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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in_fields of mutual interest. Other international organizations, governmental and non-governmental, in

liaison with 130 and IEC, also take part in the work.
International Btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 3.
In the field of information technology, ISO and IEC have established a joint technical committee, ISOJEC JTC 1.
Draft Internatjonal Standards adopted by the joint technical committee are circulated to<national bodieq for voting.
Publication a$ an International Standard requires approval by at least 75 % of the natiohal bodies casting a vote.
Attention is drawn to the possibility that some of the elements of this part of ISQ/JE€ 16500 may be thg subject of
patent rights.[{ISO and IEC shall not be held responsible for identifying any or al\such patent rights.
International Standard ISO/IEC 16500-4 was prepared by DAVIC (Digital ‘Audio-Visual Council) and wds adopted,
under the PASS procedure, by Joint Technical Committee ISO/IEC JTC &, Information technology, in pardllel with its
approval by national bodies of ISO and IEC.
ISO/IEC 165090 consists of the following parts, under the general title Information technology — Gerjeric digital
audio-visual gystems:
— Part 1. System reference models and scenarios
— Part 2: System dynamics, scenarios and protocel requirements
— Part 3: Contours: Technology domain
— Part 4: Lpwer-layer protocols and physical interfaces
— Part 5: High and mid-layer protocols
— Part 6: Information representation
— Part 7: Bpsic secdrity tools
— Part 8: Mapagement architecture and protocols
— Part 9: Usage information protocols
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https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

Introduction

ISO/IEC 16500 defines the minimum tools and dynamic behavior required by digital audio-visual systems for
end-to-end interoperability across countries, applications and services. To achieve this interoperability, it defines
the technologies and information flows to be used within and between the major components of generic digital
audio-visual systems. Interoperability between these components and between individual sub-systems is assured
through specification of tools and specification of dynamic systems behavior at defined reference points. A
reference point can comprise one or more logical (non-physical) information-transfer interfaces, and one or more
physical signal-transfer interfaces. A logical interface is defined by a set of information flows and associated
protocol stacks. A physical interface is an external interface and is fully defined by its physical and electrical
characteristics. Accessible reference points are used to determine and demonstrate compliance of a digital audio-
visual stbsystam with this intemational standard.

A SHAFRaRY-6 fonch nart £ollo
prretr y - o ot Par t Tonmovy Sy

ISQ/IEC 16500-1 (DAVIC 1.3.1a Part 2) defines the normative digital audio-visual systems(echinical framework.
It ptovides a vocabulary and a Systems Reference Model, which identifies specific functional blocks and
information flows, interfaces and reference points.

ISQ/IEC 16500-2 (DAVIC 1.3.1a Part 12) defines system dynamic behavior and physical scengrios. It details the
locqdtions of the control functional entities along with the normative protocols needed to support|the systems
beHavior. It is structured as a set of protocol walk-throughdmplication Notes™that rehearse both the steady

and dynamic operation of the system at relevant reference points using specified protocols. Detailed
dyniamics are given for the following scenarios: video on demand, switched video broadcast, inferactive broadcast,

ISQ/IEC 16500-3 (DAVIC 1.3.1a Part 14) provides the normative.definition of DAVIC Technology Contours.
Thegse are strict sets of Applications, Functionalities and Technologies which allow compliance fand conformance
critgria to be easily specified and assessed. This part of ISO/IEC 16500 contains the full detailq of two contours.

Dellvery System. In addition a detailed specification is provided of the physical interfaces betwgen the Network
Intdrface Unit and the Set Top Unit and of‘the physical interfaces used to connect Set Top Boxgs to various

per{pheral devices (digital video recorder, PC, printer). The physical Delivery System mechanigms included are
copper pairs, coaxial cable, fiber, HFC, MMDS, LMDS, satellite and terrestrial broadcasting.

ISQVIEC 16500-5 (DAVIC 1.3.2a Part 7) defines the technologies used for high and mid-layer pfrotocols for
ISQ/IEC 16500 digital audio-visual systems. In particular, this part defines the specific protocol|stacks and
reqliirements on protocols.at specific interfaces for the content, control and management information flows.

ISQ/IEC 16500-6 (DAVIC 1.3.1a Part 9) defines what the user will eventually see and hear and with what quality.

It specifies the way in‘which monomedia and multimedia information types are coded and exchgnged. This
includes the definition of a virtual machine and a set of APIs to support interoperable exchangg of program code.
Intdroperability<of applications is achieved, without specifying the internal design of a set top unit, by a normative
Reference Becoder Model which defines specific memory and behavior constraints for content|decoding. Separate
profiles @are defined for different sets of multimedia components.

ISQ/IEC 16500-7 (DAVIC 1.3.1a Part 10) defines the interfaces and the security tools required| for an

ISO/IEC 16500 system implementing security profiles. These tools include security protocols which operate
across one or both of the defined conditional access interfaces CAO and CAL. The interface CAO is to all security
and conditional access functions, including the high speed descrambling functions. The interface CAl isto a
tamper resistant device used for low speed cryptographic processing. This cryptographic processing function is
implemented in a smart card.

ISO/IEC 16500-8 (DAVIC 1.3.1a Part 6) specifies the information model used for managing ISO/IEC 16500
systems. In particular, this part defines the managed object classes and their associated characteristics for
managing the access network and service-related data in the Delivery System. Where these definitions are taken
from existing standards, full reference to the required standards is provided. Otherwise a full description is
integrated in the text of this part. Usage-related information model is defined in ISO/IEC 16500-9.

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) vii
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ISO/IEC 16500-9 (DAVIC 1.3.1a Part 11) specifies the interface requirements and defines the formats for the
collection of usage data used for billing, and other business-related operations such as customer profile
maintenance. It also specifies the protocols for the transfer of Usage Information into and out of the
ISO/IEC 16500 digital audio-visual system. In summary, flows of audio, video and audio-visual works are

monitored at defined usage data collection elements (e.g. servers, elements of the Delivery System, set-top boxes).
Information concerning these flows is then collected, processed and passed to external systems such as billing or a
rights administration society via a standardised usage data transfer interface.

Addition

al Information

ISO/IEC TR 16501 is an accompanying Technical Report. Further architectural and conformance information is
provided in other non-normative parts of DAVIC 1.3.1a (1999). A summary of these documents is included here

for infornratron:

ISO/IEC
providers
IDB (Intg
used to ¢

DAVIC 1]
informati
how to Ig
transmitt

applicatipn. Part 4 provides an overview of Delivery Systems and describ€s\instances of specific DA

networkg
local sto
Consum
normativ

DAVIC 1]
technolo

TR 16501 (DAVIC 1.3.1a Part 1) provides a detailed listing of the functionalities required by
of digital audio-visual applications and systems. It introduces the concept of a contour-and
ractive Digital Broadcast) and EDB (Enhanced Digital Broadcast) functionality requirementg
efine the normative contour technology toolsets provided in ISO/IEC 16500-3.

3.1a Parts 3, 4 and 5 are DAVIC technical reports. They provide additional architectural an
bn for the server, the delivery-system, and the Service Consumer systems, respectively. P4
ad an application, once created, onto a server and gives information, and guidance on the p
bd from the set-top user to the server, and those used to control the'Set-up and execution o

d service architectures. These include physical and wireless.networks. Non-networked deli
age physical media like discs, tapes and CD-ROMSs) are not specified. Part 5 provides a Se
br systems architecture and a description of the DAVIC Set-Top reference points defined el
P parts of the specification.

3.1a Part 13 is a DAVIC technical report, which provides guidelines on how to validate the
hy tools and protocols through conformance and or interoperability testing.
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Information technology — Generic digital audio-visual systems —
Part 4: Lower layer protocols and physical interfaces

1. Scope

This part of ISO/IEC 16500 provides a toolbox consisting of lower layer protocols and physical interfaces. Each
tool is applicable at one or more of the reference points within the delivery system. The physical delivery media
that have been identified for this version of ISO/IEC 16500-4 are copper pairs, coaxial cable, microwave, fiber
and satellite. Removable information carrying physical media (e.g. optical discs and tapes) are not covered. The
tools listed address the three parts of the delivery system, namely, the core network, the access network and the
access-network-independent interface to the Set Top Unit (STU). Tools are also identified for the STU dataport

inte

Cla
bro
pro
the
acc
bet
Set
tran
specifies the physical interfaces used to connect an STB to various peripheral devices. It defing
multimedia dataport tools and interfaces and also includes informative specifications for both P
dataports. These interfaces support the transport of MPEG-2-TS ‘er’IP. Clause 10 defines the p
for |nterconnections between cascaded SPS entities with or without an intervening core networ
interfaces for networks used to connect various hosts withinan SPS.

ise 6 specifies in detail the tools provided to digitize the physical media in the core network
hdband core network, all these tools support high speed ATM transport. Clause 7 specifies

be tools support high speed MPEG-2-TS transport and/or high speed ATM transport. Claus
pss-network-independent interface to the STU and provides a detailed specification of the
veen the network interface unit (NIU) and the STU. This physical interface‘can be internal o
Top Box (STB) and is independent from the physical interface used in-the access network.

Normative references

is part of ISO/IEC 16500. For dated references, subsequent amendments to, or revisions g

IEC, ISO, ISO/IEC and ITU-T normative references

60801-4:198&lectromagnetic compatibility for industrial process measurement and contro
Part 4: Electrical fast transient/burst requirements

sport of MPEG-2-TS and ATM between NIU and STU. Clause 9 coneerhs the STU dataport

face and for a service Ir\r'nvirh:r system (QDQ) internal network and an SPS/SPS care network.

In the case of a
in detail the tools

ided to digitize the physical media in the access network (copper pairs, coax, satellite, micfowave, fiber). All

e 8 concerns the
hysical interfaces
r external to the

t supports the
interface and

S normative STU
C and parallel
nysical interfaces
k and the physical

following normative documents contain provisions which, through reference in this text, copstitute provisions

f, any of these
are encouraged to
For undated

reau (TSB)

equipment.

dta transmission.

ic signals

rQ/stems—

coII|S|on detectlon (CSMA/CD) access method and phyS|caI Iayer specmcatlons
ISO/IEC 8877 1987, Information technology — Telecommunicatiosiand information extiangebetweensystens —

Interface connector and contact assignments for ISDN Basic Access Interface located at ref
and T.

erence points S

ISO/IEC 11801:1995Generic cabling for customer premises, standards for generic cabling for information

technology.

ISO/IEC 138181:1996, Information technology — Geneic codng of movng pictures and associated audio

information: Systems
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ISO/IEC 13818-9:199€6Extension for real-time interface for systems decoders
ITU General Secretariat, Radio Regulations (1990), Volume 1, Article 8, Frequency Allocations Chapter RR8.
ITU-R Recommendation 65&ecommendations of the ITU-R (formerly CCIR), 1990 -- CCIRF&® I.

ITU-T Recommendation G.117 [Blue BogK]ransmission aspects of unbalance about earth (definitions and
methods)version CCITT PA 1988, published March 1990.

ITU-T Recommendation G.652 [Rev. Qharacteristics of a single-mode optical fiber cahlersion WTSC
1993, published February 1994.

ITU-T Recommendation G.704 [Rev. ynchronous frame structures used at levels of 1544, 6312, 2048, 8448
and 44736 kbit/sJuly 95.

ITU-T Recommendation G.707 [Rev. ynchronous digital hierarchy bit rategersion WTSC 1993, published
August 1993.

ITU-T Recommendation G.708, [ReV, Network node interface for synchronous digital hierarchgrsion
WTSC 1993, published November 1993.

ITU-T Recommendation G.709 [ReV}, Digital transmission systems - Terminal Equipment - Gengeakion
WTSC 1993, published December 1993.

ITU-T Rgcommendation G.804 [NgwATM cell mapping into plesiochronous digital hierarchy (PD#grs|on
November 1993, published October 1994.

ITU-T Rgcommendation G.832 (11/199%)ansport of SDH elements on PDH networks: Framé.and
multiglexing structures

ITU-T Recommendation G.957 (07/1998)ptical interfaces for equipment and systems relating to the
synchronous digital hierarchy

ITU-T Rgcommendation G.981 [NéwPDH optical line systems for the local netwovikersion January 1994,
publighed November 1994.

ITU-T Rgcommendation 1.361 (11/1998-ISDN ATM layer specification

ITU-T Rgcommendation 1.363.5 (08/1998}ISDN ATM adaptation layer (AAL) specification: Type 5 AL

ITU-T Rgcommendation 1.413 [Rev. B;ISDN user-network interfacgersion WTSC 1993, published
December 1993.

ITU-T Recommendation 1.430 [Rev.,Basic user-network interface - Layer 1 specificatioersion WTSC
1993 published March 1994.

ITU-T Rgcommendation 1.432 [Rev. B;ISDN user-network interface - Physical layer specificati@nsion
WTSC 1993, published January 1994.

ITU-T Rgcommendation O.9 [Blue Boghyleasuring arrangements to assess the degree of unbalance|about
earth|version CCITT PA 1988, published July 1990«

ITU-T Rgcommendation V.22 [Blue BooK]200 bits,per second duplex modem standardized for use on the
genelal switched telephone network and on-peint-to-point 2-wire leased telephone-type vecsiis
CCITT PA 1988, published November 1989.

ITU-T Rgcommendation V.22 bis [Blue Boo®K00 bits per second duplex modem using the frequency division
technjque standardized for use on the general switched telephone network and on point-to-point R-wire leased
telepone-type circuitsversion CCF-T PA 1988, published November 1989.

ITU-T Rgcommendation V.32 [Rev. 14, family of 2-wire, duplex modems operating at data signaling rates of up
to 9600 bit/s for use on thetgeneral switched telephone network and on leased telephone-typ& eigoor
WTSC 1993, published danuary 1994.

ITU-T Rgcommendation .32 bis [New4, duplex modem operating at data signaling rates of up to 14400 bit/s
for use on a generaklswitched telephone network and on leased point-to-point 2-wire telephone-type circuits
versign February1991, published May 1991.

ITU-T Rgcommendation V.34 [Newd modem operating at data signaling rates of up to 28800 bit/s for use on
the gg¢neralsswitched telephone network and on leased point-to-point 2-wire telephone-type i
Septgmber 1994, published December 1994.

2.2 Other normative references

1394 Trade Associatiogpecification for AV/C Digital Interface Command, Ssiptember 13, 1996. Figure 5-1.
ADSL Forum TR-002ATM over ADSL RecommendatiphMarch 1997ttp://www.adsl.com/ads|_atm.html.
Scope Note: Sections B.2, 3 (except only a single latency path shall be implemented, see 3.2), 4,6.2, and 7.
ANSI Standard T1.10550NET Basic Description including Multiplex Structure, Rate and Formats
ANSI Standard T1.105.050NET Automatic Protection Switching
ANSI Standard T1.105.050NET Payload Mappings
ANSI Standard T1.105.080NET Jitter and Network Interfaces
ANSI Standard T1.105.08O0NET Data Communication Channel Protocols and Architectures
ANSI Standard T1.105.050NET Tandem Connection Maintenance
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ANSI Standard T1.105.06ONET Physical Layer Specification

ANSI Standard T1.105.0B0NET Sub STS-1 Interface Rates and Formats Specifications

ANSI Standard T1.105.08ONET Directory Service for TMN and SONET

ANSI Standard T1.105.080NET Timing and Synchronization

ANSI Standard T1.413\etwork and customer installation interfaces - Asymmetrical Digital Subs
(ADSL) Metallic Interfaceversion March 95.

criber Line

ATM Forum, Physical Interface Specification for 25.6 Mbit/s over Twisted Pair Ciligember 1995.

ATM Forum,UTOPIA: an ATM-PHY Interface Specificatidrevel 1, Version 2.01 March 21,1994.

Bellcore document GR-253 [Issue 038kt: Synchronous Optical Network (SONET) Transport; Systems: Common

Generic Criteria.December 1995.

CENELEC EN 50083-9Cabled distribution systems for television, sound and interactive multimedia signals.
Part 9: Interfaces for CATV/SMATYV headends and similar professional equipment for DVB/MPEG-2

transport streamsViarch 1997.
DIN Specification 41612-5Test SpecificatignOctober 1987.

ET$I specitication ETS 300 42Digital broadcasting systems for television, sound and data sery
tructure, channel coding and modulation for 11/12 GHz satellite servieeson December(199
ET$I Technical Report 328 on ADSédition 1, December 1996.

IEEE Standard 1284-1998jgnaling Method for a Bidirectional Parallel Peripheral Interface for P
omputergISBN 1-55937-427-6) [SH17335-NXG] (Note: optional in ISO/IEC 16500- see Sy
elow)

IEEE Standard 1394-1998-EE Standard for a High Performance Serial Bus

Philips Semiconductor Specificatiohhe FC-bus and how to use it (including specificatiori$)95 Up
eleased April 1995, by Philips Semiconductor. Document number 9398:393-40011.

3. | Definitions

Access network (AN):a part of the Delivery system consisting of a collection of equipmg
structures, that link a number of Service\Consumer Systems to the rest of the Delivery sys

single (or a limited number of) common pori(s).

3.2
pro

3.3
sub)
blo

3.4
bety

35
infol
or H

3.6

Access nodeThe element of the Access network containing centralized functions respd
cessing information flows in preparation for transport through the selected distribution netwd

block: a part of a system-or parent block that is the container for one or more processe
structure. A block is a scopé unit and provides a static interface. When used by itself, block
k instance.

veen an A0 reference point and that plant, such that the whole comprises a physical layer t

channgl.a connection conveying signals between two blocks (the conveyed signals ref
rmation)( Channels also convey signals between a block and the environment. Channels m
i-directional.

client: a service consuming object or system (block); ( a synonynmstaj.

ces; Framing
1,

ersonal
bclause 9.4

Hate,

s part of
rnative
5 below are

ent and
em through a

nsible for
rk.

5 of one block
is a synonym for

cable modem:a device that interfaces between an A4 reference point and an Hybrid Filper Coax plant, or

DO

resent
hy be unidirectional

3.7.
signal routes.

3.8.

connect:indicates the connection of a channel to one or more signal routes or the interconnection of

connection an association of transmission channels or circuits, switching and other functional units set

up to provide a means for a transfer of user, control and management information between two or more end points

(blocks) in a telecommunications network.
3.9.
3.10.

connection serviceprovides basic functions to create, maintain, and tear down connect

ions.

Control Plane (CP): a classification for objects that interact to establish, maintain, and release resources

and provide session, transport, and connection control functions that facilitate transparent information transfers

between ISP clients.
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3.11. Core network: a portion of the Delivery system composed of networks, systems, equipment and
infrastructures, connecting the Service providers to the Access networks.

NOTE: The term Core network, in the DAVIC usewisle sensas it includes the notion of the access networks
that are needed to link the Service providers Systems to the core network in strict sense (i.e., exclusive of any
access network). This kind of access networks are not under consideration within DAVIC.

3.12. Delivery system (DS):The portion of the DAVIC System that enables the transfer of information
between DS-users.

3.13. Distribution network: a collection of equipment and infrastructures that delivers information flows
from the Access node to the Network termination elements of the Access network.

3.14. downstream information flow direction is from an End Service provider System to an End Service
Consumer System.

3.15. End-Service Consumer (ESC)a user, either human or machine, whose primary interaction with the
system i$ through the STU.

3.16. nd-Service Consumer System (ESCSH system that (predominantly) consumes information. ESCSs
are ISP and ESPS clients. The ESCS includes the STU and the ESC.
3.17. nd-Service provider (ESP):an entity with jurisdiction over a domain that contains/a system that

(predominantly) provides information to clients.

3.18. nd-Service provider System (ESPS) system that (predominantly) provides‘information to glients.
ESPSs gre ISP clients and may also be clients of other ESPSs. ESPSs consists of hardware and sdftware sub-
systems [that use ISP services to provide video and multimedia services to ESCSs.

3.19. rror : An error occurs during the interpretation of a valid specification of a system when onq of the
dynamic|conditions of SDL is violated. Once an error has occurred, the subsequent behavior of the $ystem is not
defined.

3.20. ipterface: a point of demarcation between two blocks through which information flows from gne block
to the other. See logical and Physical Interface definitions fof further details. A DAVIC interface may|be physical-
interface|or a logical-interface.

3.21. ipterface definition: Interface definitions are the detailed physical definitions used to define the method
of interagtion between system entities. These definitions are provided for the various reference points. A finite set
of interfaces may exist at each particular reference point.

3.22. Intermediate-Service provider (ISP):ISPs provide adjunct services and convey information gmong
ESPs and ESCs.

3.23. |pyer: a collection of objects of'the same hierarchical rank

3.24. |Ipgical information flow path;*a sequence of information transfers from an initial information $ource
object to|a terminal information destination object either directly or through intermediate objects; diff¢rent
physical jnformation may betassociated with a logical information flow path segment or with the entife path in
different jmplementations:

3.25. Ipgical interfacesan interface where the semantic, syntactic, and symbolic attributes of information
flows is defined. Logieal interfaces do not define the physical properties of signals used to represent|the
informatipn. A logical interface can be an internal or external interface. It is defined by a set of information flows
and assqciated protocol stacks.

3.26. Management Plane (MP):a plane that contains those interfaces and functions which support
interactions whichmay be typifiedas being temporatty disjoint frorm arm off-hook mteraction. interactions among
Management Plane objects may also occur concurrently with an off-hook interaction.

3.27. management-information: information exchanged by Management Plane objects; may be content-
information or control-information.

3.28. network: a collection of interconnected elements that provides connection services to users

3.29. network control function: The Network Control Function is responsible for the error-free receipt and
transmission of content flow information to and from the Server.
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3.30. Network Interface Unit (NIU): The NIU accepts network specific content-information flows from the
Delivery system and provides a non-network specific interface to the Connectivity Entity in the STU. (additional
definitions of the NIU may exist).

3.31. Network Related Control: The Network Related Control entity provides control functions for network
configuration, connection establishment and termination and information routing in a network instance of a
Delivery system.

3.32.  Network termination (NT): the element of the Access network performing the connection between the
infrastructure owned by the Access network operator and the Service Consumer System (ownership decoupling).
The NT can be passive or active, transparent or not.

3.33. physical information flow path: a channel or a sequence of channels that constitutes a real or virtual
connection between an information source object and an information destination object.

3.34. Physical Interface: An interface where the physical characteristics of signals used to represent
|nf mation and the physical characteristics of channels used to carry the signals are defined. A Physical Interface
external interface. It is fully defined by its physical and electrical characteristics. Logical information flows

process:a communicating extended finite state machine. Commuhnication can take plade via signals or
process instancean instance of a process created at system creation time or dynamically as a result of a
protocol: set of message formats (semantic, synfactic, and symbolic rules) and the rulgs for message
randomization: the process of removing atte*correlation from a signal, i.e. white noise gpectrum

ing at the transmitter side to ease symbol of/bit timing recovery at the receiver side.
reference point: a set of interfaces hetween any two related blocks through which information flows

from one block to the other. A reference.peint comprises one or more logical (non-physical) infgrmation-transfer

S1:content-information flow, from a source to a destination object on the User plane offany service

S3: control-ipformation flow from a source to a destination object on the Control Plane ¢f the Session
S4: control-information flow from a source to a destination object on the Control Plane ¢f the Network

S5 management-information flow from a source to a destination object on the Management Plane of the
contalirer object: the objects may be peers (service layer is known), or the service layer may be unspecified.

3.46. scrambling: The process of making a signal unintelligible at the transmission point in order that it can
only be received if an appropriate descrambling system is in place at the point of reception. Scrambling can be
applied to audio, video or data signals

3.47. server: any service providing system.
3.48. Service provider: an entity that provides a service to a client.

3.49. Service Related Control:an entity that provides all control functions for the services that are offered by
a network instance of the Delivery system. The DSRM allows for SLO, SL1 and SL2 Service Related Control
subsets.
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3.50. sessionan interval during which a logical, mutually agreed correspondence between two objects exists
for the transfer of related information. A session defines a relationship between the participating users in a service
instance.

3.51. Session Control Function:This entity, in a Service provider System, is responsible for establishing and
terminating the environment in which an application will operate. This environment includes the quality of service
requirements for both the application and product entities.

3.52. session servicegrovide basic functions to create, modify, maintain, and tear down sessions (negotiate
and allocate network resources).

3.53. signal: an instance of a defined signal type representing information meaningful to a process instance.

3.54. signal route: indicates the flow of signals between a process type and either another process type in the
same block or the channels connected to the block.

ieation-a—definiton-of-thereadirementsofa—systerm—A-—specificationcenst of-genera] parameters
required |of the system and the functional specification of its required behavior. Specification may.algo be used as

symbol: a bit or a defined sequence of bits.

3.57. gystem:a collection of interacting objects that serves a useful purpose; typicallys;@ primary stibdivision
of an object of any size or composition (including domains).
3.58. ime Division Multiple Access (TDMA): method to access a shared trapsmission medium where time

is dividedl into slots and the nodes connected to the medium are synchronized by assigning each ong of them one
or more $pecific time slots to transmit

3.59. transparent information: information that is not significant semantically to an object used to fransport
the information.

3.60. type: a set of properties for instances. Examples of types/in SDL include blocks, processes, [services,
signals, and systems.

3.61. pstream: information flow direction is from an ESC.System to an ESP System.

3.62. ser: a service consuming object or system (block).

3.63. Wser plane (UP):A classification for objects‘'whose principal function is to provide transfer of |(end)
user infofmation: user information may be user-to-user content (e.g., a movie), or private user-to-us¢r data.

3.64. alue Added Service provider (VASP):This provider offers, for example, a Video-on-Demandg
Service to the end-user. Within the Systems Reference Model this is the ESP.

3.65. irtual channel: communication channel that provides for the sequential unidirectional transgort of
ATM cells

4. Acronyms and ‘abbreviations

This clayse defines the\acronyms and abbreviations used in this part of ISO/IEC 16500. Annex B of [SO/IEC
16500-1|defines actenyms and abbreviations used within ISO/IEC 16500.

ADSL Asymmetrical Digital Subscriber Line
All Active Input Interface

AlIS Alarm Indication Qignal

AOI Active Output Interface

ATM Asynchronous Transfer Mode
AWG American Wire Gauge

BER Bit Error Ratio

BW Bandwidth

CATV Community Antenna TeleVision
CBD Connection Block Descriptor
CMB CRC Message Block

CRC Cyclic Redundancy Check
DFP Downstream Frame Period

DS Downstream
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EL-FEXT Equal Level - Far End Cross Talk
ESF Extended SuperFrame
ETSI European Telecommunications Standards Institute
FEC Forward Error Correction
FEXT Far End Cross Talk
FIFO First In First Out
FTTB Fiber To The Building
FTTC Fiber To The Curb
GSM Global System for Mobile communications
HDTV High Definition TeleVision
HEC Header Error Control
HFC Hybrid Fiber Coax
High Reliability Marker
Identification

Integrated Services Digital Network
InterWorking Unit Functionality
Linear Feedback Shift Register
Least Significant Bit

Media Access Control

Moving Pictures Experts Group
Most Significant Bit

Multiplex

Network Interface Unit

Network Related Control
Non-Return-to-Zero

Network Service Access Point
Output Signal Balance
Plesiochronous Digital Hierarchy
Packet Data Unit

Physical Layer Interface

Packet Identifier

Public Land Mobile Network
Phase Modulation

Physical Medium Dependent
Passive Optical Network

Plain Old Telephone System
Pulses Per,Nillion
Pseudo‘Random Binary Sequence
PSH Phase Shift Keying

PSTN Publio Switched Telephone Network
QAM Quadrature Amplitude Modulation
Qo$ Quiality of Service

QPBK Quaternary Phase Shift Keying

RF Radio Frequency

RL Return Loss

RS Reed-Solomon

SDH Synchronous Digital Hierarchy

SDL Syntax Description Language

SDy Service Data Unit

SF SuperFrame Period

SFSC SuperFrame Synchronization Control
SL-ESF Signaling Link - Extended Superframe
SMATV Satellite Master Antenna Television
SONET Synchronous Optical Network

STP Shielded Twisted Pair

STS Satellite Transmission System

TC Transmission Convergence

TDM Time Division Multiplex

TDMA Time Division Multiple Access

TE Terminal Equipment
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TS Transport Stream

TV TeleVision

ub User Data

UNI User-Network Interface

UPI User Premises Interface

us Upstream

UTP Unshielded Twisted Pair

VDSL Very high-speed Digital Subscriber Line

5. Conventions

The style of this part of ISO/IEC 16500 follows tBeide for ITU-T and ISO/IEC JTC 1 cooperation. Appendix
II: Rules for presentation of ITU-T | ISO/IEC common text (March 1993).
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6. Tools for Digitizing the Core network

DAVIC supports physical layer interfaces for both narrowband and broadband core networks.

6.1 The Broadband Core network

For a broadband network, DAVIC supports interfaces for which a mapping of ATM cells has been standardized
by international bodies such as ITU, ETSI and the ATM Forum. The ATM Forum makes a distinction between
private and public UNI interfaces. For the broadband core network, only public UNI interfaces are considered.
The allowable physical layer protocols for the broadband core network are given in detail below.

The recommendation to support SDH/SONET as the broadband core network physical layer may be viewed as
offering a single solution. A near-term option of PDH is presented to accommodate for legacy networks; and a
recommendation is given to review the applicability of PDH as a physical layer option for this part of ISO/IEC
16900 upon future revisions.
Thdugh many Physical Interfaces exist that are able to carry ATM cells, it is important to limitthe number of
possible interfaces to prevent requirements that servers have to be equipped with a wide'variefy of Physical
Intdrfaces. At the moment PDH plays an important role in transport networks and therefore PDH can not be ruled
outffor short term deployment of DAVIC services. This is because network operataors avho will be transporting
DAVIC specified services will not be able to avoid using multiple physical layer téchnologies fof the time being.
However in the long term PDH equipment will be replaced, e.g. by SDH or SONET transmission equipment. The
brogdband core network shall be digitized by transporting ATM on one or more of the tools listgd in Table 6-1.
Eagh of these tools shall comply to the corresponding references listed in\Table 6-1.

Table 6-1 - Broadband Core network Physical interfaces.

PRhysical Interface Bit Rate References
SOH STM-1 155.52 Mbit/s [ITU-T G.652], [ITU-T G.957],
[ITU-T.G.¥07], [ITU-T G.708], [ITU-T G.709]
[TU-TI.413], [ITU-T 1.432]
STM-4 622.08 Mbit/s [fTU-T G.652], [ITU-T G.957],
[ITU-T G.707], [ITU-T G.708], [ITU-T G.709],
[ITU-T 1.413], [ITU-T 1.432]
SONET OC-3c 155.52 Mbit/s [ANSI T1.105],
[ANSI T1.105.01] through [ANSI T1.105.09]
[BELLCORE GR-253]
0C-12 622,08 Mbit/s [ANSI T1.105],
[ANSI T1.105.01] through [ANSI T1.105.09]
[BELLCORE GR-253]
PIpH J2 6.312 Mbit/s [ITU-T G.981], [ITU-T G.704], [ITU-T G.804]
E3 34.368 Mbit/s [ITU-T G.981], [ITU-T G.832], [ITU-T G.804]
DS3 44.736 Mbit/s [ITU-T G.981], [ITU-T G.804]
E4 139.264 Mbit/s [ITU-T G.981], [ITU-T G.832], [ITU-T G804]

Part 4 specifies'an enhanced broadcast scenario where the core network between the downstream delivery
netyvork and-the originating SPS may not exist (i.e. A9 and A4 are coincident), In this case, DVB ASI shall be
used fordelivering the MPEG-2 Transport Stream from the SPS into the access network.

Table 6-2 - SPS/SPS core network and SPS internal network interfaces.

References
[CENELEC EN50083-9]

Bit Rate
270 Mbit/s

Physical Interface
DVB | ASI

6.2 The Narrowband Core network

A characteristic of Enhanced Broadcast Services is that a different delivery systems may be used for carrying the
downstream broadcast signal and the interaction channel. The downstream broadcast may use a broadband core
network, while the interaction channel may use a narrowband core network. In that case, carrying ATM is not
mandatory for the interaction channel. DAVIC supports PSTN, ISDN and PLMN as physical layer tools for use in
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a narrowband core network as listed in Table 6-3. These tools shall be the same as those defined for digitizing the
access network in subclauses 7.1, 7.2, and 7.3, respectively.

Table 6-3 - Narrowband Core network Physical Interfaces.

Physical Interface Bit Rate References
PSTN modem 2.4 bit/s [ITU-T V22bis]
interface 9.6 kbit/s [ITU-T V32]
14.4 kbit/s [ITU-T V32bis]
28.8 kbit/s [ITU-T V34]
ISDN ISDN 144 kbit/s [ITU-T 1.430]
interface
PLMN mobile 1.2 kbit/s [ITU-T V22]
fterface 2Akbitfs fFo=Fv22bist
4.8 kbit/s [ITU-T V32]
9.6 kbit/s [ITU-T V32]

7. Tools for Digitizing the Access network

7.1 Lgw-Speed Symmetrical PHY on the PSTN

The PSTIN is considered as a physical medium, a physical layer interface and.a network which can :Le used to
establish a bi-directional communication path in the end-to-end delivery system by making use of a modem.
Transmigsion performance levels are defined as follows:
1) Full duplex terrestrial path at up to 2.4 kbits/s

2) Full duplex terrestrial path at up to 9.6 kbit/s

3) Full duplex terrestrial path at up to 14.4 kbits/s
|) Full duplex terrestrial path at up to 28.8 kbits/s
The perfprmance level 1 shall comply with [ITU-T V22 bis]:
The perfprmance level 2 shall comply with [ITU-T V32].
The perfprmance level 3 shall comply with [ITU-T V32%bis].
The perfprmance level 4 shall comply with [ITU-T V34].
The modem in the set top box shall at least suppert the auto mode selection [ITU-T V.22bis] transmission
protocol [performance level 1).
Independently of the performance level the'modem is operating at, asynchronous working with one ¢r two stop
bits and with or without parity shall be possible.

I

7.2 Lgw-Speed Symmetrical PHY on the ISDN

The ISDN is considered as asphysical medium, a physical layer interface and a network which can b used to
establisH a bi-directional gommunication path in the end-to-end delivery system.
The ISDN interface shall'eemply to the [ITU-T 1.430] specification.

7.3 Law-Speed Symmetrical PHY on Public Land Mobile Networks

The publjc land,mobile network (PLMN) is considered as a physical medium, a physical layer interfafce and a
network which can be used to establish a bi-directional communication path in the end-to-end delivefy system by
making Use-efatmobile-terminat-eqaipmentradio-networkinterworking-funectionality-ane-PSTNASBN network.
The type of the mobile network depends on the local mobile network operator. For example, GSM, PCS 1900, or
DCS 1800 can be used according to the respective standards.

ISDN access from the PLMN provides faster connection establishment than PSTN access from the PLMN.

Server Interworking functionality STU

V.series modeny Modem part/| Radio ) \ Mobile
ISDN TE ' ISDN part Part Rad|0 |nter‘faC TE

Figure 7.3-1 - Public Land Mobile Network (PLMN) PSTN/ISDN interworking for circuit switched calls
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Transmission performance levels are defined as follows:
1) Full duplex terrestrial path at up to 1.2 kbits/s
2) Full duplex terrestrial path at up to 2.4 kbits/s
3) Full duplex terrestrial path at up to 4.8 kbits/s
4) Full duplex terrestrial path at up to 9.6 kbits/s
The performance level 1 shall comply with [ITU-T V22].
The performance level 2 shall comply with [ITU-T V22bis].
The performance level 3 shall comply with [ITU-T V32].
The performance level 4 shall comply with [ITU-T V32].
The Interworking functionality shall at least support the auto mode selection [ITU-T V22] transmission protocol
(performance level 1). Independently of the performance level the interworking functionality is operating at,
asynchronous working with one or two stop bits and with or without parity shall be possible.
In case of ISDN, the ISDN interface in the interworking functionality shall comply to the [ITU-T 1.430]
specification.
In the radio interface, the non-transparent data transmission (including error correction) Is reconmended, because
it pfovides a better BER performance on the radio path, and it does not require an additionakptjotocol to carry out
thelerror correction.
For|the GSM networks the IWU is specified in ETSI GSM standards, (e.g. GSM 09.0%wver 3.7.1 General
Requirements on Interworking between PLMN and the ISDN or PSTN).

7.4 Long-Range Baseband Asymmetrical PHY on copper

This Physical Layer Interface specification supports transmission over long range (>1500 metefs) unshielded
twigted pair (UTP) cabling at bit rates up to 7 Mbit/s in the downstream.direction and up to 640 kbit/s in the
upstream direction.
Work on a long-range asymmetrical physical layer interface on copper pairs has been completed in the ANSI
T1H1.4 and ETSI TM3. It is referred to as ADSL (AsymmetricalDigital Subscriber Line).
Thg Long-Range Asymmetrical Physical Layer Interface onrcopper pairs shall comply to the [ANSI T1.413]
ADSL specification and additionally meet the performancgéerequirements contained in the ETSI [Technical Report
[ETR 328].
Thqg bit rate and interleaving depth shall be set at start-up according to the network operators sgrvice requirements
by petwork management (reference [ANSI T1.413]'section 12 “Initialization” sub-section 12.6.2|“C-RATES1").

Thg ATM transmission convergence layer specifications shall be implemented according to ADSL Forum
recpommendations described in [ADSLF TR-Q02], with the following restrictions:

1 Only the following sections of [ADSLF TR-002] are mandatory (as restricted in 2 below), other text is
informative:
B.2 Relationship to otherreference models: DAVIC
3 Transport of ATMon"ADSL
4 Quality of Service
6.2 Description of functional blocks: Transmission Convergence
7 Management
2 In ISO/IEC 16500 only a single latency path shall be implemented. This is a restriction jon the full

flexibility of the JADSLF TR-002] recommendation subclause 3.2.

7.3 Medium-Range Baseband Asymmetrical PHY on copper

This sectioh.is’included for information only.
Seq DAVIC 1.3.1a Part 4 (1999) for more details on architectures able to support the Medium Range Baseband
Asyimngetrical PHY on copper.
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7.6 Short-Range Baseband Asymmetrical PHY on copper and coax

This Physical Layer Interface supports transmission over short range (<300 meters) unshielded copper pairs,
shielded copper pairs and coaxial cable (up to 40 MHz bandwidth), partly located in the outside distribution plant,
partly located inside the premises. It is referred to as FTTB or FTTC (Fiber To The Building or Fiber To The
Curb).

The PMD sublayer section specifies the electrical characteristics of the physical medium (e.g. propagation loss,
crosstalk, impedance matching), the modulation schemes and reference loops over which this PHY is operating.
The physical medium can be a copper pair, a coax or a combination of both and connects the network device to
one or more user devices in a point-to-multipoint environment, as shown in Figure 7.6-1.

The TC sublayer section specifies the framing of downstream and upstream ATM cells (e.g. forward error
correction, transport frame synchronization, network device to user device lower layer protocols and upstream

TDMA control).

Network Device User Device

" downstream | ottt DT
f—
Physical
Medium

downstream All

analay
| bangass > R

filter

analg —>»—
TX > bangass
filter

Diplexerf Diplexer
anala ) anala
RX —<e&— bandass | point-to | bangass f€—— T
. multipoint .
filter filter
‘ upstream |
upstream All ‘ (p— j upstream AOI

Figure 7.6-1 - Definition of active interfaces ik'the network and user device.

The PMD and TC sublayer sections specify the characteristics of the Network Device and the User device at the
Active Input and Output Interfaces as shown in Figure<7.6-1. The network device shall be the device|generating
the dowrjstream signal, typically located in the optical network termination (in the access network). The user
device shall be the device generating the upstream signal, typically located in the Network Interface [Unit (in the
set top bpx).
On the physical medium, other signals canbe carried in overlay (e.g. POTS or RF signals). The sigral
splitter/cpmbiners to overlay these signals on the physical medium shall not considered as part of the Network
Device, mor as part of the User Device. They shall not affect compliance of the short-range basebang
asymmetrical PHY signal to the PMD and TC sublayer specification.

7.6.1 Physical Megditim Dependent (PMD) Sublayer Specification

7.6.1.1 |Bit Rates

Bit Rate [data rate) refers to the logical bit rate for data (expressed in Mbit/s). Encoded line rate (symbol rate)
refers to[the ppodulation rate of the electrical signal on the media (expressed in Mbaud).
The dowpstream and upstream bit rate are scaleable. The downstream and upstream bit rate shall qorrespond to
one of thie rdlid bit rate combinations shown in Table 7-1

Table 7-1 - Valid downstream and upstream bit rate combinations.

Bit Rate Downstream Upstream
A 51.84 Mbit/s 19.44 Mbit/s
B 51.84 Mbit/s 1.62 Mbit/s
C 25.92 Mbit/s 1.62 Mbit/s
D 12.96 Mbit/s 1.62 Mbit/s
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All bit rate combinations shall use the same downstream and upstream TC layer frame format (downstream and
upstream). The network device shall transmit downstream frames at the downstream bit rate as defined in Table 7-
1. The user device shall transmit upstream frames at the upstream bit rate as defined in Table 7-1.

The network device shall support at least one of the bit rate settings A, B, C or D.
The network device shall support connection to copper pair or coax, as required by a particular
wiring.

access network

A user device shall support the A+B+C+D or B+C+D or C+D or D bit rate setting(s). This assures a level of
portability of user devices between areas where different bit rate settings are being used by the network devices
and is in line with common modem practice, where a modem also supports all the bit rate setting lower than its

maximum performance.

A user device shall support connection to copper pair or coax, as required by a particular in-premises wiring.
For profiles with the option of having the upstream signal in the lower frequencies or having the upstream signal

in the higher frequencies (i.e. B, C and D), the user device shall support both upstream signal t
the network device can choose to support upstream reception in the lower or higher frequencie

ransmissions, while
s. Itis the

responsibility of the user device to determine how to transmit upstream properly.

7.6

Ths
this|
toh
The

1.2 Bit Error Rate

user device received white noise random bit error rate after error correction shall be lowet
assumption, a 10 Mbit/s downstream stream flow will be corrupted less than ohece a day, w|
e acceptable for interactive multimedia services.

network device received white noise random bit error rate after error cofreetion shall be leg
this|lassumption, a 100 kbit/s upstream data stream will be corrupted less(than once a day, whi
be qcceptable for interactive multimedia services.

Thg network device is receiving bursty data from the various user devices connected to it. If the
cannot receive a burst (e.g. because of burst synchronization acquisition failure), the data will b
corfupted and the ATM cell is lost.

Theg network device upstream burst loss under white noise cofditions shall be less tdnislie in |i
the|cell loss ratio commonly used for ATM networks.

7.6{1.3 Timing

1% 1aK0)
hich is considered

SNEIHLO
th is considered to

network device
e completely

he with

Thqg transmitter in the network device shall use a-transmit clock which is derived from the netw:

rk clock (e.qg.

SONET clock, SDH clock, PON clock, ...) to allow end-to-end network synchronization. In the apbsence of a
netyvork clock, the network device shall use:a locally generated clock with a maximum tolerancg of 50 ppm.

Thqg transmitter in the user device shall usé a transmit clock which is derived from its received
device is loop timed. In the absence of a valid clock derived from the received data clock,
| not perform any upstream access on the media.

as the reference clock.
jitter of the user device transmitter (upstream jitigshall be obtained by continuously transm
synbol (btb0=11) (see Figure 7.6-11) output of the byte-to-symbol mapping and measure the

ata clock, i.e. the
the user device

transmitting
nd measure the
network device

tting the
ariation of the

zerp-crossings of the resulting sine-waveform (as shown in Figure 7.6-2) at the user device act

ve output interface.

For|the“User device jitter measurement, the network device transmitter clock shall be used as the reference clock.
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7.6.1.5

This PM
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extractio
the TC s
the PMD
describe

7.6.1.5.1

The PML
Any impl

Figure 7.6-2 - lllustration of Transmission Jitter.

ork device transmitter shall be capable of continuously transmitting the synibot’(b3b2b1b0=
at the output of the byte-to-symbol mapping.

nall be peak-to-peak values at frequencies above 1 kHz.

Table 7-2 - Maximum peak-to-peak jittep values.

Bit rate setting Downstream jitter Upstream Jitter
A 15ns 20ns
B 1.5ns 2.0ns
C 3.0ns 4.0 ns
D 6.0 ns 8.0ns

Downstream Modulation

D sublayer specification provides bit transmission capability and bit timing in the downstrear
network device to any user.device).

pyer includes functions torgenerate and receive waveforms suitable for the media, and the i
h of symbol timing infoermation. The implementation of the PMD sublayer receives a byte str
Liblayer, encodes, @ndtransmits the signal to the adjacent PMD sublayer. The receiving img

N below.

Transmit)functionality

0111), as

device transmitter shall be capable of continuously transmitting the symbol (b1b0=11), as ¢bserved at
the outpyit of the byte-to-symbol mapping.
ork device and user device jitter shall be less than the maximum-values shown in Table 7-3.

All the jitter

n direction

nsertion and
eam from
lementation of

sublayer decodes;the signal and delivers it as a byte stream to the TC sublayer. These opgrations are

sublayer shall be comprised of transmit functionality obtained from the blocks shown in Fig

equally va

=mentat|on that produces the same funct|onal behaV|or at the network devrce Actlve Outpu

jure 7.6-3.
Interface is

encoded symbol stream and then into a modulated signal for presentaﬂon to the media at the network device
Active Output Interface.
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| _[) In-Phase

n Filter
Data || * Band
_D Symbol i Pass _D Signal
Input Encoder Filter Output
Qh Quadraturg

_[) Filter

Figure 7.6-3 - Block diagram of digital transmitter functionality.

The symbol stream from the encoder is divided into two patasd Q, where n designates th& symbol

per
out
the

7.6

The
tole
For
12.

For

od. The two symbol streams are sent to passband in-phase and quadrature shaping filters,
put of the in-phase filter and the negative of the output of the quadrature filter are summed-i
result passed through a band-pass filter, and then transmitted onto the media.

1.5.2 Encoding

amplitudes of the Bnd @ components in the constellations shall maintain thé_relative value
rance oft0.06 relative to these values, as depicted in the constellation diagram of Figure 7.6
operation at 51.84 Mbit/s, the encoding used shall be the code in Figure 7.6-4 with a symb
D6 Mbaud.

operation at 25.92 Mbit/s, the encoding used shall be the code in“Figure 7.6-4 with a symb

Mbaud.

For

operation at 12.96 Mbit/s, the encoding used shall be the cedeé in Figure 7.6-4 with a symb

Mbgud.

The
layd

The

encoder shall map four data bits into a symbol as shown in Figure 7.6-4. Bytes shall be ma
r into two four bit symbols. The first bit out of the TC/layer into a given symbol shall be b0.

— increasing time_D

| Isb msbI TC layer
| 1 byte alignment

b2[ b3| bO[ bIf b4 b3y bd bl bk bR KO Rib2

L|_/¥_/

gquadrant

point within quadrant

\ /\ /
NV NV
symbol n (0..3) symbol n+1 (0..3)
Figure 7.6-4 - Byte-to-symbol mapping

signal constellation shall be as shown in Figure 7.6-5.

Ead

respectively. The
nto a single signal,

5 1 and 3, with a
5.
| rate equal to

| rate equal to 6.48
| rate equal to 3.24

ipped from the TC

h inr‘nming group of 4 hits h(n ’-Z) shall he diffprpnfinlly encoded.into a Q\J/mhnl The relative

levels of the

amplitude of the symbols in each dimension shall be proportional to the four different4évateit3. The
differential encoding shall be done by first determining the current state as a function of the past state and bits b0
and b1l. Once the current state is obtained, the output symbols In and Qn shall be generated from the current state

and

© ISO/IEC 1999 - All rights reserved
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n
11 01 10 1 b2 b3
® o 3 o <

®
4— current
state

+
10g 00g *lgo00 o1

3 1 i 3
| | | | n
® T ] (]
01 00 - 00 10
(12) (10)
N
] ® 13 ] [ ]
11 10 ) 01 11

Figure 7.6-5 - Signal constellation.

Table 7-3 - State diagram for differential encoding.

b0 bl previous | current state and b0 bl previous |<{eurfent state and
state phase rotation state phase rotation

00 00 01 + /2 10 00 11 +7
00 01 11 + /2 10 01 10 +7
00 10 00 + /2 10 10 01 +7
00 11 10 + /2 10 11 00 +7
01 00 00 +0 11 00 10 | +3n/2
01 01 01 +0 11 01 00 | +3n/2
01 10 10 +0 11 10 11 | +3n/2
01 11 11 +0 11 11 01 | +3n/2

7.6.1.5.3 Network Device Active Output Interface

This section specifies the

¢ | impulse response for the transmit filters
transmitted signal power-spectrum
transmitter signal power level
transmitter return lass
transmitter signallbalance

7.6.1.5.31 Impulse.Response for the Transmit Filters

The timefdomain(response of a square-root raised-cosine pulse with excess bandwidth paiamizen b

sin[g (1- a)]+4T“tcos[§ A+ )]

A A,
T

~

oty =

The impulse response of the in-phase and quadrature filters shall have an excess bandwidip. dhe square-
root raised-cosine pulse response shall therefore be defined as (Figure 7.6-6):

16 DAVIC 1.3.1a Part 8 (1999) © ISO/IEC 1999 - All rights reserved


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

. 4t
sin(r—
g()=—>T
(7

4t 6t
)+ (ﬁ) COS@E )

t at
D)7

where T is the symbol period.

1.25

T Sqrt Raised Cosine
Impulse Response

75 + alpha=0.2

0.5 +

0.25 +

Normalized Amplitude

-0.25 - Time|U/T)

Figure 7.6-6 - Sqgrt Raised Cosine Impulse' Response g(t) of the transmit filters.

Thqg in-phase filter impulse response shall be defined’as
f{t)=g(t)ecos@f.t)
and the quadrature filter impulse shall be defined as

f'(t) = g(t) esin(2xf t)

where T is the symbol period (T£J/fand { the modulator’s center frequency.
Theg output signal shall be defined as

S()=Y[ 1« f(t-nT) - Qe f(t nT]

with 1, and Q equahto +1 or £3, independently from each other.
Thqg in-phase and quadrature impulse response of the transmit filters are shown in Figure 7.6-7.
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Normalized Amplitude

1.25 — In-phase and Quadrature
Impulse Response
Fc/Fs=0.8

3

Time (/T)

4

Because

impulse

20% exc|

Figure 7.6-7 - In-phase and Quadrature Impulse Response of the transmit filters
(example for 51.84 Mbit/s downstream bit rate with {fs=0:8).

filter in a|4 times oversampling implementation).

7.6.1.5.3.2 Transmitted Signal Power Spectrum

of the transmit filters’ impulse response being an infinite time response (finite bandwidth), the actual
esponses of the transmitter will be an approximation of the ahove’equations over a fixed inferval. For a
bss bandwidth system, a filter span of [-4T,+4T] (informative value) can be considered adedquate (32 taps

The Network Device Active Output interface shall have a power spectrum equivalent to the square rpot of a
raised-cgsine shaping with symbol frequengygénter frequency.fand 20% excess bandwidth.

The sym
Table 7-4.

Table 7-4 - Downstream spectrum allocation.

pbol frequency and the center frequency depend upon the bit rate setting and shall comply t@ the values in

Downstream
Bit rate Bit rate Symbol rate| Lowest freq.| Center freq.| Highest freq.| c/s ratio roll-off
setting Mbit/s fg fi fc Fh folfg o
A 51.84 12.96 11.6640 19.4400 27.2160 1.50 0.20
B 51.84 12.96 2.5920 10.3680 18.1440 0.80 0.20
C 25.92 6:48 2.5920 6.4800 10.3680 1.00 0.20
D 12.96 3.24 2.5920 4.5360 6.4800 1.40 0.20
The trangmitted signal power spectrum, as measured at the Active Output Interface of the network device, shall

meet thel power:spectrum template (as defined in Table 7-5) with lower and upper limits for attenuatipn at several

points in
shall be

hpplied.

the downstream signal bandwidth (as defined in Table 7-4). In-between these points, linear|interpolation

The power spectrum template puts requirements on the implementation accuracy of the square-root raised cosine
20% roll-off filters and the analog filtering. The power spectrum template is defined as a function of the
normalized frequency X,

where

18 DAVIC 1.3.1a Part 8 (1999)
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Table 7-5 - Downstream power spectrum template.

Normalized Spectral Lower Theoretical Spectral Upper
frequency x Bound Value Bound
<-1-50/2 NA NA -50 dB
-1-20, NA NA -40 dB
-1-30/2 NA NA -40 dB
-1-o NA NA -30 dB
-1-0/2 -10.0 dB -8.3dB -7.0dB
-1 -4.0 dB -3.0dB -2.0dB
-1+a/2 -1.7 dB -0.7 dB +0.3 dB
-1+a -1.0dB 0dB +1.0dB
0 -1.0 dB 0dB +1.0dB
+1 -1.0dB 0dB +1.0.dB
+1-a/2 -1.7 dB -0.7 dB +0,3 dB
+1 -4.0 dB -3.0dB -2.0 dB
+1+a/2 -10 dB -8.3dB -7.0 dB
+1+0, NA NA -30 dB
+1+30,/2 NA NA -40 dB
+1+20. NA NA -40 dB
> +1+50/2 NA NA -50 dB

Note: NA means the value is not applicable.

group delay distortion seen at the Active Output.nterface, which is introduced on the dowr]
network device analog output stage, shall be lower than 1/2 symbol period. This assumes t
prtion is attributed to the analog filters only.

1.5.3.3 Transmitted Signal Power Leyel

inimum and a maximum network device output power is defined.
network device total output power spectrum density, measured over the spectrum mask d¢
| be lower than the maximum-value of +15dBm.
network device total output\power spectrum density, measured over the spectrum mask d¢
| be higher than the minimum value of -15dBm.

e network device is driving copper pairs, the test load shall consist of a single-QX¥% resistor

acitance shall be less than 2pF.

e network device is driving coax, the test load shall consist of a sinQle073% resistor. For freg
than 100-MHz, the series inductance of the resistor shall be less than 20nH and the parallg
ess than'2pF.

1.5/3.4 Transmitter Return Loss

stream signal by
hat the delay

fined in Table 7-4,
fined in Table 7-4,

For

uencies less than(100 MHz, the series inductance of the resistor shall be less than 20nH and the parallel

uencies
| capacitance shall

The Active Output Interface Return Loss specifies the amount of differential signal incident (for copper pair and
coax) upon the AOI that is reflected.

RL= 20Io4
Z

Z +Z

L

where Z is the termination impedance angiZ the characteristic impedance of the wiring.
More information about Return Loss can be found in [ITU-T G.117], section 4.1.1.

The AOI return loss, measured at the active output interface of the network device shall be at least 16 dB in the
passband and at least 8 dB in the transition band of the downstream signal bandwidth as defined in Table 7-4. The
network device AOI return loss mask is shown in Figure 7.6-8.
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The return loss shall be measured for a resistive test load range8&f @ 1352 when driving copper pairs and
Zc=65 to 850 when driving coax. The return loss shall be measured while the implementation of the PMD
sublayer is powered.

A Return Loss

16 dB
”””””” Y/
8 dB
”””” /2 Y //////
0 dB ‘ Freq
.
FC-U.6FS  Fc-0.4FS FC FcF U.4FS FcT+ U.6FS

Figure 7.6-8 - Return loss mask of the network device AOI.

Note: The termination impedance of the network device must be chosen such that the return loss requirement is
met over|the specified impedance range. However, this does not preclude the use of cabling with a higher
impedange tolerance.

7.6.1.5.3.5 Transmitter Signal Balance

This section only applies when the AOI of the network device is driving copper pairs.
OSB is g measure of unwanted longitudinal signals at the output of the-network device. The longitudinal output
voltage ((Vcm) is monitored to the differential output voltage (Vdiff), while the generator in the devicelis active.

V..
OSB=20 |04ﬂ

cm

The OSH, measured at the active output interface of the hetwork device shall be minimum 40 dB ovér the
frequendy range equal to the downstream signal bandwidth as defined in Table 7-4. The OSB shall Ipe measured in
accordarnce with [ITU-T G.117] and [ITU-T O.9].

7.6.1.5.4 Receive Functionality

The recdiver decodes the incoming signal stream received from the user device Active Input Interfage and
converts|it into an equivalent bit stream for presentation to the TC sublayer.
The recgiver shall require no more than 500 ms to reach a state that achieves the BER specified in [section 7.6.1.2
from the ftime presented with a.valid signal transmitted through the cable plant specified in sections 7.6.1.8,

7.6.1.9,7.6.1.10 and 7.6.1.11%

7.6.1.5.5 Decoding

The decgding procéss shall be matched to the encoding process:
¢ | constellation

7.6.1.5.6 WUser Device Active Input Interface

This section specifies the
e impulse response for the receive filters
e received signal power level
e receiver return loss

7.6.1.5.6.1 Impulse Response for the Receive Filters

The receive filters shall be matched to the transmit filters to avoid intersymbol interference.
The receive filters shall have the same impulse response as the transmit filters.
The receive filters shall have the same excess bandwidth as the transmit filters.
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1.5.6.2 Received Signal Power Level

A minimum user device input power is defined.
The user device total input power spectral density, measured over the spectrum mask in Table 7-4, shall be at least
-35dBm.
If the user device is driven from copper pairs, the test load shall consist of a sirn@te012% resistor. For
frequencies less than 100 MHz, the series inductance of the resistor shall be less than 20nH and the parallel
capacitance shall be less than 2pF.
If the user device is driven from coax, the test load shall consist of a sify® .26 resistor. For frequencies

less than 100 MHz, the series inductance of the resistor shall be less than 20nH and the parallel capacitance shall
be less than 2pF.
A downstream total power spectrum density, measured over the spectrum mask defined in Table 7-4, of -20dBm
(informative value) at the home side of the network termination (home boundary) is considered appropriate.

7.6

The
the
The

coalx) upon the All that is reflected.

whd
Mo
The
pag
use
The
Zc:
sub

1563 Rcbcivcl Rciunl LUDD
Return Loss of the user device Active Input Interface specifies the amount of differentialysi

All that is reflected.
Active Input Interface Return Loss specifies the amount of differential signal incident (for ¢

RL= 20I04ﬁ‘
Z -2 ,

re 4 is the termination impedance angig the characteristic impedance of the wiring.

e information about Return Loss can be found in [ITU-T G.11¥;section 4.1.1.

All return loss, measured at the active input interface of the user device shall be at least 1
sband and at least 8 dB in the transition band of the downstream signal bandwidth as defin
r device All return loss mask is shown in Figure 7.6-9:

return loss shall be measured for a resistive test g=tbZ0 13%2 when driven from copper pa
65 to 852 when driven from coax. The return loss.shall be measured while the implementati
ayer is powered.

A Return Loss

16 dB
"""""" L/
8 dB
"""" /2 Y //////
0 dB ‘ j Freq
-
Fe-0.6Fs Fc-0.4Fs Fc Fc+ 0.4Fs Fc+ 0.6Fs

Figure 7.6-9 - Return loss mask of the user device All.

No
ov

: Thetermination impedance of the user device must be chosen such that the return loss T
thé specified impedance range. However, this does not preclude the use of cabling with a

jnal incident upon

bpper pair and

b dB in the
pd in Table 7-4. The

rs and
pn of the PMD

equirement is met
higher impedance

tolée’

7.6

ariccc,

.1.6 Upstream QPSK Modulation

This PMD sublayer specification uses the Quadrature Phase Shift Keying Modulation (QPSK) technique to
provide bit transmission capability and bit timing in the upstream direction (from the user device to the network
device).
The sublayer includes functions to generate and receive waveforms suitable for the media, and the insertion and
extraction of symbol timing information. The implementation of the PMD sublayer receives a byte stream from

the TC sublayer, encodes and transmits the signal to the adjacent PMD sublayer. The receiving implementation of
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the PMD sublayer decodes the signal and delivers it as a byte stream to the TC sublayer. These operations are
described below.

7.6.1.6.1 Transmit functionality

The PMD sublayer shall be comprised of transmit functionality obtained from the blocks shown in Figure 7.6-10.
Any implementation that produces the same functional behavior at the network device Active Output Interface is
equally valid. The transmit function encodes the byte stream received from the TC layer into an equivalent QPSK
encoded symbol stream and then into a modulated signal for presentation to the media at the user device Active

Output Interface.
| _D Transmit _D%
n Filter

cac =k
Data S mbol | | U9 T Band .
Input D Ezcoder - fC oscillator Pass _D Signal
P sin Filter Output

Q Transmit
" Y Fitter —[)%—

Figure 7.6-10- Block diagram of digital QPSK transmitter functionality.

The sympol stream from the encoder is divided into two patasd Q, where h,designates th& symbol
period. Tlhe two symbol streams are sent to pulse-shaping half-Nyquist-ilters before quadrature modulation of the
I and Q gignal. The output of the cosine modulator and the negative ‘of the output of the sine modulafor are
summed|into a single signal, the result passed through a band-pass-ilter, and then transmitted onto|the media.

7.6.1.6.2] Encoding

The ampllitudes of the Bnd Q components in the QPSK constellations shall maintain the relative value 1, with a
tolerancg oft0.06 relative to this value, as depicted in the constellation diagram of Figure 7.6-12.
For operftion at 19.44 Mbit/s, the encoding used shall be the QPSK code with a symbol rate equal tp 9.72 Mbaud.
For operftion at 1.62 Mbit/s, the encoding used shall be the QPSK code with a symbol rate equal t0[{0.81 Mbaud.
For QPSK, the encoder shall map two data bitsdinto a symbol as shown in Figure 7.6-11. Bytes shall be mapped
from the [PMD sublayer data input (TC sublayer data output) into four two bit symbols. The first bit oyt of the

PMD sublayer data input into a given symbol shall be b0.

£ increasing time_D

Isb msh | TC layer
[ 1 byte alignment

bo[ b1 bO[ blf bgd by bd bl bp bl BHO QJ1bO

\I/\I/\I/\I/

symbol symbol symbol symbol
n n+1 n+2 n+3

Figure 7.6-11- Byte-to-symbol mapping for QPSK.
As an example of the byte-to-symbol mapping, the | and Q values for the ramp-up, preamble and sync bytes are

shown in Table 7-6. These bytes have fixed values, as defined in section 7.6.2.2.3. Therefore, the symbol
sequence as shown in Table 7-6 is always present at the start of each upstream frame.
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Table 7-6 - Mapping of Ramp-up, Preamble and Sync bytes into QPSK symbols.

Symbol n Symbol n+1 Symbol n+2 Symbol n+3 Byte valug
I Q I Q I Q I Q (hex)

Ramp-up 1 1 1 1 1 1 1 -1 40H
Preamble 1 1 1 1 -1 1 1 1 -1 44H
Preamble 2 -1 -1 -1 1 1 1 1 -1 4BH
Preamble 3 -1 -1 1 -1 -1 -1 1 -1 77H
Sync 1 -1 -1 -1 1 1 1 1 -1 4BH
Sync 2 -1 -1 1 -1 -1 -1 1 -1 77H

For QPSK, the signal constellation shall be as shown in Figure 7.6-12.
Each incoming group of 2 bits b(0..1) shall be encoded into a QPSK symbol. The relative levels of the amplitude
of the symboals in each dimension shall correspond to the leYelfhe output symbols In and Qn shall be

generated from the bits b0 and b1 as shown in Figure 7.6-12.

Qn
01 . |+ o 00¢— bO bl
-1I I+1 |
| | n
° —+ ®
11 \# 10

Figure 7.6412 - QPSK signal constellation.

7.6]1.6.3 User Device Active Output Interface

This section specifies the

e impulse response for the transmit filters

e transmitted signal power spectrum

e transmitter-sighal power level

e transmitter-ramp-up and ramp-down timing
e transmitter return loss

e transmitter signal balance

7.6]1.6.3.1 Impulse Response for the Transmit Filters
The-tim

gEn by:

sin[:_t (- )]+ “To‘tcosg 0+ )]

9(t) = -
T
The impulse response of the transmit filters shall use an excess bandwidth 28 for bit rate setting A and

o=0.5 for bit rate settings B, C and D (see Table 7-7 and Table 7-8). In the lattera8g, the square-root
raised-cosine pulse is therefore defined as (Figure 7.6-13):

-2
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where T

2t 3
(?) COS@E )

RGN

sin(z_t )+

t
(7

a(t) =

is the symbol period.

1.25 -

Sqrt Raised Cosine
Impulse Response

Normalized Amplitude

75 T alptta=05

0.25 +

[en]

-0.25 - Time (UT)

1T

The outp

with 1, ar
Because)
impulse

50% exc|
(16 taps

7.6.1.6.3

The Use
cosine s
The sym
comply t

Figure 7.6-13 - Sqrt Raised Cosine Impulse Response g(t) of de0.5 transmit filter.

ut signal shall be defined as
S(1) :Z[ I, e g t—nT)ecas@zft)— Qe gt nTe sin@r f 9]

d Q equal to £1, independently from\each other, artldef QPSK modulator’s center frequency.
of the transmit filters’ impulse response being an infinite time response (finite bandwidth), t
esponses of the transmitter will be an approximation of the above equations over a fixed in
pss bandwidth QPSK system; a filter span of [-2T,+2T] (informative value) can be considerg
filter in a 4 times oversanipling implementation).

.2 Transmitted SignalPower Spectrum

Device Active QOutput interface shall have a power spectrum equivalent to the square root
paping with symbol frequengyhd center frequency. f
bol frequeney, the center frequency and the excess bandwidth depend upon the bit rate set|
h the values'in Table 7-7 and Table 7-8. The upstream signal can be transmitted in the lows

he actual
erval. For a
d adequate

Df a raised-

ling and shall
r part of the

spectrunp (belew the downstream signal) or in the higher part of the spectrum (above the downstreain signal).

Table 7-7- Upstream Spectrum Allocation (higher frequencies)

Profile Upstream in Higher Frequencies (above Downstream)
Bit rate Symbol rate| Lowest freq.| Center freq.| Highest freq.| c/s ratio roll-off
Mbit/s fg fi fe fy fo /g o
A 19.44 9.24 32.3190 38.8800 45.441( 4.00 0.35
B 1.62 0.81 22.0725 22.6800 23.287% 28.00 0.50
C 1.62 0.81 12.3525 12.9600 13.567% 16.00 0.50
D 1.62 0.81 7.4925 8.1000 8.7075 10.00 0.50
24  DAVIC 1.3.1a Part 8 (1999)

© ISO/IEC 1999 - All rights reserved


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

Table 7-8 - Upstream Spectrum Allocation (lower frequencies)

Profile Upstream in Lower Frequencies (below Downstream)
Bit rate Symbol rate| Lowest freq.| Center freq.| Highest freq.| c/s ratio roll-off
Mbit/s fS f| fC fh fC/ fS o
A - - - - - - -
B 1.62 0.81 0.6075 1.2150 1.8225 1.50 0.50
C 1.62 0.81 0.6075 1.2150 1.8225 1.50 0.50
D 1.62 0.81 0.6075 1.2150 1.8225 1.50 0.50

The transmitted signal power spectrum, as measured at the Active Output Interface of the user device, shall meet
the power spectrum template (as defined in Table 7-9) with lower and upper limits for attenuation at several
points in the upstream signal bandwidth (as defined in Table 7-7 or Table 7-8). In-between these points, linear
interpolation shall be applied. The power spectrum template shall also be met during ramp-up and ramp-down of

the [bursty upsiream transmitter.
Thg power spectrum template puts requirements on the implementation accuracy of the squarg-root raised cosine
filtefs and the analog filtering. The power spectrum template is defined as a function of the’noripalized frequency
X,
f—f,
where fo/2
Table 7-9 - Upstream power spectrum template.
Normalized Spectral Lower Theoretical Spectral Upper
frequency x Bound value Bound
<-1-50/2 NA NA -50 dB
-1-20, NA NA -40 dB
-1-30/2 NA NA -40 dB
-1-o NA NA -30 dB
-1-0/2 -10.0dB -8.3dB -7.0dB
-1 -4.0 dB -3.0dB -2.0dB
-1+a/2 -1.7 dB -0.7 dB +0.3 dB
-1+o -1.0dB 0dB +1.0dB
0 -1.0.dB 0dB +1.0 dB
+1-o 1.0 dB 0dB +1.0dB
+1-a/2 -1.7 dB -0.7 dB +0.3 dB
+1 -4.0 dB -3.0 dB -2.0 dB
+1+0/2 -10 dB -8.3dB -7.0dB
+1+o NA NA -30 dB
+1+36/2 NA NA -40 dB
+1420, NA NA -40 dB
>#1+50/2 NA NA -50 dB
Note: NA means the value is not applicable.
Theg group,delay distortion seen at the Active Output Interface, which is introduced on the upstream signal by the
user device analog output stage, shall be lower than 1/8 symbol period. This assumes that the delay distortion is
attributed-to-the-analogfilters-only.

7.6.1.6.3.3 Transmitter Power Level

A minimum upper bound of the user device output power range is defined.

The upper bound of the user device total output power spectrum density range, measured over the spectrum mask
defined in Table 7-7 or Table 7-8, shall be equal to +15dBm (active transmitter).

The mechanism to adapt the user device output power to the loop characteristics is described in the TC layer
section.

During the guard time (as defined in section 7.6.2.2.3), the user device’s bursty transmitter shall have a total
output power spectrum density less than -40dBm, measured over the spectrum mask defined in Table 7-7 or Table
7-8 (silent transmitter).
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If the user device is driving copper pairs, the test load shall consist of a sinG€Q12% resistor. For

frequencies less than 100 MHz, the series inductance of the resistor shall be less than 20nH and the parallel
capacitance shall be less than 2pF.

If the user device is driving coax, the test load shall consist of a sin@te078% resistor. For frequencies less

than 100 MHz, the series inductance of the resistor shall be less than 20nH and the parallel capacitance shall be
less than 2pF.

An upstream total power spectrum density, measured over the spectrum mask defined in Table 7-7 or Table 7-8,
of 0 dBm (informative value) at the premises side of the network termination (premises boundary) is considered
appropriate.

7.6.1.6.3.4 Transmitter Ramp-up and Ramp-down Timing

Ramp-up shall be defined as the transition from silent to active transmitter.
Ramp-down shall be defined as the transition from active to silent transmitter.
The ramp-= f f i 6727251 f = ; ing to the byte-
to-symbgl mapping shown in Figure 7.6-11. Ramp-up of the transmitter shall be performed in the-time period
necessary for the transmission of the first, second and third ramp-up symbol. Before the first ramp-up symbol, the
transmitter shall be silent. During and after the fourth ramp-up symbol, the transmitter shall be“activg (see Figure
7.6-14).
The ramp-down byte as defined in section 7.6.2.2.3, is mapped into 4 QPSK ramp-down-symbols, according to
the byte-to-symbol mapping shown in Figure 7.6-11. Ramp-down of the transmitter,shall be performed in the time
period n¢cessary for the transmission of the second, third and fourth ramp-down symbol. Before and during the
first ramp-down symbol, the transmitter shall be active. After the fourth ramp-down symbol, the trangmitter shall
be silent|(see Figure 7.6-14).

Output Amplitude Range

™ Ramp-up byte| Preamble, Sync, Header;}* Ramp-down byte
(4 symbols) Payload and FEC (4 symbols)
L~ \\
J/ N
N T e | 1
[ st )
' 3T N T % 280T N T ', 3T N
N 7 N 77 N 7
Ramp-up time Burst Period ' Ramp-down time
L, Active Transmitter Period N
AN 7

Figure 7.6-14 - Ramp-up and Ramp-down Timing.

7.6.1.6.3.5 Transmitter Return Loss

The ActiyeQutput Interface Return Loss specifies the amount of differential signal incident (for copper pair and
Coax) upbn the AQIl that is reflected

RL= 20|04ﬁ‘
ZL - ZC ,

where Z is the termination impedance anglig the characteristic impedance of the wiring.

More information about Return Loss can be found in [ITU-T G.117],section 4.1.1.

The AOI return loss, measured at the active output interface of the user device shall be at least 16 dB in the
passband and at least 8 dB in the transition band of the upstream signal bandwidth as defined in Table 7-7 or
Table 7-8. The user device AOI return loss mask is shown in Figure 7.6-15.
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The return loss shall be measured for a resistive teg=85%40 13%2 when driving copper pairs ang=z65 to
850 when driving coax. The return loss shall be measured while the implementation of the PMD sublayer is

powered.
A Return Loss
16 dB
/1TNIT77
8 dB
/777TT77777/ /1177177777
0 dB 1 I Freq
.
FC-U.75FS FC-U.Z5FS FC FC+ U.2Z5F5 FCF U.75F5
Figure 7.6-15 - Return loss mask of the user device AOI.
7.6]1.6.3.6 Transmitter Signal Balance
This section only applies when the AOI of the user device is driving copper pairs.
OSB is a measure of unwanted longitudinal signals at the output of the network device. The lor

volt

The
tot
with
7.6
The
Inte
7.6
The

7.6
Thi

7.6

pge (Vem) is monitored to the differential output voltage (Vdiff), whiléthe generator in the d

Vdiff

cm

OSB, measured at the output of the network device shall be minimum 40 dB over the freqy
e upstream signal bandwidth as defined in Table 7<7 or Table 7-8. The OSB shall be meas
[ITU-T G.117] and [ITU-T O.9].

1.6.4 Receive Functionality

QPSK receiver decodes the incoming QPSK signal stream received from the network devi
rface and converts it into an equivalentbit stream for presentation to the TC sublayer.
1.6.5 Decoding

decoding process shall be:matched to the encoding process:

e QPSK constellation
1.6.6 Network Device Active Input Interface

b section specifies’the
e impulse-response for the receive filters
e receiver return loss

1.6.6.1" Impulse Response for the Receive Filters

The

gitudinal output
bvice is active.

ency range equal
ured in accordance

ce Active Input

receive filters shall be matched to the transmit filters to avoid intersymbol interference.

The receive filters shall have the same impulse response as the transmit filters.
The receive filters shall have the same excess bandwidth as the transmit filters.

7.6.

1.6.6.2 Receiver Return Loss

The Return Loss of the network device Active Input Interface specifies the amount of differential signal incident
upon the All that is reflected.
The Active Input Interface Return Loss specifies the amount of differential signal incident (for copper pair and
coax) upon the All that is reflected.
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RL= 20I04ﬁ‘
ZL - Zc ,

where Z is the termination impedance anglig the characteristic impedance of the wiring.

More information about Return Loss can be found in [ITU-T G.117],section 4.1.1.

The All return loss, measured at the active input interface of the network device shall be at least 16 dB in the
passband and 8 dB in the transition band of the upstream signal bandwidth as defined in Table 7-7 or Table 7-8.
The network device All return loss mask is shown in Figure 7.6-16.

The return loss shall be measured with a resistive test load of Zc=85ont85 driven from copper pairs and
Zc=65 to 8% when driven from coax.. The return loss shall be measured while the implementation of the PMD
sublayer is powered.

A Return Loss

16 dB

77777777777777777 e
8 dB

7777777 /777777777 T o
0 dB 1 I Frﬂ

Fc-0.75Fs Fc-0.25Fs Fc Fc+ 0.25Fs Fc+\0:75Fs

Figure 7.6-16 - Return loss mask of the network-device All.

7.6.1.7 |Media Interface Connectors

At the uder device, copper pairs shall be terminated with asMedia Interface Connector as specified in Section 4
and Figure 1 of [ISO 8877]. This connector is an 8-pin Modular Plug RJ45-8 and shall meet or exceqd the
[ISO/IEQ 11801] Category 3 or higher copper pair connecting hardware. An example of a Media Intdrface
Connectpr Modular plug is shown in Figure 7.6-17:

8
67
5
34
12

Figure 7.6-17 - Example of a MIC Modular Plug.

The JacK/Socket shall be a connector as specified in Section 4 and Figure 2 of [ISO 8877]. The conpector
hardwarg used within this implementation of the PMD sublayer shall be an unshielded 8-contact jack and meet or
exceed the electrical requirements o ategory 3 or higher copper pair. An exampie of a Media

Interface Connector Jack is shown in Figure 7.6-18.
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21
\ 6543
87

Figure 7-6-18=Exampteof aCJack:

Thd pins 4 and 5 of the RJ45-8 shall be used to connect the copper pairs, according to the\[ISQ/IEC 11801] pair
grouping and pin assignment recommendation (see Figure 7.6-19).
WhEn shielded copper pairs are used to connect the user device, the Media Interface'Connect¢r shall be shielded.
However, the Jack/Socket shall not be shielded to avoid ground loops.

Signal at the us
Contagh device MIC jacK
/\ unused
unused
I

| | | | | unused

TX/RX +

1 2 3 4 5 6 7 8 TX/RX -
unused
unused
unused

D
=

JACK POSITIONS

O ~NO O WNA

Figure 7.6-19 - Eightyposition jack pin and pair assignments
(This illustrationds a front view of the jack connector).

A uper device shall connect to coaxialcable using the F-type connector. The Media Interface Clonnector shall be
of the male F-type. The Jack/SockKet shall be of the female F-type.

7.6]1.8 Reference loops

Thq following referengeyleops (including copper pair and coax parts) define limiting conditions fpr the application
of the Physical Interface (PMD and TC sublayer).
In gase the Physical-Medium is copper pairs, sections of multi-pair distribution cable shall be agsumed to be 100%
filleg with UTR systems carrying the Physical Interface signals. These Physical Interface signalg shall all be
conveying the )same data-rate (see section 7.6.1.1).
Theg referénce loops are made up of two parts:

o~ The outside plant distribution cable section
o The in-premises distribution cable section

7.6.1.8.1 Reference Loop for Copper Pair outside plant distribution section

The reference loop shall be defined as the concatenation of the following elements:
a) 70m overhead non-twisted copper pair 0.5 mm drop-wire
b) 30m underground 5 pair 0.5 mm distribution cable
¢) 170m 20 pair 0.5 mm distribution cable

Note: 0.5 mm is approximately equivalent to 24 AWG
0.4 mm is approximately equivalent to 26 AWG

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) 29


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

The 0.5 mm non-twisted copper pair drop wire shall be characterized by R,L,G,C characteristics in Table 7-10
under the heading DW10.

All sizes of 0.5 mm distribution cable shall be characterized by R,L,G,C parameters in Table 7-11 under the
heading DWUG.

A graphical representation of the propagation loss on the outside copper pair reference loop (200 m DWUG cable
and 70 m DW10 cable) is given in Figure 7.6-20.

PROPAGATION LOSS ON THE OUTSIDE REFERENCE LOOP

Prop Loss (dB)
(=Y

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1617 18 19 20
Frequency (MHz)

Figure 7.6-20 - Propagation loss on the outside copper-pair reference loop.
(Source: British Telecom)

The cable balance of the aerial drop wire shall be no better than’ 30dB.
The Equgpl-Level far-end crosstalk (EL-FEXT) shall be chatacterized as:

(49/ N)™®

EL - FEXT=10log
¥t 2d

Wwith N equal to the number of disturbers (N<50)

¥ constant equal to 2.623x10

f equal to the frequeney:in MHz

and d equal to the logp tength in meters

Figure 7J6-21 shows the theoretical-definition of EL-FEXT. Assume that the two sine-wave generatofs both

transmit fhe same sine-wave.with the same frequency f and amplitude V.

Cable

/\ \
A I R
Pair i FEX, « X
®© \/ - / VA

Figure 7.6-21 - lllustration of pair-to-pair FEXT.
Two signals appear at the end of the copper pair i. One is an attenuated version of the sine-wave transmitted on

pair i and has amplitudesVThe other is the interfering FEXT sine-wave from pair j with amplitudéNith N
interfering pairs, the EL-FEXT power sum loss is defined as:
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V2 N
EL- FEXT=— with 7 =) \?
V)< j:1

A graphical representation of the EL-FEXT on the outside copper pair reference loop (170m 20-pair cable and
30m 5-pair cable) is given in Figure 7.6-22.

EL-FEXT ON THE OUTSIDE REFERENCE LOOP

(dB)

EL-FE

10

0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

Frequency (MHz)

Figure 7.6-22 - EL-FEXT on the outside copper_pair reference loop.

7.6/1.8.2 Reference Loop for Coax outside plant distribution section

Theg reference loop shall be defined as a single sectign of 100m coaxial cable of type RG59.
Thq cable loss at 600 MHz shall be less than 23 dB*/100 meters.

7.6]1.8.3 Reference Loop for Coax in-premises distribution

Thig section only applies to in-home distribution over coax.

A fifst reference loop shall be defined as\(see Figure 7.6-23)

e 30m coax terminated by.user device

RF 1:2 splitter at 10mfrom entry point - terminated by user device at 10m
RF 1:2 splitter at-20m from entry point - terminated by user device at 10m
Any combination of 2 out of 3 user devices can be disconnected, leaving open-ended stubs.
Bounce free.connecting or disconnecting of a user device shall not cause a frame $ync loss to the
other uset devices (see section 7.6.2.1.4).

- premises boundary

S S
10m A 10m — 10m user
YT = device
10m 10m
user user
device device

Figure 7.6-23 - In-premises coax reference loop 1.

A second reference loop shall be defined (see Figure 7.6-24)

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) 31


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

RF 1:4 splitter at 10m from entry point

First splitter outlet terminated by user device at 10m

Second splitter outlet terminated by user device at 20m

Third splitter outlet terminated by user device at 30m

Fourth splitter outlet terminated by user device at 30m

Any combination of 2 out of 4 user devices can be disconnected, leaving open-ended stubs.
Bounce free connecting or disconnecting of a user device shall not cause a frame sync loss to the
other user devices (see section 7.6.2.1.4).

' premises boundary

S
~  10m User
device
20m
‘ user
ﬂ?_ device
) 30m user
device
30m
[ | user
device

Figure 7.6-24 - In-premises coax reference foop 2.

For both|reference loops, the coax cable characteristics shall be\of the RG6 type.

The labeg]s “input port” and “output port” shall be defined as applicable to the downstream signal.
The coax splitters in the first reference loop shall exhibit an,insertion loss (input to output port and vife versa) less
than 4 dB, measured on an RMS basis for each of the different bit rate settings, as shown in Table 7-4 and Table
7-7.
The coax splitter in the second reference loop shallexhibit an insertion loss (input to output port and]vice versa)
less thar] 8 dB, measured on an RMS basis for each of the different bit rate settings, as shown in Table 7-4 and
Table 7-7.
Each of the coax splitters in both reference_loops shall exhibit a notch of 15 dB depth in absolute prgpagation loss
at any cgnter frequency in the 1.5 to 4.5 MHz range.
The coax splitters in both reference loeps shall have a port-to-port isolation between output ports of at least 3.0dB
in the rapge of 1 to 5 MHz and of at'least 12.0 dB in the range of 5 to 40 MHz.
The input port of the coax splitters'in both reference loops shall have a return loss complying to the feturn loss
definitior] of the Active Input Interface of the user device (Figure 7.6-9).
The output ports of the coax splitter in both reference loops shall have a return loss complying to thq return loss
definitior] of the Active Input Interface of the network device (Figure 7.6-15).
The retufn loss of a portshall be measured with the other ports properly terminated. The test load shall consist of
a single Y9+0.2% resistor. For frequencies less than 100 MHz, the series inductance of the resistor shall be less
than 20nH and thie_parallel capacitance shall be less than 2pF.

7.6.1.8.4 Reference Loops for Copper Pair in-premises distribution

This section only applies to in-home distribufion over copper pairs.
The reference loop shall be defined (see Figure 7.6-25)
e RF 1:4 splitter implemented in the Network termination (NT)
4 point-to-point copper pairs in-premises
First splitter outlet terminated by user device at 10m
Second splitter outlet terminated by user device at 20m
Third splitter outlet terminated by user device at 30m
Fourth splitter outlet terminated by user device at 30m
Any combination of 2 out of 4 user devices can be disconnected, leaving open-ended stubs.
Bounce free connecting or disconnecting of a user device shall not cause a frame sync loss to the
other user devices (see section 7.6.2.1.4).
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measurement shall be performed in the presence of white Gaussian noise at the receiver input

NT
S |
Lo user
‘ device
_20m user
| o ;
coax or ‘ device
copper pair | 30m user
C‘ COOCOOO (evice
_30m user
- R @ > o) IRINRTINA
} UTVIUT
Figure 7.6-25 - In-premises copper pair reference loop.

copper pairs shall have characteristics of the Category 3 type, as defined inJISO/IEC 1180
labels “input port” and “output port” shall be defined as applicable to the,downstream signg
copper pair splitter in the reference loop shall have a port-to-port isolation between output
pver the downstream and upstream frequency range as defined in Table 7-4, Table 7-7 and
copper pair splitter in the reference loop shall have an insertion loss*(input to output port a
h 8 dB, measured on an RMS basis over the downstream and upstream frequency range ag
able 7-7 and Table 7-8.

input port of the copper pair splitter shall have a return loss eomplying to the return loss de
ve Input Interface of the user device (Figure 7.6-9).

output ports of the copper pair splitter shall have aéturn loss complying to the return loss
\ve Input Interface of the network device (Figure 7.6+15).

return loss of a port shall be measured with the sther ports properly terminated. The test Ig
shall consist of a single 1280.2% resistor. The test load for a coax port shall consist of a si
stor For frequencies less than 100 MHz, thé series inductance of the resistor shall be less t
hllel capacitance shall be less than 2pF.

1.9 Rates and Reach

Profiles A, the all-coax referenceloop applies (100 m drop + 30 m in-home). For profiles B
tream signal in the higherfrequencies, any mix of the outside coax or twisted-pair refers
e coax or twisted-pair reference loop applies. For profiles B, C and D with the upstream

uencies, any mix of the eutside coax or twisted-pair reference loop with the inside twisted-
lies. The all twisted-pair reference loops is 270 m drop + 30 m in-home.

5 shall be confirmed-by measuring at least 6 dB margin at a bit error rate after error correctit

1].
l.
ports of at least 25
Table 7-8.

nd vice versa) less
defined in Table 7-

finition of the
definition of the

ad for a copper pair
Qe07B%
nan 20nH and the

C and D with the
bnce loop with the
signal in the lower
bair reference loop

DT bE 10
with power spectral

density of -140-dBm/Hz.

7.6{1.10.<impulse Noise

Thq implementation of the PMD sublayer of the Physical Interface shall recover without operatgr intervention
whenr-subjectedto-a-0-5l-mpise-reise-fastiransient-as-deserbedHrtevel 2o HES8634} The

implementation of the PMD sublayer shall be tested using the methods described in [IEC 801-4].

7.6.

7.6.

1.11 Electromagnetic Compatibility

1.11.1 Regulatory

The Physical Interface implementation shall meet regional regulatory constraints (e.g. FCC, ETSI).
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7.6.1.11.2 Additional Susceptibility Constraints

The receiver shall meet all of the performance requirements set forth in this international standard in presence of a

single interference signal with -14 dBm average power in the internationally agreed Ham radio bands as defined
in the radio regulations [ITU RR8].

The interference signal shall have the following characteristics:
e Intermittent 5 sec on 10 sec off.

Modulated with CCITT speech weighted noise interrupted at the syllabic rate with 1:3 on/off ration.

The resultant base-band signal is band-limited to 4 kHz with 6 dB/octave pre-emphasis in-band.
e The center frequency shall change by at least 50 kHz every 2 minutes.
To meet the international standard in presence of higher power interferences, it might be necessary to choose

appropriate wiring or to include additional equipment between the network device and the user device such as a
common mode rejecter or a null inserter.

Fapte 7-10—=Ciaracteristics of 0.5 T U TP tropwites
Source: BT contribution TD55 of TM3 meeting in Rome in October 1994
DW10
(kHz) R (€/km) L (uH/km) C (nF/km) G (mS/km)
E 191 724.63 74.72 0.13
10 191 721.82 72.89 0.92
50 195 707.05 69.15 0.99
100 207 694.78 67.75 1.70
500 342 648.79 64.88 673
1000 475 624.65 63.81 12.19
%000 1056 578.22 61.62 48.34
10000 1493 565.74 60.79 87.50
20000 2112 557.33 60.03 158.39
30000 2586 553.87 59.61 22412
Table 7-11 - Characteristics of 0.5mm distribution cables
Source: BT contribution TD55 of VI8 meeting in Rome in October 1994
DWUG
f(kHz) R ©/km) L (LH/K&m) C (nF/km) G (mS/km)
L 179 694\81 55.43 0.003
10 179 694.56 55.40 0.007
50 183 692.06 55.34 0.036
100 193 688.47 55.32 0.073
%00 316 661.64 55.27 0.385
1000 438 640.00 55.25 0.789
%000 974 598.93 55.21 4.16
10000 1376 591.53 55.20 8.51
20000 1947 587.94 55.19 17.42
30000 2384 586.83 55.18 26.48
7.6.2 Transmission Convergence (TC) PHY Sublayer Specification
The Transmission Convergence (TC) Sublayer deals with physical aspects which are independent df the
transmisStommedivmcharacteristics—vostof the—functions compr ibillg theT€ bu'uiaycl areinvotved with

generating and processing the overhead bytes contained in the data framing, as described in this section. The
network device data framer maps ATM cells together with overhead data into downstream data frames for

continuous downstream transmission. The user device data framer maps a single ATM cell together with overhead
data into upstream data frames for bursty upstream transmission.
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7.6.2.1 The Downstream Data Frame Format

7.6.2.1.1 Building a Downstream Frame

The downstream data frame format shall be as shown in Figure 7.6-26. The frame length shall be 810 bytes. The
frame shall consist of header bytes and payload bytes. The frame payload shall consist of an integer number of
Reed-Solomon code words. Each Reed-Solomon code word shall consist of ATM bytes and forward-error-
correction (FEC) bytes. ATM bytes shall be mapped into the RS code words in the order they are passed from the
ATM layer to the TC layer. No ATM cell alignment shall be considered in respect to the RS code words. The
downstream bit rate available for mapping of 53-byte ATM cells is shown in Table 7-12.

RS code words shall have a length of 66 bytes: 58 ATM data bytes and 8 FEC bytes, calculated over the 58 ATM
data bytes using the RS(66,58) code. The first ATM data byte shall be the most significant byte of the code word
and shall be transmitted first. The last FEC byte shall be the least significant byte of the RS code word and shall
be transmitted last.

Theg user device shall use the error correcting capability to correct up to 4 bytes per RS code-wprd. In case an RS
code word contains uncorrectable errors, the 58 ATM data bytes shall still be passed to thé-cel| specific TC
sublayer functions (see section 7.6.2.5).
Thgq Reed-Solomon code generator polynomial and field generator polynomial shall be.as descyibed in section
7.6J2.3 with N and K set to implement an RS(66,58) code.
To [ncrease the error correction performance, RS code words may be interleaved-before mapp|ng them into the
downstream frame. When applying interleaving to the RS code words, long dataerasures can be corrected by the
RS|decoder. The deinterleaver spreads the erased data over many RS code words, such that the number of
corfupted bytes per code word remains within the correction power of the'\RS decoder. Depending on the physical
medlium, impulse noise conditions and end-to-end delay requirements,the Interleaving Depth (D) is set to an
apgropriate value by the network device (see definition of FEC format/byte in downstream frame header).

Table 7-12 - Bit rate available for mapping of ATM cells.

Downstream frame bit rate ATM pipe bit rate
51.84 Mbit/s 44.544 Mbit/s
25.92 Mbit/s 22.272 Mbit/s
12.96 Mbit/s 11.136 Mbit/s
18 bytes

header

810 bytes = 18 + 12 x RS(66,58)

Figure 7.6-26 - Downstream frame format.

7.6)2.1.2 Downstream Data Randomization and Derandomization

A self-synchronizing randomizer/derandomizer shall be provided in the implementation of the T|C layer. The
ranflomizer. shall be implemented in the network device, the derandomizer shall be implemented in the user
device,
Thda network device randomization shall be performed before RS encoding and shall comply tol(see Figure 7.6-
27):

n—lS@Dn— 23

out out

" =D'®D

out —

The user device derandomization shall be performed after RS decoding and shall comply to (see Figure 7.6-28):
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Dn _ DHC_BDFI 18®Dn 23

out —

Byte Input

(LSB first)

Ser/Par

* Byte Output

Figure 7.6-27 - Network Device Data Randomizer.

Byte Input

Do(n-1) Do(n-2) Do(n-18) Do(n-23)
> >

Byte Output

Figure-7.6-28 - User Device Data Derandomizer.

Both the|downstream frame héader and the downstream frame payload shall be randomized using the network
device rgndomizer characterization (see Figure 7.6-27). However, the header randomizer and the pgyload
randomizer shall be implemented separately. The header randomizer shall have 96 bit randomizing gycles per
downstrgam frame by.randomizing 12 header bytes (the whole header excluding the two SYNC bytgs and the four
¢s). The paylead randomizer shall have 5568 bit randomizing cycles per downstream frame [by
randomizing the.696 ATM cell data bytes (the whole payload excluding the 96 FEC bytes). Both hegder and

Since a gelfssynchronizing (de)random|zer is used with a contmuous (non bursty) signal, the (de)randomizer can
be initializedto a power up.
Initialization at a random vaIue results in a better decorrelatlon of downstream S|gnals and thus, better FEXT
performance when transmitted through a multi-pair copper cable.

Care shall be taken not to disturb the byte frame on the data traffic. The byte-parallel data stream shall first be
converted in a serial stream with convention 'least-significant-bit-first' before it is applied to the randomizer. After
randomization, the byte-parallel stream shall be restored with the same convention, so that bytes which are not
randomized remain unchanged.

7.6.2.1.3 Definition of a Superframe

A superframe defines a period in time, during which an integer number of downstream frames and an integer
number of upstream frames shall be transmitted. Superframe related definitions are shown in Figure 7.6-29.
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Upstream

us frames per superframe (#US/SF)

Upstream Frame Period qﬂ:’[)

Downstream
ds frames per superframe (#DS/SF)
Downstream Frame Peri DFP
. SFP
Superframe Period D|

Figure 7.6-29- Superframe related definitions.
Depending on the bit rate setting, the superframe has a different transmission time. For. each of the bit rate settings

A, B, C and D, the timing diagram and the number of downstream and upstream frames carried in one superframe
are|shown in Figure 7.6-30.

Superframes in bold Frames in thin line

NG Y e o s s s s s s s
AUSIIIIIIIIIIIIIIIIIIIIIIIIIII(ifLTIIIIIII

Bds —Tr—T—T—T—T—T—T T T T
B us ZSS

Cdsp—T————T——7———T—
Cus ' - '

Dds————T—————
D us I oy ] I

Time
0O 250 ~~=500 @ 750 @ 1000 1250 1500(us)
125 375 625 875 1125 1375

Figure 7(6530 - Superframe and frame timing for bit rate settings A, B, C and D.

Thg network device’shall align the downstream frame time alignment with its 8 kHz network ¢lock as shown in
Figlire 7.6-31<Fhis allows the user device to recover the 8 kHz network clock by upsampling the frame frequency
(8, #+ or 2 kHz)!
Thg user-device shall derive the upstream frame time alignment from the downstream superfrgmes, such that each
upstream-frame (as seen at the user device active output interface) starts O up to 4 upstream gymbols after the start
of therxdownstream superframe (as seen at the user device active input interface). The start of a downstream and
upstream frame shall be defined as the center of its first symbol period. Downstream and upstream symbols are
defined in Sections 7.6.1.5 and 7.6.1.6 respectively.

In case multiple upstream frames are transmitted per downstream superframe, these margins shall also apply at the
following time intervals after the start of each downstream superframe (see Figure 7.6-31):

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) 37


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

7.6.2.1.4 Downstream Frame Header Byte Definition

The frame header shall consist of 18 bytes. All frames within the same stperframe shall have the sg
byte valdes (except the SFSC counter and the FEC bytes). The allocatioh of the header bytes shall

Table 7-

Profile A 31.2%s 62.5Qis 93.75is
Profile B not applicable
Profile C 37us
Profile D 37us 75Qus 112515
network device
4 * A A A I_ 8 kHz network
; ; ; ; ; clock
DFP =125 us
DFP = 250 us
DFP =500 us

Figure 7.6-31 - Alignment of the downstream frames to the network device(8kHz clock.

| 3. Byte O shall be transmitted first.

Table 7-13- Allocation of the framé header bytes.

Byte] Name Byte Name
0 Sync 1 9 Control
1 Sync 2 10 Grant 1
2 User Data 1 11 Grant 2
3 User Data 2 12 Grant 3
4 Frame Format 13 Grant 4
5 FEC Format 14 FEC 1
6 Alarm 15 FEC 2
7 Data Link Address 16 FEC 3
8 Data Link Data 17 FEC 4

Byte 0-1] Sync 1 and Sync(2

The Syn

Sync 1 4 F6 hex, Sync'2 = 28 hex.
The frame sync wofd-allows frame delineation in the user device. The frame delineation algorithm is
Sync_EVent (Sync 1 and Sync 2) and shall be as shown in Figure 7.6-32:

38 DAVIC 1.3.1a Part 8 (1999)

C 1 and Sync 2 hytes are the frame sync word and shall have fixed values.

Transition of “Sync” to “Hunt” state when the frame sync word is not found at the expected
times’consecutively.

me header
e as shown in

based on the

location 7

Transition of “Drpcynr" to “Qynr‘” state when the frame. sync word is found at the m{lnpr‘fnd

ocation 6

times consecutively.

© ISO/IEC 1999 - All rights reserved


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

Sync_Event_Found

>

NO Sync_Event_Found
at expected position

<

7 consecutive 6 consecutive
NO Sync_Event_Found Sync_Event_Found

at expected position at expected position

Figure 7.6-32 - Downstream frame synchronization state machine.

Theg frame delineation process is similar to the ATM cell delineation process described in sectign 7.6.2.5.3.
Byte 2-3: User Data 1 and User Data 2
Both User Data bytes shall be made available by the deframer implementation for further procgssing at the TC

laygr level in the user device. The operation of the PMD sublayer (including demodulater and symbol decoder) in
the|user device shall not depend upon the value of the User Data bytes.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 BitL bit 0
[ o | vope] [ upps] | ub4] | ub@El | ubfe] | wb[l] | ubo]

Byte 4: Frame Format
Thgq Frame Format byte shall contain the superframe definition: superframe period (DFP), numper of downstream
frames per superframe (#DS/SF) and the number of upstream frames per superframe (#
USJSF). The Frame Format byte value only depends upon the bit rate setting.

bit 7 bit 6 bit 5 bit 4 bit’3 bit 2 bit 1 bit O
Rdserved Reserved DFP 1 DFP O #DS/SF|1] #DS/SH[0] #US/SF[1] #
US/SF[0]
00: DFP=125 us (8 kHz) [(#,00: #DS/SF = 1 00: #US/SF =1
01: DFP=250 us (4 kHz){" 01: #DS/SF = 2 01: #US/SF =2
10: DFP=500 us (2 kHz)| 10: #DS/SF =3 10: #US/SF =3
11: not used 11: #DS/SF =4 11: #US/SF = 4

Regerved bits shall be set to 0.
Thqg superframe definition for thepossible bit rate settings shall be as given in Table 7-14.

Table 7-14- Frame Format settings depending on the bit rate.

Bit rate setting DFP SFP #DS/ISF #US/SH
A 125us 125us 1 4
B 125us 375us 3 1
C 250us 750us 3 2
D 500us 1500us 3 4

Byte 64 FEC Format
The FECT byte shall contain the Reed-Solomon code word Interleaving Depth Parameter (M[4..0]) indication.
The interleaving and deinterleaving process in network and user device shall be as described in section 7.6.2.3
with the interleaving depth (D) and block length (I) defined as:

I = (N/2)

D=M*(N/2) +1
where N is the RS code word length and M=0..31.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O
| Reserved| Reservefi Reservgd M[4] M[3]] M[2]] M[1]] M[0] |
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The Interleaving Depth Parameter (M) value shall range from 0 to 31. The user device shall be able to
deinterleave the complete set of interleaving depths corresponding with an Interleaving Depth Parameter (M)
ranging from 0 to 31.

Byte 6: Alarm

The Alarm byte shall contain the frame payload alarm indication signal (AIS).

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
[ AIS | Reserved] Reserve§f Reservgéd Reserfed Resdrved Rederved Rgserved

AIS = 0 shall indicate normal operation (valid frame payload).

AIS = 1 shall indicate alarm status (invalid frame payload).

Reserved bits shall be set to 0.

Byte 7: Data Link Address

The Data Link Address byte shall contain four command bits (COM[3..0]) and a user device identification

(ID[3..07)
The command bits interpretation shall be:
0 Idle command
1 - Reset for Device ID[3..0]
2 - Transmitter Shutdown for Device 1D[3..0]
3 Data Link Byte = Network Device Transmit Power
410 14 Reserved
15 Data Link Byte = User Data

The resdrved commands shall not be used by the network device.
The network device transmit power is encoded into a byte indicating 256 jpower levels. The upper leyel 255 shall
correspond with the maximum transmit power of +15 dBm. The lower level0 shall correspond with the minimum
transmit power of -15 dBm. Linear interpolation shall be applied for the.other levels. There shall be § maximum

period off 250ms in-between consecutive transmissions of the network device output power.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
| com[d] | com] | comial | comiol | D3] <l b2 | ibap | ibjo] |

The Devlce ID value ranges from 0 to 15. If the Devic€’ID is 0, the Data Link command shall be intefjpreted by all
users deyices (broadcast). If the Device ID is 15, the Data Link command shall not be interpreted bylany user
device. Hor other Device ID values (1 to 14), the Data Link byte shall be interpreted by the user devite to which
this Devige ID is allocated.
After a r¢set command is sent to a particular user device, grants shall no longer be allocated to this yiser device.
The usell device shall restart the procedureto get a Device ID allocated, just as it does after power yp (sign-on
cycle), td get grants allocated again.
After a transmitter shutdown is sent fo a particular device, grants shall no longer be allocated to this Juser device.
The usel device shall no longer output any upstream data (silent transmitter) until it is reset through the command
describefl above (resulting insa\sign-on procedure) or until it is going through a sign-on cycle for any|other reason
(e.g. thrqugh user intervention). After sign-on, the user device gets grants allocated again.
Byte 8: Data Link Byte

The Data Link Data byte'shall be made available by the deframer implementation for further procesging at the TC
layer level in case-the Data Link Address is broadcast (value 0) or matches the user device’s Devicq ID.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
[ ot f-oie] [ ous) | b4 | bu@ o] [ oifyy  Joifo] |

Byte 9: Control Byte
The Control Byte shall contain the Grant Control (GC1, GC2, GC3 and GC4) and the superframe Synchronization
Control SFSC[1..0].
The GC bits indicate whether the corresponding grant byte is a grant which is already allocated to a user device or
not. In case the grant is not allocated yet, the corresponding time slot can be used for sign-on of new user devices
(see also sign-on section).

GChit=0 not open for sign-on

GChit=1 open for sign-on
There shall not be more than 50ms between two consecutive grants opened for sign-on. Only grant values ranging
from 1 to 14 may have the GC bit set to 1. Grant values 0 and 15 shall always have the GC bit set to 0.
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The superframe synchronization control bits indicate the sequence number of the frame within the superframe.
The SFSCJ1..0] bits shall take values from 0 to (#DS/SF-1) and shall be 0 for the first frame within a superframe.

bit 7
GC1

bit 6
GC2

bit 5
Ge3 |

bit 4
Gec4 |

bit 3
Reservell

bit 2
Reserved

bit 1
SFSd[1]

bit 0
SFSEI0]

Byte 10-13: Grants
The Grant bytes shall be used to control the upstream TDMA access. A superframe consists of up to 4 upstream
frames. Each of these upstream frames may be transmitted by a different user device. Through the 4 grant bytes,

the network devices shall indicate which user device is allowed to transmit which upstream frame.

Per superframe, 4 grant bytes shall be transmitted downstream. The first grant byte shall correspond to the first
upstream frame, the second grant byte shall correspond to the second upstream frame, etc. If for example, the
superframe contains only 2 upstream frames, the third and fourth grant bytes shall contain a user device ID equal

to

5 (closed grant).

The
If th
all |
If th
If th
tran
gral
allo
If th
can
fran

Device ID value ranges from 0 to 15.

e device ID = 0, the upstream frame may be transmitted by any user device (optional upstr
ser devices, collision possible).

e device ID = 15, no upstream frame shall be transmitted by any user device (closed grant)
e Device ID is in the 1 to 14 range and it is not opened for sign-on, a valid upstteam frame

nted user device). A valid upstream frame may contain an idle ATM cell. In@ase this Devicd
Cated to any user device, no upstream frame will be transmitted.

be used by a new user device for sign-on (see section 7.6.2.4). If ne’new user device doeg
ne will be transmitted.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0

lam response for

shall be

smitted by the user device to which this Device ID has been allocated (mandatory upstream response for the

ID has not been

e Device ID is in the 1 to 14 range and it is opened for sign-on (throughrthe GC bit=1), the dpstream frame

S0, No upstream

U

"ERR | CERR| PLC1I]| PLCO] DB D[2] ] D[] | ID[0]

The
PL(

setfing C) and Figure 7.6-36 (bit rate setting D). Grants given in each of the downstream frame

sup
(n+

granting and acknowledgment mechanism implemented in the bits ID[3..0] and U_ERR, C|
L0 is shown in Figure 7.6-33 (bit rate setting A)ikigure 7.6-34 (bit rate setting B), Figure 7.6

erframe (SF) are used for the upstream frames (US) of thé' GupErframe. These upstream frg
1) superframe are acknowledged in each of the downstream frames of tHequp&)rame.
SF(n) SF(n+1) SF(n+2) SF(n+3)
[0s1]us2[usd usfusius2[usd usfusilus2[usd usfusilusz[usd us!
vty iy 1y
4 acks
] 4 grants v
_S.Ds1 DS1 DS1 DS1

| ERR, PLC1 and
35 (bit rate

5 (DF)"bf the (n)
mes of the

© ISO/IEC 1999 - All rights reserved

Figure_7:6-33 - Granting and acknowledgment of upstream access for bit rate setting |A.
SF(n) SF(n+1) SF(n+2) SF(n+3)
us1 us1 us1 us1
' 3 copies
3 copies 1 ack
Tt 3 1 grant | B B |
ps1| ps2| Ds3| psi| ps2| ps3| psi| ps2| ps3| pbsi| ps2| ps3)
Figure 7.6-34 - Granting and acknowledgment of upstream access for bit rate setting B.
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SF(n) SF(n+1) SF(n+2) SF(n+3)
usi [ us2 usi [ us2 usi [ us2 usi [ us2
[ ) + [ ) + 3 copies
3 copies 2 acks
Pt 3 2 grants Yy v v
psi| ps2| ps3] psi| ps2| Ds3] psi| ps2| ps3| psi| ps2| Ds3|

Figure 7.6-35 - Granting and acknowledgment of upstream access for bit rate setting C.

SF(n) SF(n+1) SF(n+2) SF(n+3)
|usi]us2|usq usdusi|us2| usqd usqusilus2|usqd usqusifusz| usdq us!

Sbupica

The U_E
transmitt

If an ups
Whenev
The U_E
(NACK).
If an ups
device.
setto 0.
receptior
The Pow
the " up
(

(

4 acks

1 ) : 4 grants ¥ Y
ps1| ps2| ps3] psi| pbs2| ps3| pbsi| pbs2| ps3| psi| ps2| ps3)

Figure 7.6-36 - Granting and acknowledgment of upstream access for bit rate Setting D.

RR and C_ERR bits of th8 (n=1..4) grant byte shall indicate the error status of thepstream f
bd in the second previous superframe in the network device:

) ERR=0 C_ERR=0 no errors detected

) ERR=0 C ERR=1 correctable errors

) ERR=1 C ERR=0 uncorrectable errors

) ERR=1 C ERR=1 no upstream frame received

fream frame contains uncorrectable errors, the upstream frame shall be discarded by the n

br the upstream frame is discarded by the network devi€e, the corresponding U_ERR bit sh
RR bit being set to 1 shall correspond to a negative-acknowledgment of the upstream frame

fream frame contains no errors or correctable errars, the upstream frame shall be accepted

Vhenever the upstream frame is accepted by, the network device, the corresponding U_ERH

The U_ERR bit being set to 0 shall correspénd to a positive acknowledgment of the upstred
(ACK).

er Level Control (PLC1, PLCO) bits of #&(n=1..4) grant byte shall indicate the power level s

stream frame transmitted in the second previous superframe in the network device:

0 the user device shall maintain the upstream power at the same level
10 the user device shall deerease the upstream power by one level
11 the user device shallincrease the upstream power by 1 level

1 the user device can’choose to perform one of the above actions

An incre

ent or decrement of the'power by one level shall correspond with a power increment or deg

between|0.75dB and 1.25 dB,

Byte 14-17: FEC bytes

The 4 FEC bytes are calculated over the bytes 2 to 13, using the Reed-Solomon RS(16,12) code. B
the dowrjstream frate*header shall compose an RS(16,12) code word, with byte 2 being the most s
of the cofde word ‘and byte 17 being the least significant byte of the code word.

The usell deviee shall use the error correcting capability to correct up to 2 bytes per downstream fragne header.
The Reep-Selemon code generator polynomial and field generator polynomial shall be as described

7.6.2.3

ame

twork device.

Il be setto 1.
 reception

by the network
R bit shall be

m frame

fatus of

crement

tes 2 to 17 of
gnificant byte

in section

ith-N and K set to implement an RS(16.12) code.

Except for the SFSC counter and the FEC bytes, all frame headers within a superframe shall be identical. This
gives the user device multiple chances (if #DS/SF > 1) to receive the frame header. The header received with the
lowest error level shall be processed in the user device i.e. correct headers shall be preferred over corrected

headers.

In case all the frame headers received in a downstream superframe are uncorrectable, the user device is not able to
extract the grant bytes from the downstream superframe. The user device shall therefore not perform any upstream
access in the next superframe time period.
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7.6.2.2 The Upstream Data Frame Format

7.6.2.2.1 Building an Upstream Frame

The upstream data frame format shall be as shown in Figure 7.6-37. The frame length shall be 75.9375 bytes. The
frame shall consist of preamble bytes, header bytes, payload bytes, forward error correction (FEC) bytes and gap
bytes. The frame payload shall only consist of a single ATM cell (53 bytes).

preamble header ATM cell FEC gap
6 bytes 4 bytes 53 bytes 8 bytes 4.9375 bytes

Figure 7.6-37- Upstream Frame Format (frame length = 75.9375 bytes)

7.6J2.2.2 Upstream data randomization/derandomization

A self-synchronizing randomizer/derandomizer shall be provided in the implementation of the T|C layer. The
ranflomizer shall be implemented in the user device, the derandomizer shall be implemented in] the network
devfce.

Thq user device randomization shall be performed before RS encoding and shall comply to (sege Figure 7.6-38):

n
DOU'[

= D)@Dy,  ®D).>°

out out

Thg network device derandomizer shall be performed after RS deCeding and shall comply to (see Figure 7.6-39):

D), = D@D @D >

out

Byte Input

(LSB first)

> >» .....| e>» ...
Do(n-1) Do(n-2) Do(n-5) Do(n-23)
init Do(n-1 )... Do(n-23) to all "1"

Byte Output

Figure 7.6-38 - User Device Data Randomizer.
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Byte Input -
init Do(n-1) ... Do(n-23) to all "1"
(). boln23)
Do(n-1) Do(n-2) Do(n-5) Do(n-23)
Di(n) > > L >

Byte Output

The rand
the 53 A
Conside
derando
bit of the
containe
(de)rand
Care will
in a serig
(de)rand

7.6.2.2.3

The allog
transmitt

Lng the bursty character of the upstream data in a point-to-multipoint environment, the rand

Figure 7.6-39 - Network Device Data Derandomizer.

omizer shall have 456 bit randomizing cycles per upstream frame by randomizing\the 4 hea
'M cell data bytes in the payload.

izer shall be applied on a single burst basis. Randomization and derandomization shall stg
first byte of the header of the upstream frame and stop with the last bit of the last byte of th

Dmizing an upstream frame.

be taken not to disturb the byte frame on the data traffic. The byte-parallel data stream is fi
| stream with convention 'least-significant-bit-first' before it is applied to the (de)randomizer,
bmization, the byte-parallel stream is restored with the same ‘convention.

Upstream Frame Header Byte Definition

ation of the 75.9375 bytes in the upstream frame shall be as given in Table 7-15. Byte 0 sh
bd first.

Table 7-15 - Allocation of the frame bytes.

lder bytes and

bmizer and
rt with the first
e ATM cell

d in the upstream frame. Both the randomizer and derandomizer shall be initialized to “all opes” before

st converted
After

all be

Byte Name Byte Name
g Ramp-up 10-62 ATM cell
1 Preamble 1 63 FEC 1
2 Preamble 2 64 FEC 2
3 Preamble 3 65 FEC 3
4 Sync 1 66 FEC 4
5 Sync 2 67 FEC 5
g Data LinK’Address 68 FEC 6
1 Data Link Byte 69 FEC 7
8 Alatm-Byte 70 FEC 8
9 Queue Depth 71 Ramp-down
72-74.9375| Gap (guard time)
The ramp-up—preamble sync ramp-down-and gap-bytesare included-inthe upstreamframe to-allow bursty

upstream frame reception in the network device. These bytes can be used by the implementation of the PMD
sublayer in the network device (i.e. the upstream burst receiver) to acquire synchronization on the upstream burst.
Ramp-up, preamble, ramp-down and gap bytes shall be stripped from the upstream frame by the PMD sublayer
implementation before passing it to the TC sublayer implementation in the network device. The sync bytes

however,

shall be maintained to allow in-band synchronization of the upstream frames

See section 7.6.1.6 for a description of PMD sublayer functionalities regarding ramp-up, preamble, sync, ramp-

down and guard time.

Byte 0: Ramp-up

The ramp-up byte is introduced to provide a ramp-up transition time for transmitter activation at the beginning of
the upstream burst.

The Ramp-up byte shall be set to the fixed value 40hex.

44 DAVIC 1.3.1a Part 8 (1999) © ISO/IEC 1999 - All rights reserved


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

Byte 1-3: Preamble 1, Preamble 2 and Preamble 3

The Preamble 1 byte shall be set to the fixed value of 44hex.

The Preamble 2 byte shall be set to the fixed value of 4Bhex.

The Preamble 3 byte shall be set to the fixed value of 77hex.

Byte 4-5: Sync 1 and Sync 2

The Sync 1 byte shall be set to the fixed value of 4Bhex.

The sync 2 byte shall be set to the fixed value of 77hex.

Byte 6: Data Link Address

The Data Link Address byte indicates the user device identification (Device ID) of the user device from which the
Data Link Data byte (and thus the complete upstream frame) is sourced. It also holds the COM[3..0] command
bits.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
[ com3] | comzl | comal | comior | D3] | b2l | D[] | ID[o]
Thg Command Bits interpretation shall be:
0 Idle command
1 Sign-on upstream frame

2-14  Reserved

15 Data Link Byte = User Data
Theg Device ID shall only take the values 1 up to 14. In case the frame was granted for user deyices which don't
have an ID yet (sign-on grant, GC bit=1, see section 7.6.2.1.4), the Data Link Address device ID shall be set to the
grant value the user device responds to (also in the 1 to 14 range).
Byte 7: Data Link Data

Thg Data Link Data byte shall be made available by the deframer implementation for further prgcessing at the TC
layer level in the network device. Up to 14 parallel upstream Data.kink channels shall be procegsed in the network
device, depending on the number of active User Device IDs.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
L b7 | oue) [ bus) | bi4] J pult | biz] | bijy  [bLo)

Byte 8: Alarm/Control

bit 7 bit 6 bit 5 bit.4 bit 3 bit 2 bit 1 bit 0
| JAIS | Reserved| Reservefi HIST| UHDR CHDR UPLpP CPIp

AIS = 0 shall indicate normal operation (valid frame payload).
AIS| = 1 shall indicate alarm status (invalid frame payload).
Regerved bits shall be set to(0.

A uper device shall allocate U HDR, C_HDR, U_PLD, C_PLD to every downstream superframg it receives:

The U_HDR(n):bit shall be set to 1 if and only if at least one uncorrectable frame header error has been
received in-the’hdownstream superframe.
The C_HDR(n) bit shall be set to 1 if and only if at least one correctable frame headgler error has been
receivéd-in the hdownstream superframe.
The~U. PLD(n) bit shall be set to 1 if and only if at least one uncorrectable paylogd error has been
received in the deinterleaved (f’djownstream superframe.
The C_PLD(n) bit shall be set to 1 if and only if at least one correctable payload error jhas been received
in the deinterleaved (n-Bownstream superframe.
SinCethepaytoadof the—superframes as tobemterteavedbeforeany error tarm beTeported on in the upstream
direction, a delay of a fixed number (d) of downstream superframes is introduced in the definition of the
U_PLD(n) and C_PLD(n) bits. The delay of d downstream superframes is matched to the deinterleaving delay
(function of M parameter) and shall be defined as:

_ M*(l=D*I
12* N*(# DS Sk
wherel | denotes truncating to the higher integer, the M, | and N parameters are as defined in Section 7.6.2.3 and
the (#DS/SF) parameter is as defined in Section 7.6.2.1.
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Deinterleaving a superframe shall be defined as replacing the payload bytes of the interleaved superframe by
deinterleaved payload bytes according to the one-byte-in one-byte-out principle, as shown in Figure 7.6-40.
In case a user device is transmitting an upstream frame in the' (suddrframe, it shall copy the U_HDR(n),
C_HDR(n), U_PLD(n) and C_PLD(n) bits into this upstream frame.
In addition, in case the previous upstream frame was transmitted in th® §ngerframe, the HIST bit shall be
defined as (logical OR):

HIST = OR { U_HDR(i) OR U_PLD(i) OR C_HDR(i) OR C_PLD(i) }, i = n-k....n-1.
The history bit (HIST) flags errors found in downstream superframes which could not be flagged immediately
because the user device did not find in these downstream superframes a grant matching its Device ID.
Byte 9: Queue Depth
The Queue Depth byte shall indicate the fullness of the upstream ATM cell queue in the user device. The network
device upstream bandwidth management shall allocate grants to a user device, depending on the Queue Depth
indication QDJ[3..0].
The user device shall implement a relationship between QDJ[3..0] and the actual queue filling level (QFL) of its
output cell queue as shown In Table 7-16. Partial cells shall not be accounted for.
The bits PR[3..0] shall be set to 0, indicating priority indication is not supported in this version ofithe’ Physical
Interface] specification.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 hit' 0
[ PRIBI | PRE2I | PR} | PRO] | oD[3 | oD[2] | oD[1] |, \oDo] |

Table 7-16 - Queue Depth to Queue Filling Level relationship.

QD 0 1 2 3 4 5 6 7
QFL 0 1 2 3 4 5 6 7
QD 8 9 10 11 12 13 14 15
QFL >8 >16 >32 >64 >128 >256 >512 >1024

Byte 63-0: FEC
The 8 FHC bytes shall be calculated over the bytes 6 to 62 (upstream frame header and payload), using a (65,57)
Reed-Sdlomon code. Bytes 6 to 70 of the upstream frame shall compose an RS(65,57) code word, \vith byte 6
being the most significant byte of the code word.ahd byte 70 being the least significant byte of the cgde word.
The network device shall use the error correctirig capability to correct up to 4 bytes per upstream frame.

The Reef-Solomon code generator polynomial and field generator polynomial shall be as described|in section
7.6.2.3 with N and K set to implement an"RS(65,57) code.
Byte 71:|[Ramp-down

The ramp-down byte is introducedto provide a ramp-down transition time for transmitter shutdown gt the end of
the upstqeam burst.

The Ramp-down byte can be.set to an arbitrary value.
Byte 72-Y4.9375: Gap

The Gap|bytes provide a\guard time between consecutive upstream bursts from different user devicgs. Since the
cable lerlgth betweensthe network device and each of the user devices may vary, the upstream bursf position
within th¢ upstreanmi\frame can be jittered. The guard time is such that consecutive upstream bursts ¢lo not overlap.
The guaid time is:5.2% of the total upstream frame period.

7.6.2.3 |Reed-Solomon Codes and Convolutional Interleaving

7.6.2.3.1 Reed-Solomon Codes

Reed-Solomon (RS) error correction codes operate on byte streams. The codes are expressed by convention as
two numbers, the first indicating the total code word length (N), and the second indicating the number of data
bytes (K). The difference between these two numbers (N-K) is the number of FEC bytes.

The RS codes used for downstream and upstream header protection and for downstream and upstream payload
protection shall use as generator polynomial:
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N-K-1

a)= [](x+4)

i=0
whereyp is a root of the binary primitive polynomial:
X+ xt+ X+ xX+1
A data byte is identified within the Galois Field (256), the finite field with 256 elements as:

7
(d;dgdsd,d; d, d d) < Z Ju" < u®
n=0 (n=02hex),

with a one-to-one mapping of byte values and a particular powegrsificep is a root of the binary primitive

po|\/nnmial
An RS(N,K) code word shall be defined as a function of the K data bytes as:

X" x0] + [X (X u"X)] MOD

where the K most significant bytes (coefficients $fneN-K..N-1) correspond to the K input data b
N-
Bedause the data byte identification is defined within the Galois Field with 256 elements, RS(N
endgoding/decoding shall be implemented as a shortened RS(255,255-N4K) code. At the encod
bytes, all set to 0, are appended before the K data bytes at the inputaf the RS(255,255-N+K) H
appended bytes are discarded after the encoding procedure.

Thqg error correcting power of an RS code word is related to the:number of FEC bytes in the co
nurber of bytes “t” which can be corrected per code word js defined|4bl/2, wherd x| denotd
trurjcating to the lower integer.

7.6J2.3.2 Convolutional Interleaving

To Increase the correction power of the RS codes, the code words can be interleaved before tr
convolutional interleaver is defined by two parameters (see also [ANSI T1.413)):

I interleaver block length

D interleaving depth

Theg block length (1) is equal to or a submultiple of the Reed-Solomon code word length (N). Th
leaver uses a memory in which*a-block of | bytes is written while an (interleaved) block of |
interleaving depth (D) is the Aumber of blocks (I bytes each) kept in the interleaver memor

imterleaving.
Thqg convolutional interleaving introduces an absolute read to write delay which increments line
index within a block of T\bytes:

read/write delay (bytes) (D-1)* withj=0 .. I-1.

least significant bytes (coefficients df x=0..N-K-1) correspond to the N-K.output FEC bytes.

ytes, and the

K)
er side, 255-N
S encoder. These

e word. The
S

Ansmission. The

b convolutional
bytes is read.
to perform the
and

arly with the byte

A s|mplified implementation of convolutional interleaving can be achieved when the read to wrife delay

increment (D-1)4s a multiple of the interleaver block length (I). The (D-1) to | ratio is the Interled
Parpmeter (M). The characteristics of convolutional interleaving are shown in Table 7-17. An e
(de)interleaver parameter settings | and M is shown in Table 7-18.

lving Depth
ample of
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Table 7-17 - Characteristics of Convolution Interleaving.

Parameter

Definition

Interleaver Block Length (1)

| bytes (equal to or submultiple of N)

Interleaving Depth (D)

M * | + 1 blocks of | bytes

(De)interleaver Memory Size

M*I*(l-1)/2 bytes

Erasure Correction

Lt*1/N]*(M*I+1)bytes

End-to-End Delay

M * 1 * (I - 1) bytes

Note: In the table above, N and t relate to the RS code word.

Table 7-18 - Example of (I,M) parameter setting for different bit rates.

Downstream Interleaver Interleaving (De)interleaver Erasure End-to-End
bit rate. Parameters nnpfh I\llnmnr\ll Size. Correction I'\olsay
(I, M) (D)
51.84 Mbit/s =33 1024 blocks 16368 bytes 2048 bytes 32736-bytes
M=31 of 33 bytes 316us 5:0"'msqgc
25.92 Mbit/s =33 496 blocks 7920 bytes 992 bytes 15840 bytes
M=15 of 33 bytes 306us 4.9 msqgc
12.96 Mbit/s =33 232 blocks 3696 bytes 464 bytes 7392 bytes
M=8 of 33 bytes 287us 4.6 msJ?;

downstream frame.

Note 2: For the example in the table above, the M parameteris chosen to correct erasu

be more appropriate.

The example in Figure 7.6-40 shows I=7. | parallel branches(numbered 0..1-1) are implemented with
increment of M per branch. Each branch is a FIFO shift,register (delay line) with length 0*M..(I-1)*M
deinterlepver is similar to the interleaver, but the branch'indexes are reversed so that the largest intg
corresponds to the smallest deinterleaver delay. Deinterleaver synchronization is achieved by routin
of an intgrleaved block of I bytes into branch O.

0 MM M m 0
1 sl
In ﬂ 2 M ZK&‘_
M|

ENIENIENENES

ENIENENENENEY
ENIENES N

Note 1: The example in the table above does not take into account.the header bytes of the

es of about

300us. Depending on the physical medium and the impulse noise conditions, another v@lue might

a delay
pytes. The
rleaver delay
j the first byte

0
'_
H‘E
3
: ‘g'
g
E
=
= |
H
-
&‘

Figure 7.6-40 - Implementation example with D-1 = M*l and I=7.

7.6.2.4 Time Division Multiple Access (TDMA) Scheme

To be able to connect multiple user devices to the network device (point-to-multipoint), a TDMA scheme is

provided. A user device can only transmit upstream grants in the upstream slots it has been granted
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grant byte definition). Whenever the grant corresponding with a time slot matches the Device Identification
number of a user device, the user device is allocated the slot.
A user device boot, the user device shall perform the following steps to get a Device ID assigned:

The user device performs power-up

The user device locks onto the downstream frame

The user device chooses a power level of max 0 dBm

The user device waits for a sign-on grant (Device ID = 1-14, GC bit = 1)

abrwnhE

with COMJ3..0] = 0001 (sign-on command)
ID[3..0] = accepted grant value as Device ID
DL Byte
Alarm/Control
Queue Depth
Payload is don't care (arbitrary)

The user device accepts the sign-on grant as its Device ID and transmits an upstream sign-on burst

Wh
gra
par

7.6

7.6

The
trar
The
HE
The

Errgr detection in the ATM header shall helimplemented as defined in [ITU-T 1.432].

The
(Xg
The
with

7.6
AT

6. The user device monitors the ACK bit (see section 7.6.2.1.4) to see I the sign-on
by the network device. If the sign-on burst failed, the user device increases thetra
at max 1 dB, skips a random number of sign-on grants (0..7) and goes back't0 poi
burst succeeded, the user device considers itself as signed-on and shallifrom this
respond to the allocated Device ID.

BN a sign-on burst succeeds (no unrecoverable errors), the network device shall start gener

hts for the allocated Device ID. The time in-between two consecutive grants-fer a particular

icular signed-on User Device shall not be higher than 125ms.

2.5 Cell Specific TC Sublayer Functions

2.5.1 HEC Generation/Verification

HEC Generation and Verification described in this section, shall apply to both the downstrg
smission of ATM cells.
entire header (including the HEC byte) shall be protected by the Header Error Control (HE
C code shall be contained in the last byte of the ATM header.
HEC sequence shall be capable of:
e single bit error correction
o multiple-bit error detection

HEC byte shall be generated as déscribed in [ITU-T 1.432], including the recommended m
R) of the pattern 01010101b to the HEC bits.

generator polynomial coefficient set used and the HEC sequence generation procedure sh
[ITU-T 1.432].

2.5.2 Cell Randomization and Derandomization

pat

Thg downstreanATM cell randomizer polynomial and procedures shall be as defined in [ITU-T
based transmission.
Upstream-ATM cell randomization shall not be applied.

7.6{2:5.3 Cell Delineation

/ cell randomization/permits the randomization of the cell payload to avoid continuous non-
erns and imprevethe efficiency of the cell delineation algorithm.

urst was received
nsmit power with
ht 4. If the sign-on
moment on only

ating (non-collision)
Pevice ID of a

am and upstream

C) sequence. The

pdulo-2 addition

all be in accordance

yariable bit

1.432] for SDH

The cell delineation function permits the identification of the cell boundaries in the payload. It is based on a

cod

ing law using the Header Error Control (HEC) field in the cell header.

The ATM cell delineation algorithm implemented in the ATM user device (downstream data reception), including

the
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cell delineation state transitions, shall be as described in [ITU-T 1.432] (see Figure 7.6-41):

Transition of "Sync" to "Hunt" state when coding law is violated at the expected position 7 times

consecutively.

Transition of "Presync" to "Sync" state when coding law is confirmed at the expected position 6 times

consecutively
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Coding_Law_Confirme&

Coding_Law_Violated

. at expected position .
7 consecutive 6 consecutive

Coding_Law_Violated Coding_Law_Confirmed
at expected position at expected position

Figure 7.6-41 - ATM cell delineation state machine.

Upstream media access is performed on cell basis. Therefore, the cell delineation implemented in-th
device (Yypstream data reception) is performed through the upstream framing, as described in séctio
Thereforg, the implementation of an ATM cell based delineation in the network device is not needed

7.7 Passband Unidirectional PHY on coax

e network
N 7.6.2.2.

This Physical Layer Interface supports unidirectional transmission over radio frequéncy coax (up to 1GHz
bandwidth). It is referred to as QAM-link on HFC (Hybrid Fiber Coax).
This Physical Layer Interface describes the complete physical layer structure; ive. framing structure, channel

coding ahd modulation for the carriage of S1 and S2 information flow. Physieal layer and framing sp

are com

Two franpe structures are provided for downstream data transmission~One is carrying MPEG-2 Trar
packets and the other is carrying ATM cells. Each of these framing structures shall be used uniquely
carrier. The STB shall support at least one of these framing structures.

A summary of the spectrum allocation for the unidirectional PHY)on coax is depicted in Figure 7.7-1

The rece|i

shall opgrate within the specified frequency range.

For the |
framing {
efficiency

on to both information flows.

ver in the STB shall operate over the entire specified frequency range. The transmitter in th

Downstream
QAM modulated channels
A Channel-spacing of 6 or 8 MHz

.......... >

54 1000  Freq (MH2)

Figure'7.7-1 - Spectrum allocation for the unidirectional PHY on coax.

nidirectional PHY on coax, a combination of quadrature amplitude modulation (QAM) and g
tructure is specified. QAM is specified due to its performance characteristics with respect tg
~Three levels of modulation, 16 QAM, 64 QAM and 256 QAM, are defined to allow flexible

impleme

o
TCATOTT,

7.7.1 Encoding/Decoding Process

The processes in the following subclauses shall be applied as shown in Figure 7.7-2.
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Figure 7.7-2 - Conceptual block diagram of elements at the cable head-end and receiving site.

7.7.1.1.1.1 Baseband interfacing and sync

This unit shall adapt the data structure to the format of the signal source. The framing structure shall be in

accordance with MPEG-2 Transport Stream (including sync bytes).

51
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7.7.1.1.1.2 Sync 1 inversion and randomization

This unit shall invert the Sync 1 byte according to the MPEG-2 framing structure, and randomizes the data stream
for spectrum shaping purposes.

7.7.1.1.1.3 Reed-Solomon (RS) coder

This unit shall apply a shortened Reed-Solomon (RS) code to each randomized transport packet to generate an
error-protected packet. This code shall also be applied to the Sync byte itself.

7.7.1.1.1.4 Convolutional interleaver

This unit shall perform a convolutional interleaving of the error-protected packets with I=12/M=17 (for 16 and 64
QAM) and I=204/M=1 (for 256 QAM). The periodicity of the sync bytes shall remain unchanged.
To allow for sufficiently low loop delay for the contention slot acknowledgment in the IB signaling case., the

d th f bha- 200 VAR oo ] N 1.0 24 +lo 4l o pu| o of NN A
ep 0 T 2 JU ANV TTICTicavoT Lalt DT L U O TAallTh uialrt uic ucpurt Ul U,

7.7.1.1.15 Byte to m-tuple conversion

This unit|shall perform a conversion of the bytes generated by the interleaver into QAM symbols.

7.7.1.1.1.6 Differential encoding
In order 1o get a rotation-invariant constellation, this unit shall apply a differential encoding of the twg Most
Significapt Bits (MSBs) of each symbol.
7.7.1.1.17 Baseband shaping

This unit|performs mapping from differentially encoded m-tuples to I and“Q signals and a square-rogt raised
cosine filtering of the 1 and Q signals prior to QAM modulation.
7.7.1.1.18 QAM modulation and Physical Interface

This unit|performs QAM modulation. It is followed by interfacing the QAM modulated signal to the Radio
Frequengy (RF) cable channel.
7.7.1.1.119 Cable receiver

A Syste receiver shall perform the inverse signal processing, as described for the modulation process above, in
order to fecover the baseband signal.

7.7.2 NIPEG-2 Transport Stream

The MPHEG-2 Transport Stream is'defined in [ISO/IEC 13818-1]. The Transport Stream for MPEG-2 data is
comprisgd of packets having_188 bytes, with one byte for synchronization purposes, three bytes of Header
containirlg service identification, scrambling and control information, followed by 184 bytes of MPEG-2 or

auxiliary [data.

7.7.3 Asynchronous Transfer Mode (ATM) Stream

The Asyipchroneus Transfer Mode stream is defined in [ITU-T 1.361]. An ATM stream is comprised of packets
having 5B bytes, with a five byte header including connection identification and header error control, [followed by
48 bytes|of ATM payload.

7.7.4 Framing structure when carrying MPEG-2-TS

The framing organization shall be based on the MPEG-2-TS packet structure. The system framing structure shall
be as shown in Figure 7.7-3.
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Sync

187 bytes
1 byte

(a) MPEG2-Tranport Stream MUX Packet

( PRBSperiod = 1503 btes )

// // ‘ //
77 o - 77 o - 77
SYNCLl 67 bytes| 52| 187 byt SYNCB| 187 bytes| ~Y"°Y 187 byt
/7 ytes ytes| ytes ytes|
77 77 77

(b) Randomized tram®rt packets: 8nc bvtes and Randomized @&e&ence R

‘ 204 hvtes ‘
< >

Sync 1

187 bytes RS(204,188)

or
Sync n

(c) Reed-Solomon R804.188, t=8) errorprotected

//// ////
Sync 1 Sync 1
or 203 bytes or 203 bytes
s/ | Syncn Sync n //
r7/ r7/

(d) Interleavedbackets with InterleavinDepth L
L=12 for 16 and 6@AM:.L=12. 34 or 204 for 2560AM

Sync 1 = not randomized complemented sync byte
Sync n = not randomizedscyte, n = 2...8

Figure 7.7-3 -Framing'structure when carrying MPEG-2-TS.

7.714.1 Tool For Carrying MPEG-2 TS and ATM in the Same Multiplex

ATM cells can be carried within the MPEG-2-TS as a Private Data Stream. The PID for the ATM stream is
identified by MPEG-2 stream_type OxC1
Thq cell delineation fungtion permits the identification of the cell boundaries in the payload. It isfbased on a
coding law using the-Header Error Control (HEC) field in the cell header.
Thg ATM cell delineation algorithm implemented in the ATM user device (downstream data regeption), including
thecell delineation state transitions, shall be as described in [ITU-T 1.432] (see Figure 7.6-41):
An ATM conneetion is described by the simultaneous use of the Downstream_MPEG_CBD an
Downstream~"ATM_CBD. The Program_Number and Frequency is obtained from the Downstrdam_MPEG_CBD.
Thg VPI/VCI is obtained from the Downstream_ATM_CBD. The Downstream_ATM_CBD Freqgliency shall
maichthe Downstream_MPEG_CBD Frequency; the Downstream_ATM_CBD Type shall be QAM.

7.7.5 Framing structure when carrying ATM

7.7.5.1 Mapping of ATM cells

A framing structure is required to transport ATM over a coax network. This structure provides synchronization for
interleaving and FEC block alignment appropriate to the coax environment. This function is similar to that
provided by SDH and SONET frames for similar functions related to their respective environments.

This structure supports the carriage of the ATM services needed for DAVIC 1.3.1a functionality. The

applicability of this structure to other ATM services would need to be determined on a case by case basis.
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188-byte ATM transport MUX packets shall be used for the carriage of ATM over a coax network. This packet
structure provides synchronization and payload. The format of the packet structure is shown in Figure 7.7-4. The
steps (b), (c) and (d) shown in Figure 7.7-3 shall also apply to ATM transport MUX packets.

SYNC PAYLOAD
Packet n 1 byte 187 bytes ATM transport MUX packets
SYNC PAYLOAD (two-packet sequence)
Packet n+1 [ 1 pyte 187 bytes
7 ATM cells + 3 control bytes per two-packet sequence
ok CTREO ATivreettt ATvTelt2 ATivreelt3 ATivcett(part)
acketn 1 byte 53 bytes 53 bytes 53 bytes 27 bytes
X CTRL1 | cell 4 (cont) ATM cell 5 ATM cell 6 ATM cell 7 CTRL2
acketn+l | 1 pvie | 26 bytes 53 bytes 53 bytes 53 bytes 1 pyte

The fields in the ATM transport MUX packets are defined as:

SYNC The sync byte is a fixed 8 bit field with value 01000421b used for frame
synchronization.
PAYLOAD This field carries 187 bytes of payload and is‘described in detail below.

A transnrfission convergence sublayer is used to map the ATM cells into the payload provided by the
bytes are defined for this functionality labeled CTRLO, CTRL1, and €TRL2. The alignment of the AT

Figure 7.7-4 - Framing structure when carrying ATM.

frame. Three
M cells is

synchronized to a two packet sequence as shown below. This/provides rapid cell delineation and cell delineation
recovery|after errors. The format is also shown in Figure-4.

CTRLO This byte indicates that a packet.s the first of the two packet sequence. Itg value is
E1PSSSSSb where E, P, and‘S-bits are defined below. This also indicateq that the first
byte of an ATM cell immediately follows.

CTRL1 This byte indicates that a‘packet is the second of a two packet sequence. Jts value is
EOPSSSSSb where E;-P, and S bits are defined below.

CTRL2 This byte is reserved."1t will be defined for carriage of operation, administration, and

Definitiom of E, P and S bit setting:

maintenance infermation (OAM).

E (error) The transpart error indicator is a 1 bit flag. When set to “1”, it indicates thgt at least 1
uncorrectable bit error exists in the associated packet. This bit may be setlto “1” by
entities in the transport layer. When set to “1”, this bit shall not be reset to {0” unless
thetbit'value(s) in error have been corrected.

P (priority) The transport priority is a 1 bit indicator. When set to “1”, it indicates that the

S$SSS (stufiing)

ATM Tra

associated packet is a greater priority than the packets with the transport g
HO”.

This fixed 5 bit field with value 11110b. Any packet without this value shq
discarded. This could indicate that the associated packet is used for stuffin
and does not contain valid payload. One or more of these packets may be
anywhere in the stream.

riority set to

uld be
g purposes
placed

ledia

dependent sublayer. This means that usage of the High Reliability Marker, channel coding, byte-to-symbol
mapping, QAM modulation and baseband filter characteristics shall apply in an identical way to the transport of
ATM Transport MUX packets and MPEG-2 Transport MUX packets.

7.7.5.2 Cell specific functionalities

7.7.5.2.1 HEC Generation/Verification

The entire header (including the HEC byte) shall be protected by the Header Error Control (HEC) sequence. The
HEC code shall be contained in the last byte of the ATM header.
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The HEC sequence shall be capable of:

e single bit error correction

o multiple-bit error detection
Error detection in the ATM header shall be implemented as defined in [ITU-T 1.432].
The HEC byte shall be generated as described in [ITU-T 1.432], including the recommended modulo-2 addition
(XOR) of the pattern 01010101b to the HEC bits.
The generator polynomial coefficient set used and the HEC sequence generation procedure shall be in accordance
with [ITU-T 1.432].

7.7.5.2.2 Cell Randomization and Derandomization

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, ATM cell
(de)randomization is not needed to improve the efficiency of the ATM cell delineation algorithm.
Therefore, ATM cell randomization shall not be applied.

7.715.2.3 Cell Delineation

Singe the ATM cell boundaries are synchronous to the ATM transport MUX packets, thenimplementation of an
ATM cell based delineation is not needed in the STB.

7.7.6 High Reliability Marker (HRM)

Thq High Reliability Marker (HRM) is system transparent tool that provides improved packet syphchronization
robyistness. It is a transparent tool because the inclusion or exclusion of the’ HRM does not affgct interoperability
of DAVIC system components. This transparency is accomplished bythe/format of the HRM ag a field carried in
the|normal payload area of a standard MPEG-2 Transport Stream (MPEG-2-TS) null packet. The header of the
HRM packet shall conform to the MPEG-2-TS null packet definition, The PID of the HRM is asgigned a value of
Ox1FFF, which is the PID value that is assigned for null packets:. The HRM packet is inserted into the MPEG-2
Trapsport Stream prior to the framing operations of randomization and interleaving.
Thqg inclusion or exclusion of the HRM tool by DAVIC systems components (such as STBs, Delivery components,
Seryers, etc.) shall not affect the compliance of such components to the DAVIC specifications.
Thg High Reliability Marker (HRM) consists of a 184-byte Linear Feedback (LFSR) generated pgattern. The HRM
padket (where HRM packet is defined as an MPEG-2-TS packet which contains the PID value Px1FFF and the
HRM field in the packet payload) is sent in constant intervals of 204 packets. The LFSR generdted patterns is
defined by the polynomial:

XC+xe+x°+x+1

with an initial seed value of 10000000
Thgq HRM packet is illustrated in Figure 7.7-5.

TS Pakket Heade Pavioad
- 4 Octets > < 184 Octets .
Swne PID HRM

Figure 7.7-5 - HRM Packet

An important feature of the HRM tool is the fact the HRM packet is transparent in DAVIC components which do
not utilize the HRM tool, and this transparency allows for full interoperability between DAVIC components
which utilize the HRM tools and DAVIC components which do not utilize the HRM tool.

This transparencyl/interoperability issue is described as follows:

(1) A DAVIC compliant multiplexer which utilizes the HRM tool as part of its multiplex structure will produce an
MPEG-2 Transport Stream in which every 204th TS packet is an HRM packet. DAVIC compliant demultiplexers
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that do not utilize the HRM tool will discard the MPEG-2-TS packet which contains the HRM because the null
PID value will not be part of any defined program. DAVIC compliant demultiplexers that utilize the HRM tool
will accept the MPEG-2-TS packet that contains the HRM, via recognition of the HRM in a designated MPEG-
2-TS null packet, and will utilize this information in its packet synchronization algorithm.

(2) A DAVIC compliant multiplexer which do not utilize the HRM tool will generate a MPEG-2 Transport

Stream that does not include the HRM packet. DAVIC compliant demultiplexers that do not utilize the HRM tool
are unaffected. DAVIC compliant demultiplexers that do utilize the HRM tool will operate without the HRM,
although without the additional synchronization robustness that would exist if the HRM was present.

7.7.7 Channel coding

To achieve the appropriate level of error protection required for cable transmission of digital data, a FEC based on
Reed-Solomon encoding shall be used. Protection against burst errors shall be achieved by the use of byte
interleaving.

7.7.7.1 |Randomization for spectrum shaping

The Sysfem input stream shall be organized in fixed length packets (see Figure 7.7-3) followingthe MPEG-2
Transpoft Stream. The total packet length of an MPEG-2-TS packet is 188 bytes. This includées 1 syhc-word byte
(i.e. 47hex). The processing order at the transmitting side shall always start from the MSB (i.e. 0) of the sync
word-byte (i.e. 01000111).
In order o ensure adequate binary transitions for clock recovery, the data at the output of the MPEG-2-TS
multiplexer shall be randomized in accordance with the configuration depicted in Figure 7.7-6.
The polyphomial for the Pseudo Random Binary Sequence (PRBS) generatqorshall be:

1+ X34+ x15

Loading pf the sequence "100101010000000" into the PRBS registers¢as-indicated in Figure 7.7-6, shall be
initiated at the start of every eight transport packets. To provide an initialization signal for the derandomizer, the
MPEG-2|sync byte of the first transport packet in a group of eight packets shall be bitwise inverted filom 47hex to
B8hex.

initialization sequence
1 01 010000O0O0O0
415[6|7]8}9|10(11/12|13|14(15

P e

—»

00000011, <—

EX-O
B S
>

S
|—> Randomized/clear

data output

Enable Clear/randomized
data input
Data input (MSB first)1 0 1|1 100 0 X X X[X X X X X .... |
PRBSsequernce: | 00010001t

Figure 7.7-6 - Randomizer/derandomizer schematic diagram.

The first bit at the output of the PRBS generator shall be applied to the first bit of the first byte following the
inverted MPEG-2 sync byte (i.e.B8hex). To aid other synchronization functions, during the MPEG-2 sync bytes
of the subsequent 7 transport packets, the PRBS generation continues, but its output shall be disabled, leaving
these bytes unrandomized. The period of the PRBS sequence shall therefore be 1503 bytes.

The randomization process shall be active also when the modulator input bit-stream is non-existent, or when it is
non-compliant with the MPEG-2 Transport Stream format (i.e. 1 sync byte + 187 packet bytes). This is to avoid
the emission of an unmodulated carrier from the modulator.
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7.7.7.2 Reed-Solomon coding

Following the energy dispersal randomization process, systematic shortened Reed-Solomon encoding shall be
performed on each randomized MPEG-2-TS packet, with T = 8. This means that 8 erroneous bytes per packet can
be corrected. This process adds 16 parity bytes to the MPEG-2-TS packet to give a code word (204,188). RS
coding shall also be applied to the packet sync byte, either non-inverted (i.e. 47hex) or inverted (i.e. B8hex).

The Reed-Solomon code shall have the following generator polynomials:

Code Generator Polynomial:  g(x) = (x40 (x+pub)(x+u?) ... (x+ul®), wherep= 02hex

Field Generator Polynomial: p(x) =X+ x4+ x3+ x2+ 1

The shortened Reed-Solomon code shall be implemented by appending 51 bytes, all set to zero, before the
information bytes at the input of a (255,239) encoder; after the coding procedure these bytes are discarded.

7.7.7.3 Convolutional interleaving

protected packets

tible with the
[he Interleaved
G-2 sync bytes

input switch. Each
N = 204 = error
protected frame length, | = 12 = interleaving depth, j = branch index). Thercells of the FIFO shalll contain 1 byte,

and the input and output switches shall be synchronized.
For[synchronization purposes, the sync bytes and the inverted sync-bytes shall be always routgd into the branch
"0" pf the interleaver (corresponding to a null delay).
Theg deinterleaver is similar, in principle, to the interleaver, but the\branch indexes are reversed|(i.e. j =0
corfesponds to the largest delay). The deinterleaver synchronization is achieved by routing thelfirst recognized
syng byte into the "0" branch.
Convolutional Convolutional
index Sync word ;o/ute
0  Sync word route 0 0 77 0
Pa— ° — M MM|"), |Ml—e
1 1 77
— M e | | - ——
2 2 \ f I-4 -4 \
e )
/O—I\/II\/I ® Channe — M[M[M
3 3 -3 -3
1 byte per I-2 -2
posifion T ~A\J 7//7 o ® M 1
-1 77 -1 I-1 -1
MM (M7, [ M ° °
77
delay = index*M, index=0..1-1 delay @-1-index)*M, index=0..I-1
M | M-stage FIFO shift register 1=12 for 16/64QAM 1=12, 34 or 204 fof 256QAM

Figure 7.7-7 - Conceptual diagram of the convolutional interleaver and de-interleaver.

7.7.8 Byte to symbol mapping

After convolutional interleaving, an exact mapping of bytes into symbols shall be performed. The mapping shall
rely on the use of byte boundaries in the modulation system.

In each case, the MSB of symbol Z shall be taken from the MSB of byte V. Correspondingly, the next significant
bit of the symbol shall be taken from the next significant bit of the byte. For the cd8&€)#N modulation, the
process shall malp bytes inton symbols, such that:

8k=n.m
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The process is illustrated for the case of 64-QAM (where m =6, k = 3 and n = 4) in Figure 7.7-8.

Byte V I Byte V+1 . Byte V+2

From interleaver b7 b6 b5 b4 b3 b2 bl bf b7 b6 b5 b4 b3 b2 bl bl b7 b6 b5 b4 b3 b2 bl bp
output (bytes) ‘ ‘

Y Y Y
To differential |5 pa b3 b2 b1 bp b5 ba b3 b2 bl hO b5 bd b3 b2 b1|b0 b5 ba b3 b2 H1 b0
encoder ‘ ]

(6-bit symbols)

Symbol Z Symbol Z+1 Symbol Z{Z Symbol 24}3

NOTE 1: b0 shall be understood as being the Least Significant Bit (LSB) of each byte or m-tuple.

NOTE 2: In this conversion, each byte results in more than one m-tuple, labeled Z, Z+1, etc. with £ being
transmitted before Z+1.

Figure 7.7-8 - Byte to m-tuple conversion for 64-QAM
The two most significant bits of each symbol shall then be differentially coded in orderto-abfirmtation-

invariant| QAM constellation. The differential encoding of the two MSBs shall be given by the followirlg Boolean
expressipn:

L =(A®B).(A® 1,,)+(A® B).( A® Q)
Q =(A®B)(B® Q,)+( A® B)J(B® I,)

Note: For the above Boolean expressifh™denotes the"EXOR function, "+" denotes the logical OR|function,
"." denotes the logical AND function and the overstrikerdenotes inversion.

Figure 7]7-9 gives an example of implementation of byté.to symbol conversion.

q bits bq—l ...bo)

8 Byt
! %loe B =8 Q ) land Q _) |
— s - - k
from m-tuple 4) dn‘ferenual‘)
K

. . mappin
cqnvolutional conversion A b | ppIng

g+1y | encoding K _) Q
inferleaver 4) 4)

g=2 for 16QAM, g=4 for 64QAM, g=6 for 256QAM

Figure 7.7:9 - Example implementation of the byte to m-tuple conversion
and the differential encoding of the two MSBs.

7.7.9 Quadrature Amplitude Modulation (QAM)

Quadratdyire amplitude modulation (QAM) is used as a means of encoding digital information over wifeline, or
fiber transmission links. The method is a combination of amplitude and phase modulation techniques. QAM is an
extension of multiphase phase shift keying which is a type of phase modulation. The primary difference between
the two is the lack of a constant envelope in QAM versus the presence of a constant envelope in phase shift
keying techniques. The technique is used as a result of its performance with respect to spectral efficiency.

QAM is closely related to the original non-return-to-zero (NRZ) baseband transmission. All QAM versions can be
formed by generating two multilevel pulse sequences from the initial NRZ sequence, and applying these to two
carriers that are offset by a phase shift of 90 degrees. Each modulated carrier then yields an AM signal with
suppressed carrier. Since carrier multiplication in the time domain corresponds to a shift in the frequency domain,
the modulated spectrum maintains the shape of the two-sided baseband signal spectrum.
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The spectrum of a QAM system is determined by the spectrum of the baseband signals applied to the quadrature
channels. Since these signals have the same basic structure as the baseband PSK signals, QAM spectrum shapes
are identical to PSK spectrum shapes with equal numbers of signal points.

Even though the spectrum shapes are identical, the error performances of the two systems are quite different. With
large numbers of signal points, QAM systems always outperform PSK systems. The basic reason is that the
distance between signal points in a PSK system is smaller than the distance between points in a comparable QAM
system.

QAM can have any number of discrete digital levels. Common levels are 4 QAM, 16 QAM, 64 QAM and 256

QAM. It is based on amplitude modulation of “quadrature” carriers, 90 degrees out of phase with each other. For
the DAVIC specification, 16 QAM, 64 QAM and 256 QAM levels are defined.

The implementation of the QAM (de)modulator shall comply to the specifications given in Table 7-19.

Table 7-19 - Specifications for QAM Modulation

Mogiutation 1664256 QANMrotatiomatty-nvarfant-coding—Fwograckes of QAM
level are defined:
Grade QAM Level
A 16 and 64
B 16 and 64 and 256

A QAM modulator (transmitter) shall support-atleast one qf the QAW
levels: 16, 64 or 256. A QAM demodulator(receiver) shall support A or
B grade of QAM level.

Carrier Frequency 6 MHz or 8 MHz spacing is applied.
Carrier Frequency Accuracy +/- 20 parts per million (ppm) ford6, 64 and 256-QAM njeasured fat the
upper limit of the frequency range
Frepuency Range 54 MHz - 1 GHz.
The receiver shall operate*qver the entire specified frequepcy rangdg.
Symbol Rate 6 MHz: The STB shall support at least one rate within thg 5-5.304

Mbaud symbol rate fange. For systems that support inbanfl signaling for
upstream control, the value shall be a multiple of 8 kbaud.
(Informative: The.recommended value is 5.304 Mbaud)

8MHz: The STB’shall support at least one rate within the §-6.952 Mpaud
symbol rate¥ange. For systems that support inband signaling for
upstream“eontrol, the value shall be a multiple of 8 kbaud
(Informative: The recommended value is 6.952 Mbaud)

Phgse Noise </5 dBc/Hz @ 1 kHz
£-85 dBc/Hz @ 10 kHz
<-100 dBc/Hz @ 100 kHz and above

Sighal Element Coding Differential quadrant coding and Gray coding within quadrant

Trapsmitted Spectrum Square root raised cosine approximation. Roll-off faetor:0.1L3 (for 6
MHz) or a. = 0.15 (for 8 MHz).

Modulation I/Q amplitdde* imbalancg < 0.2 dB

Modulation 1/Q timing misalignmeny < 0.02 T (T = Symbol Period)

Modglulation quadrature imbalance < 1.0 degree
Regeive Levelatthe RF physical | 16,64-QAM: 52 - 80 dBmicroV (RMS) (75 Ohm)
interface input’(per QAM 256-QAM: 62 - 80 dBmicroV (RMS) (75 Ohm)

downstreéam in-band channel)

C/N atthe demodulator input (whitg 16,64-QAM: > 30 dB @ BER<1x10E-12 (after error correction)

<) 206 OAMN- 260 AD M DPDED1v10E 192 (Afnr nrerar ~nrennti A
nol T o0~V = o0 U & O S<TATO Tz (antCTC 1ot correeton

(i.e. 1 error in 7 hours at 40 Mbit/s)

Power Level differences between | 16,64-QAM: -10 to 0 dB
digital QAM channels (RMS) and | 256-QAM: -6 to 0 dB
analog channels (peak)

Adjacent Channel level _ < 3dB (same QAM channels types)
< 6 dB (different QAM channels types; only for the case 16/64-QAM
adjacent to a 256-QAM)

The modulation of the System shall be Quadrature Amplitude Modulation (QAM) with 16, 64 or 256 points in the
constellation diagram.
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The System constellation diagrams for 16-QAM, 64-QAM and 256-QAM shall be as given Figure 7.7-10, Figure
7.7-11, and Figure 7.7-12 (Figure 7.7-13 for | = 12) respectively.

As shown in the constellation diagrams, the constellation points in Quadrant 1 shall be converted to Quadrants 2,
3 and 4 by changing the two MSB (i.gaind Q) and by rotating the q LSBs according to the following rule

given in Table 7-20.

Table 7-20 - Conversion of constellation of quadrant 1 to other quadrants of the
constellation diagrams given in Figure 7.7-10, Figure 7.7-11, Figure 7.7-12 and Figure 7.7-13.

Quadrant MSBs LSBs rotation
1 00 0
2 10 + n/2
3 11 +7
4 01 + 372
Q
11 01 10 11
@ @ -+ @ @
Q=10 L 1,Q, =00
10 00 00 01
@ @ -+ @ @
l l l l l ] !
| | | | I |
01 00 00 10
@ @ -+ @ @
Ika:1l 1 Ika201
11 10 01 11
@ ) —+ @ @

Figure7:7-10 - 16 QAM Constellation diagram
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Figure 7.7-11 - 64 QAM Constellation Diagram
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qure’7.7-12 - 256 QAM Constellation Diagram. IkQk are the two MSBs in each quadrant ang

nranaandad-ta-th netallation ol + malata-th [0 1 “S- RPN i
MITPCTTIUTU TU UTC CUTISITTIAtuUTT vaiut o tu CUTTTPITCTIT U1C UTUIL valuc.,

should be

When the 1=12 interleaver is used for 256 QAM, the following constellation shall be used. The same scheme as
described above shall be applied to obtain the constellations points in the other 3 quadrants.
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7 100000 100001 100101 100100 110100 110101 110001 110000
+ @ [ J [ J [ J [ J o o o
7 100010 100011 100111 100110110110 110111 110011 110010
+ @ [ J [ J [ J o o o o
7T 101010 101011 101111 101110 111110 111111 111011 111010
+ @ [ J [ J [ J o o o o
7T 101000 101001 101101 101100111100 111101 111001 111000
+ @ [ J [ J [ J [ J o o o
1 I O, =00
001000 001001 001101 001100011100 011101 011001 011000 K ~ k
+ @ [ J [ J [ J [ J o o o
7T 001010 001011 001111 001110 011110 011111 011011 011010
+ @ [ J [ J [ J [ J o o o
7 000010 000011 000111 000110010110 010111 010011 010010
+ @ [ J [ J [ J o o o o
T~ 000000 000001 000101 000100 010100 010101 010001 010000
+ @ [ J [ J [ J o o o o I
| | | | | | | | | | | | | | | I

Figure 7.7-13 - 256 QAM Constellation Diagram for I'= 12 Interleaver

nodulation, the 1 and Q signals shall be square-root raised cosine filtered. The roll-off factor

z) or 0.15 (for 8 MHz). The square-root raised cosiqe filter shall have a theoretical function
Ving expression:
H(f)=1 for| f| < f, (1- a)
U2
1 1. x| fy—[f
H(f)==+=sin—| —&— forf,l—a)|f|I<f 1+«
(){ZZZfN[a v A-a)s|f< Ty A+ a)
H(f)=0 for|f|> f\ (1+ a)
1_R
fN = —_—=
where 2T, 2 is the Nyquist frequency

and, rolltoff factor oo = 0.13 (for 6 MHz) or a=0.15 (for 8 MHz).

smitter filter characteristic is given in the following section.

Baseband filter characteristics

7.7.10.1 Impulse Response tor the Transmit Filter

shall be 0.13
defined by

The time-domain response of a square-root raised-cosine pulse with excess bandwidth paiamgitn by:

where T

sin [Z5(1 - a)]+ 2% cos [EL @+ a)]
g(t) = u u
7[1'[1_ (4at)2]
T T

is the symbol period.

The output signal shall be defined as
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S(t) = [Z |n e g(t— nT)] .Cos(27rfct)_ [Z Qn e g(t— nT)]e Sin(27rfct)

n n

where T is the symbol period (T=3/fand { the modulator’s carrier frequency.

I, and @ equal to +1 or £3, independently from each other, for 16-QAM;

I, and @ equal to 1 or 3 or +5 or £7, independently from each other, for 64-QAM;

I, and Q equal to 1 or £3 or 5 or £7 or £9 or £11 or £13 or £15, independently from each other, for 256-QAM.
The convolution of the transmitter filter impulse response with itself shall have low intersymbol interference less
than -40dB (RMS).

7.7.10.2 Baseband filter characteristics for 8 MHz

Thegtemptategiverrim Figure 7- 7-14 stattbeusedas a o requitermeTtt for trardware mpjementation of the
Nyquist filter. This template takes into account not only the design limitations of the digital filtep] but also the
artifacts coming from the analogue processing components of the System (e.g. D/A conversior], analogue filtering,
etc)).
Theg value of in-band ripple,rin the pass-band up to 0.§pghall be lower than 0.4 dB,-The out-of-pand
rejgction shall be greater than 43 dB. The ripglatrthe Nyquist frequencyfshall be lower than 0.4|dB.
Th filter shall be phase linear with the group delay rigple.1 T, up to §, where, ¥51/R;is the symbol

perfod. The group delay distortion is assumed to be from the analog filtering.

H(f
A HO
fN : Nyguist frequency
0dB "m 1 \
7
‘ frequency
%j l’N <0.4dB
in-band rippler,, <0.4 dB N
-3.01de . L] rN
! ‘ , out-of-band rejectign
| ‘ >43dB
-43 ds | 3 // // //%
0.85fN f N 1.15fN

Figure *7/7-14 - Half-Nyquist baseband filter amplitude characteristics for 8 MHz

7.7110.3 Baseband filter characteristics for 6 MHz

Thg template given in Figure 7.7-15 shall be used as a minimum requirement for hardware impJementation of the
Nyduistfilter This template takes into account not only the design limitations of the digital filter | but also the

artifacts coming from the analogue processing components of the System (e.g. D/A conversion, analogue filtering,
etc.).
The value of in-band ripple,frin the pass-band up to 0.8/ $hall be lower than 0.4 dB. The out-of-band

rejection shall be greater than 43 dB. The ripglatrthe Nyquist frequencyfshall be lower than 1.0 dB.

The filter shall be phase linear with the group delay rigple.0 T (ns) in the pass-band up to 0.&7and< 2.0
T at fy, where T = 1/R;is the symbol period. The group delay distortion is assumed to be from the analog
filtering.
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A HO
fN : Nyquist frequency
0dB Mm .
7
frequency

7

r'y<1.0dB
in-band rippler,,;, <0.4 dB N
-3.01d8 . . o] N
out-of-band rejection
\ > 43 dB
-43 dB %

7.7.11

Table 7-21 gives examples of the wide range of possible cable symbol rates and occupied bandwidt

O.87fN

Information Bit Rate

N

f 1.13fN

useful bif rates considering 16-QAM, 64-QAM and 256-QAM constellations.

Table 7}21 - Examples of useful bit rates Ru and total bit ratesRt using recommended symbol rate

off = 13% for 6 MHz and roll-off = 15%for 8 MHz).

Figure 7.7-15 - Half-Nyquist baseband filter amplitude characteristics for,6-MHz.

Modulation Useful bitrate R |, | Total bitrate R ¢ Cable Occupied
scheme (MPEG-2 including symbol rate | bandwidth
transport layer) RS(204,188) and [Mbaud] [MHZ]
[Mbit/s] HRM if applied
[Mbit/s]
16-QAM 19.448 21.216 5.304 6.0
64-QAM 29.172 31.824 5.304 6.0
256-QAM 38.896 42.432 5.304 6.0
16-QAM 25.491 27.808 6.952 8.0
64-QAM 38.236 41.712 6.952 8.0
256-QAM 50.981 55.616 6.952 8.0
16-QAM (HRM) 19.353* 21.216 5.304 6.0
$4-QAM (HRM) 29.030* 31.824 5.304 6.0
256-QAM (HRM) 38.706* 42.432 5.304 6.0
16-QAM (HRM) 25.367* 27.808 6.952 8.0
$4-QAM(HRM) 38.050* 41.712 6.952 8.0
256:QAM (HRM) 50.732* 55.616 6.952 8.0

demultiplexing process.

7.7.12 Coaxial Cable Impedance

F)\JFhe data rate shown is the effective data rate excluding HRM. Actual bit rate of MPEG-2-TS is the
d : _ - . > e ;

ns for different

5 (roll-

The coaxial cable nominal impedance shall be 75 Ohm over the frequency range as specified in Table 7-19.

7.7.13 Media Interface Connector

At the user device, the jack/socket shall be a IEC 169-2 female connector (75 Ohm) or F-Type female connector

(75 Ohm).
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7.7.14 Inband Signaling for the Downstream QAM Link

When the QAM-Ilink is utilized as the Downstream MAC control channel, the relationship between the QAM-link
and the related upstream QPSK channels is defined in Section 7.8.2.6. This configuration, commonly referred to
as in-band signaling, utilizes the downstream QAM-link to transport the HFC MAC information to the STU, as

well as timing information needed to coordinate transmission of information in the upstream QPSK message slots.

7.7.14.1 MAC Control Message Structure when Transmitting MPEG-2-TS packets

The MAC Control Message structure that is utilized when the downstream QAM channel is carrying MPEG-2-TS
packets is shown in Figure 7.7-16.

4 3 2 3 26 26 40 40 40 4

MRPEG | Upstream| Slot MAC MAC Ext. MAC MAC MAC Rsrvc
Hegader| Marker | Number| Flag Flags | Flags | msg. msg. msg:
Control

Figure 7.7-16 - MAC downstream message structure (MPEG-2_TS)format)

Thg message fields as shown in the MAC downstream message structure.(Figure 7.7-16) are defined as:
MPEG Header s the 4 byte MPEG-2 Transport Stream Header as defined.in ISO/IEC 13818-1 |with a specific
P10 designated for MAC messages by stream_type 0xCO.
Upgtream Marker is a 24 bit field which provides upstream QPSK synchronization information. [The definition
of the field is as follows:

bit 0: upstream marker enable(MSB)
When this field has the value ‘1’, the slot marker painter is valid. When this field has th¢ value ‘0’, the
slot marker pointer is not valid.

bit 1-7: reserved

bit 8 - 23: upstream slot marker pointer
The slot marker pointer is a 16 bit unsigned-integer which indicates the number of “symbol” clocks
between the first symbol of the next Sync’byte and the next 3msec marker.
Slot Number is a 16 bit field which is defined\as follows:

bit 0: slot position register enablgMSB)

When this field has the value ‘1% the slot position register is Viliden this field has the value ‘0’, the
slot position register is not valid.

bit 1-3: reserved

bit 4 is set to the value.‘1*

bit5: odd parity

This bit providesedd parity for the slot position register

bits 6-15: upstream slot position register

Thq slot position register is a 10 bit counter which counts from 0 to N with bit 6 the MSB.
(See Sedtion 7.8.1.9 ESF Mbit Data Link for the functionality of the slot position registér).
MAL Flag Control’is a24 bit field (b0,b1,b2, ... b23) which provides control information which i$ used in
conjunction with the MAC Flags ariektension Flags. The definition of the MAC Flag Control field is as follows:

b0=-b2 channel 1 flag field control
b3-b5 channel 2 flag field control
b6-b8 channel 3 flag field control
b9-b11 channel 4 flag field control
b12-b14 channel 5 flag field control
b15-b17 channel 6 flag field control
b18-b20 channel 7 flag field control
b21-b23 channel 8 flag field control

Each of the above channel “x” flag field control fields are defined as follows:
channel x flag control (a, b, c)

bit a: 0 channel x flag field disabled
1 channel x flag field enabled
bit b, c: 00 all flags valid for second previous 3 ms (6 ms for 256 kb/s US) period

(out-of-band signaling equivalent)
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configur

Extension Flagsis a 26 byte field which is used when one or moré 3:088 Mbit/s upstream QPSK links
The defiition of the Extension Flags field is identical to the definition of the MAC Flags field above.

When 3.

gpsk_slgt_configuration fields. The definition of the first slot'configuration field is unchambedlefinition

the seco

indicatorp cover slots 10 through 18.

MAC Messagecontains a 40 byte message, the general format defined in Section 7.8.3.3 MAC Inforfnation

Transpo

rsrvc is g 4 byte field reserved for future use.
p 40 byte MAC Message fields aré€ utilized sequentially, i.e., if there is no MAC message in the first field,

following fields are empty, efthe algorithm shown in Figure 7.7-17 can be used to properly garse the
MAC mepssage fields.

The thre
then the

01 flags valid for 1st ms of previous 3 ms (6 ms for 256 kb/s US) period

10 flags valid for 2nd ms of previous 3 ms (6 ms for 256 kb/s US) period

11 flags valid for 3rd ms of previous 3 ms (6 ms for 256 kb/s US) period

MAC Flags is a 26 byte field containing 8 slot configuration fields (24 bits each) which contain slot configuration
information for the related upstream channels followed by two reserved bytes. The definition of each slot

ation field is defined as follows:

b0 = ranging control slot indicator for next 3 ms period (MSB)

b1l-b6 = slot boundary definition field for next 3 ms period

b7 = slot 1 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period

b8 = slot 2 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period

b9 = slot 3 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period

b10 = slot 4 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period

b1l = slot 5 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period

b12 = slot 6 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period
13 = slot 7 reception indicator for [second]| previous 3 ms (6 ms for 256 kb/s US) perio
14 = slot 8 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) perioi
15 = slot 9 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) ‘perio

16-17 =reservation control for next 3 ms (6 ms for 256 kb/s US) period
18-b23= CRC 6 parity
See also Section 7.8.1.10 SL-ESF Frame Payload Structure).

he slot configuration fields are used in conjunction with the MAC Flag Controel field defined jabove.
ote that when the MAC Flag Control field designates that a 1 msec flag Update is enabled;|(1) the

ception indicators refer to the previous 3 ms (6 ms for 256 kb/s US) fibiedoracketed term
econd] is omitted from the definitior(R) only the reception indicatofs ‘which relate to slots wih

ich

ccur during the designated 1 ms period are valid, and (3) the ranging control slot indicator, [slot

oundary definition field, and reservation control field are valid:and consistent during each 3
r 256 kb/s US) period.

D88 Mbit/s QPSK upstream links are used, Each 3.088 Mbit/s upstream channel utilizes twg

nd slot configuration field extends the boundary definition to slots 10 through 18, and the re¢

t
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Check first MAC message field

v

Are the first two bytes of

YES
MAC message equal to zero?

No MAC
messages

detected

NO

Is the length of message in first Is the length

i 2 ———

field areater t|han 40 bvtes ~ YES of the NO

message |—
l NO greater than
80 hytes ?
Check second MAC message field

l YES

Are the first two bytes of MAC Single MAC
message equal to zero?
message

detected

—

NO

Is the length of message in second ES. g TWo MAC
field greater than 40 bytes ? — 7 -~ messages
detected

NO
Check third MAC message field Check third MAC message field
Are the first twg bytes of the Are the first two bytes of the
MAC message equal to zero| MAC message equal to zero?

)

.

Three MAC
messages
detected

Two MAC
messages
detected

Figure 7.7-17 - MAC Message Field Parsing Algorithm.

7.7

: | I o "

The MAC Control Message structure that is utilized when the downstream QAM channel is carrying ATM cells is
shown in Figure 7.7-18.

YES
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2 2 3 2 3 26 26 40 40 40 4
MAC | rsrva| Upstream  Slot MAC MAC Ext. | MAC | MAC | MAC | rsrvc
Header Marker | Number| Flag Flags | Flags| msg. | msg. | msg.
Control

Figure 7.7-18 - MAC downstream message structure (ATM structure)

The message fields as shown in the MAC downstream message structure (Figure 7.7-16) are defined as:
MAC Header is a 2 byte field composes of SYNC and CNTL3, which are defined as

SYNC:
CNTL3:

rsrva is 4
Upstrear]
Slot Nu
MAC FI
MAC FI

Extensionh Flags
MAC Message

Isrvc

7.7.14.

47Hex
E1PSSSSSb where E, P, and S are defined below.

E—Fransporterror-indicatot
The transport error indicator is a 1 bit flag. When set to “1”, it indicates that at least)l
uncorrectable bit error exists in the associated packet. This bit may be set to “T% by
the transport layer. When set to “1”, this bit shall not be reset to “0” unless the“bit vajue(s) in
error have been corrected.
P: Transport priority
The transport priority is a 1 bit indicator. When set to “1”, it indicates'that the associated packet
is a greater priority than the packets with the transport priority set'to-*0".
SSSSSThis fixed 5 bit field with value of 11111b.

L 2 byte field reserved for future use.

n Marker is defined in Figure 7.7-18 above.

ber is defined in Figure 7.7-18 above.
Control is defined in Figure 7.7-18 above.
S is defined in Figure 7.7-18 above.

is defined in Figure 7.7-18 above.
is defined in Figure 7.7-18 above.

is defined in Figure 7.7-18 above:

Frequency of MAC Downstream Message for Inband

pntities in

The MAC Control Message structure must be tragsmitted at least once every 3 milliseconds with anjenabled slot
number (slot number enable = 1), a valid upstreéam marker (upstream marker enable = 1), and valid MAC flags (as
designated by the MAC Flag Control field). Additional MAC Control Messages may be transmitted diiring any 3
millisecopd period with a disabled slot number (slot number enable = 0) field, a disabled upstream njarker field
(upstream marker enable = 0), and disabled MAC Flags (as designated by the MAC Flag Control fie|d).

7.7.14.4

In order
the systq

Timing Considerationsfor Utilizing the Upstream Marker Field

o describe how this-tpstream Marker can be used to derive the location of the 3 msec marker, consider
m diagram in Figure’'7.7-19.
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Headend Delays Datalink : gat0n Box Delays
. Delays
DATA
Ds D D, D +d, ds dq4
Dia
! : Dis
Figure 7.7-19 - System Model for Timing Analysis
Theg delay between the location of the end of the Upstream Marker and the beginning of the ne

degignated as is a constant value for each bit rate equal to the equivalent time-of 197 bytes, (
(197 * 8 /x) symbol clocks where X = 4, for 16 QAM
6, for 64.QAM

8, for\256 QAM

re will be some processing delay in the Headend hardware between the location where the
rted in the MAC packet and the arrival of the data into the intefleaver. This should be a con
Ch is the same for every incoming byte, including the sync byte following the Upstream Mar
delay due to the interleaving process in the Headengd &)@ will be zero for each sync byte.
re will be some processing delay in the Headend hardware between the output of the interl
e QAM modulator. This should be a constant delayfdd every byte in the outgoing stream.
data link is composed of two delay values,tBe,canstant link delay that every STU experien
able link delay for each STU which is due to the-fact that each STU is located at a different
idend. This variable link delay is compens#ietly the ranging operation.
re will be some processing delay in the STU hardware between the input of the QAM demag
inpuit of the deinterleaverhis delay is designdependeny, @hd may be a constant delay or a varig
each byte in the data stream.
Thqg delay due to the deinterleaving,process in the ST jsbBd will be equal to the entire interlea
each sync byte.
Thq total interleave delay,

D, =Dia + Dig
will[oe constant for each hytéhe value will be given by

D, = 204 * 8 *interleave_depth / bit rate
for example, if the moddlation is QAM 64 with a baud rate of 5.0 Mb/s,

D, = 204 %8.¥ 12 BOM = 652.8 microseconds or 3,264 symbol clocks
Thegre will be some processing delay in the STU hardware between the output of the deinterlea
circlitry that(utilizes the Upstream marker and following sync byte for generating the local 3 ms
delay, which-includes Reed Solomon FEC, is design dependeahddmay be a constant delay or 3
delay for.each byte in the data stream.

The
ins4
whi
The
The
of t
The
var
Hed
The

:1999(E)

Kt Sync byte,

=

Upstream Marker is
stant,delay, D

er.

paver and the output

ces, gritial
distance from the

dulator and the
ble delay for

e delay for

ver and the
ec marker. This
variable

Ariabhe terms.

Thg acetmulated delay in the data link is composed of a number of constant terms and three v

constant terms will be identical for every STU that is utilizing a particular QAM channel for inband timing and
thus becomes a fixed offset between when the counter which is loading the Upstream Marker value and the actual
location of the 3 msec marker at each SE&kh STU is responsible for compensating for the design dependent

delays, d and d, before utilizing the Upstream Marker value for generating the 3 msec ménkerar

iable link

delay, d, will be compensated for via the ranging algorithm, in the same way as performed when out-of-band

signaling is employed.
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7.8 Passband Bi-directional PHY on coax

This Physical Layer Interface supports transmission over radio frequency coax (up to 1GHz bandwidth). It is
referred to as the bi-directional QPSK-link on HFC (Hybrid Fiber Coax).

This Physical Layer Interface describes the complete physical layer structure, i.e. framing structure, channel
coding and modulation for the carriage of S2, S3 and S4 information flows. Physical layer and framing
specifications are provided for each information flow in appropriate directions.

A summary of the spectrum allocation for the S2, S3 and S4 information flows is depicted in Figure 7.8-1.

The transmitter and the receiver in the NIU/STB (depending on the presence or the lack of the AO interface
respectively) shall operate over the entire specified frequency ranges indicated respectively in Table 7-27 and in
Table 7-23. The transmitter and the receiver in the access node shall operate within the specified ranges indicates
respectively in Table 7-23 and in Table 7-27.

Downstream

A QPSK modulated channels (S2,S3,5S4)

8 26.5

>

70 130 Ffeq(MHz)

QPSK modulated channels (S2,53,54)

\4

Upstream
Figure 7.8-1- Spectrum allocation forithe bi-directional PHY on coax.

The “Pagsband Bi-directional PHY on coax” tool and\the “Passband Unidirectional PHY on coax” toql may be
used together on the same physical medium. Figure 7.8-2 shows the spectrum allocation in this casg.

QAM modulated channels (S1,S2)

Diownstream T
A I
Freq (MHz)
8 265 \ y >
4 Il
{pt-.| 54 70 130 1000
i \ QPSK modulated channels (S2,S3,54)
\
\ 4 \QPSK modulated channels (S2,S3,S4)
Upstream

Figure 7.8-2 - Spectrum allocation for the integrated unidirectional and
bi-directional passband PHY on a single coax.

Conceptual block diagrams of the NIU/STB transceivers are shown in Figure 7.8-3 and Figure 7.8-4.
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Sync Reed-Solomo . Symbol to Rliltperr]fﬁ:igal
«— |nV(fgLfS|0n Decoder fHConvolutional Byte H Differential M_atched - Iy —
AO 204,188 Deinterleaver ; Decoder Filter &
Energy ( ) Mapping Equalizer QAM
disposal Demodulator
From RF
MAC Protocol in
20 — Byte To RF out
Solomon to L, || Differential | | Additionof || = OPSK Al
Encoder Bit Randomizer Encoder Unique Word Modulator.
(59,53) Mapping
Figure 7.8-3 - NIU/STB IB transceiver conceptual block diagram.
Reed C lutional Bit Syncshiljfnizec RF Physical
ee onvolutional 0 i Interface
“—] Solomon Deinterleaver to Derandomize p(erential Ma_tched & —
A0 Decoder Byte & Decoder Filter
Mappin i QP$K
(55,53) pping Framing Demodulator
From RF
in
MAC Protocol
A0 Reed Byte . . o RF out
to Differential Addition of QPSK >
Solomon : Randomizer . Modulator
Encoder Bit Encoder Unigue Word
(59,53) Mapping
Figure 7.8-4 - NIU/STB OOB transceiver conceptual block diagram.
7.8.1 Dewnstream Physical Interface Specification
To ¢afry,downstream information S3 and S4, as well as a limited amount of S2 data, a combingtion of quaternary
ph Sa chift kavina (OPSK) and 4 framina strycture-are cnacifiad OPSK ic Snec:fuad dne to R TST! r\reased error

STt kEy oo oo ot Trotote SpPecHear LI =4 = e o o110
PALLLS A N4 7 J ~ ~ ~

performance, its spectral efficiency, and its low peak to average power allow transmission at a high average
power.

7.8.1.1 Quaternary Phase Shift Keying (QPSK)

QPSK modulation is used as a means of encoding digital information over wireline or fiber transmission links.
The method is a subset of Phase Shift Keying (PSK) which is a subset of Phase Modulation (PM). Specifically
QPSK is a four level use of digital phase modulation (PM). Quadrature signal representations involve expressing
an arbitrary phase sinusoidal waveform as a linear combination of a cosine wave and a sine wave with zero
starting phases.

The time-domain response of a square-root raised-cosine pulse with excess bandwidth paiamgetn by:
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sin [ZL(1- a)]+ 2%V cos [EL 1+ o )]
o (1) - T T T
7Z't[1_ (4at)2]
T T

where T is the symbol period.
The output signal shall be defined as

S(t)=> [l,eg(t-nT)ecos Qzf t)- Qo g(t— nT)e sin 2z f 1]

with I, and Q equal to +1, independently from each other, anldg QPSK modulator’s carrier frequency.
The QPSK modulator divides the incoming bit stream so that bits are sent alternately to the in-phase modulator |
and the out-of-phase modulator Q. These same bit streams appear at the output of the respective phase detectors in

the demgdutatorwheretheyaremterteaved back mtoarsermatbitstreamm—————————————————————————————]

The QPSK signal parameters are:

RF bandwidth BW=@/2)* (1 +a)
Dccupied RF Spectrum JF BW/2, £, + BW/2]
$ymbol Rate f=f/2
INyquist Frequency N="fs/2

vith f, = bit rate, § = carrier frequency and = excess bandwidth.
For both|bit rates: 1.544 Mbit/s (Grade A) and 3.088 Mbit/s (Grade B), the Power ‘Spectrum at the QPSK

transmitter shall comply to the Power Spectrum Mask given in Table 7-22 and [Figure 7.8-5. The Power Spectrum
Mask shall be applied symmetrically around the carrier frequency.

Table 7-22 - QPSK Downstream Transmitter Power Spectrum

| (F-1) /1| Power‘Spectrum
<l 0+0.25dB
atl -3+ 0.25dB
at 14o <-21dB
>2 <-40dB

HE
in-band ripple < 0.5 dB
ALLALLLEEP st | (F-1) /f]
m yquist ripple .< 0.5 dB
0dB o
A\NNNRRRNLN
BAB | ) _ / out-of-band

rejection

21d8 |G S F N : / > 40dB

40dB | e, N ﬁ

1
Eaavy =+ T =

Figure 7.8-5 - QPSK Downstream Transmitter Power Spectrum

QPSK systems require the use of differential encoding and corresponding differential detection. This is a result of
the receivers having no method of determining if a recovered reference is a sine reference or a cosine reference. In
addition, the polarity of the recovered reference is uncertain.

Differential encoding transmits the information in encoded phase differences between the two successive signals.
The modulator processes the digital binary symbols to achieve differential encoding and then transmits the
absolute phases. The differential encoding is implemented at the digital level.

The implementation of the QPSK (de)modulator shall comply to the specifications given in Table 7-23.
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Table 7-23 - Specifications for QPSK Modulation (Downstream)

Transmission Rate

1.544 Mbit/s for Grade A
3.088 Mbit/s for Grade B
A QPSK demodulator shall support either A or B or Both.

Modulation

Differentially encoded QPSK.

Transmit Filtering

Filtering isa. = 0.30 square root raised cosine

Channel Spacing

1 MHz for Grade A
2 MHz for Grade B

Frequency Step Size

250 kHz (center frequency granularity)

Randomization

After addition of the FEC bytes, all of the 1.544 Mbit/s or 3.088 Mbit/{
data is passed through a six register linear feedback shift register (LF
randomizer to ensure a random distribution of ones and zeroes. The

aanaratina nalvnamial ioX6 + X5 +1 Byte#seF’al_eere,r_S'.en_sha,”_be_
geRCraTRgPoy oS T

MSB first.
Randomizer:

Serial Irput

_|_

Serial Ouput

A complementary self-synchronizifg derandomizer is used in the rece|
to recover the data.
Derandomizer:

Serial Irput

_|_

Setfia) Ouput

Differential Encoding

5R)

ver

Bytes entering the byte-to-symbol encoder are divided into four bit pgirs,

each bit pair generating one QPSK symbol. Byte boundaries coincide
bit pair boundaries: that is, no bit pairs overlap two bytes. The bit pair
corresponding to the MSBs of the byte is sent first. Within each bit pai
more significant bit is referred to a ‘A’ and the less significant as ‘B". T
differential encoder shall accept bits(A,B) in sequence, and generate

changes as follows:

Dhaca Chanae
—HasSe-oHaHge

none
+ 90 degrees
180 degrees
- 90 degrees

PR, OOoO|P
OoOrr ol

vith

the

e
hase
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Signal Constellation The outputs I, Q from the differential encoder map to the phase statds as
follows:
Q
[ ] L]
[ ] L]
Frequency Range 70 to 130 MHz.
The receiver shall operate over the entire specified frequency range.
Frequency Stability +/- 50 ppm measured at the upper limit of the frequency range

Symbol I?n'rp Ar*r-nr:ar‘y +/- 50 ppm

Transmitter Power A common mask for both bit rates: 1.544 Mbit/s (Grade A) and 3.088

Spectrum Mask Mbit/s (Grade B) is given in Table 7-22 and Figure 7.8-5.
Carrier Suppression > 30 dB

1/Q Ampljtude <1.0dB

Imbalange

1/Q Phase Imbalance < 2.0 degree

Receive [Power Level at 42 - 75 dBmicroV (RMS) (75 Ohm)

(downstrpam out-of-

the dema@dulator input
band) LF

input (Nyquist reference point
bandwidth, white noise] (i.e. 1 error in 2 hours at 1.5 Mbit/s)

C/N at tqe demodulator] > 20 dB @ BER<1x10E-10 (after error correction) measured at Al

7.8.1.2 [Coaxial Cable Impedance

The coaxial cable nominal impedance shall be 75 Ohmfver the frequency range as specified in Tak

7.8.1.3 |Media Interface Connector
At the uder device, the jack/socket shall be a-|EC 169-2 female connector (75 Ohm) or F-Type fema|
(75 Ohm).
7.8.1.4 |Framing Structure

The franing organization shall be lbased on Signaling Link Extended SuperFrame (SL-ESF) format,
payload ptructure, and an ATM cell structure.

7.8.1.5 |Signaling LinkcExtended Superframe (SL-ESF) Framing Format

The Sigrfaling Link Extended Superframe (SL-ESF) frame structure is illustrated in Figure 7.8-6. The
partitiongd into 4632 bit Extended Superframes. Each Extended Superframe consists of 24 193-bit f
frame copsists_of‘l-overhead (OH) bit and 24 bytes (192 bits) of payload.

le 7-27.

e connector

An SL-ESF

bitstream is
ames. Each
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11 2| 3| 4| 5| 6 7 8| 9 1011 17 13 111151617 1819 2021222%

|< 24 Frames >|

24 Frames * 193 bits = 4632 bits

OH Payload

| 1 |< 192 bits >|

Figure 7.8-6 - SL-ESF Frame_Structure

7.8]1.6 SL-ESF Frame Overhead

Thgre are 24 frame overhead bits in the Extended‘Superframe which are divided into Extended Superframe Frame
Alignment Signal (F1-F6), Cyclic Redundancy Check (C1-C6), and M-bit Data Link (M1-M12), as illustrated in
Tahle 7-24.
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Table 7-24 - Extended Superframe Overhead Structure

Frame Overhead Bit
Number Bit Number Data (192 bits)
1 0 M1 + Slot Position
2 193 Cl
3 386 M2
4 579 F1=0
5 772 M3
6 965 C2
7 1158 M4
8 1351 F2=0
9 1544 M5 + SlotPosition
10 1737 Cc3
11 1930 M6
12 2123 F3=1
13 2316 M7
14 2509 C4
15 2702 M8
16 2895 F4=0
17 3088 M9 + Slot Position
18 3281 C5
19 3474 M10
20 3667 F5=1
21 3860 M11
22 4053 C6
23 4246 M12
24 4439 F6=1

FAS: Frame Alignment Signal (F1 - E6)
DL: Mbit Data Link (M1 - M12)
CRC: Cyclic Redundancy Check{C1 - C6)

7.8.1.7 |[ESF Frame Alignment Signal

The ESH Frame Alignment Signal (FAS) is_used to locate all 24 frames and overhead bit positions. The bit values
of the FAS are defined as follows:
F1=0,R2=0,F3=1,F4=0,F5 =1,-F6=1.

7.8.1.8 |ESF Cyclic Redundancy Check

The Cyclic Redundancy Check field (Table 7-24) contains the CRC-6 check bits calculated over the [previous
Extendedl Superframe (CRC Message block [CMB] size = 4632 bits). Before calculation, all 24 frame overhead
bits are gquated to the-value “1". All information in the other bit positions is unchanged. The check bjt sequence

C1-C6 igthe remainder after multiplication tﬁla:nd then division by the generator polynom@bx&l of the
CMB. C1 is thesmost significant bit of the remainder. The initial remainder value is preset to all zeroq (see [ITU-T
G.704)).

7.8.1.9 ESF Mbit Data Link

The M-bits in the SL-ESF serve two purposes:

e to mark the slot positions for the upstream Contention based and Contentionless based signaling links

e to provide slot count information for upstream message bandwidth allocation management in the

NIU/STB.

M-bits M1, M5, and M9 mark the start of an upstream slot position for upstream message transmission.
M-bits M10 - M1 are a register which counts from 0 to N, incrementing by one every 3 ms, where N an unsigned
integer which indicates slot position cycle size (the value of N is calculated from Service_Channel_Last_Slot sent
in the MAC Default Configuration Message and the upstream bit rate of the service channel. For the case of a 256
kb/s service channel, the maximum value of Service_Channel_Last_Slot is 1535, and for the cases of 1.544 and
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3.088 Mb/s the maximum value of Service_Channel_Last_Slot is 8189.).The value of N shall be the same for all
DS carriers, and N is related to the number of US slots by:

Number_of US_Slots =3 * m * (N+1),

where m is related to the upstream transmission bit rate as described below. The upstream slot position register
indicates the upstream slot positions that will correspond to the next 3 ms period. Upstream slot positions are
counted from 0 to N. There are 3 upstream slots per upstream slot position when the upstream data rate is 1.544
Mbit/s, there are 6 upstream slots per upstream slot position when the upstream data rate is 3.088 Mbit/s, and
there is 0.5 upstream slot per upstream slot position when the upstream data rate is 256 kbit/s. The corresponding
upstream slot rates are, therefore, 3000 upstream slots/sec when the upstream data rate is 1.544 Mbit/s, 6000
upstream slots/sec when the upstream data rate is 3.088 Mbit/s, and 500 upstream slots/sec when the upstream
data rate is 256 kbit/s.

There are 9 upstream minislots per upstream slot position when the upstream data rate is 1.544 Mbit/s, there are
18 upstream minislots per upstream slot position when the upstream data rate is 3.088 Mbit/s, and there are 1.5
upstream minislots per upstream slot position when the upstream data rate is 256 kbit/s. The corresponding
upsiream minislot rates are, therefore, 9000 upstream minislots/sec when the upstream data-rgte is 1.544 Mbit/s,
18000 upstream minislots/sec when the upstream data rate is 3.088 Mbit/s, and 1500 upstreany minislots/sec when
the lupstream data rate is 256 kbit/s. The algorithm to determine the upstream slot position_coupter value is given
belpw:

if (downstream_rate == 3.088 Mbit/s) {n = 1;}

elsg¢ {n=0;}

upstream_slot_position_register = value of M-bits latched at bit_position M11 (M0 - M1)
if (Upstream_rate==1.544 Mbit/s) {m=3;}

elsg if (upstream_rate==3.088 Mbit/s) {m = 6;}

elsg¢ {m = 0.5}

if (bit_position==M1 and previous M12 ==1)

{ ugstream_slot_position_counter = upstream_slot_position_register * 3 * m; }

if (pit_position == M5)

if ({n ==0) or (h == 1 and previous M12 == 0) )

{ ugstream_slot_position_counter = upstream_slot_position _counter+m; }

if (Hit_position == M9)

if ({n =0) or (n =1 and previous M12 ==1))

{ ugstream_slot_position_counter = upstream_slot \position_counter + m; }

if (Hit_position == M11)

{temp_upstream_slot_position_register = (M10, M9, M8, ... M1); }

if ( {bit_position == M12 ) and ( M12 == 1))

{upstream_slot_position_register = temp, upstream_slot_position_register;}

where, the M-bits (see Table) will be defined as follows:

M1-M10= 10 bit ESE counter which counts from 0 to N with M10 the most significant bit
(MSB),

M1l = odd. parity for the ESF counter, i.e., M11 = 1 if the ESF_value (M1-M10) has
an-even number of bits set to 1;

M12 = 1: ESF counter valid

0; ESF counter not valid
Thqg values assignedto M12 are as follows:

(2) Whenthe QPSK downstream channel bit rate is 1.544 Mi#@dv12 bit is always set to the value
‘1",
(2)-When the QPSK downstream channel bit rate is 3.088 Mb/s, the information is alwdys transmitted in
pairs of superframes, where superframe-A is the first superframe in the pair, and supeg!rame—B is the

Second superframe in the pdir.this case, the M12 bit of superframe-A is set to the valug ‘0’ and the
M12 bit of superframe-B Is set to the value ‘1.

7.8.1.10 SL-ESF Frame Payload Structure

The SL-ESF frame payload structure provides a known container for defining the location of the ATM cells and
the corresponding Reed Solomon parity values. The SL-ESF payload structure is shown in Figure 7.8-7.
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1 «— 2 <~ 53— «— 2
1 Rla R1b ATM Cell RS parity
2 Rilc R2a R2b]|
3 R2c R3a
4 R3b R3c R4a |
5 R4b R4c
6 | R5a R5h R5cC |
7 R6a R6b
8 | Rée R7a R7b |
9 R7¢c R8a
10 | R8b R8c T | 7]
Figure 7.8-7 - SL-ESF Payload Structure Format
The SL- Mcludes 1 byte

trailer, ad 1 row of 59 bytes, which includes a 2 byte trailer. The f|rst bit of the SL-ESF payloadstrufture follows
the M1 bjit of the SL-ESF frame. The SL-ESF payload fields are defined as follows.
The two [ fields shall be set to 0 to facilitate future enhancements.

Rxa-Rxclis a 24 bit field containing slot configuration information for the related upstream channel and is defined
as:
Rxa = (b0.b7)

Rxb = (b8.b15)

Rxc = (b16.b23)
gpsk_x_slot_configuration = (h®23)
= slot configuration information forthe related upstream chanpel

where

0 = ranging control slot indicator for next 3ms<(6ms for 256 kb/s US) period

01-b6 = slot boundary definition field for next 3ms“(6ms for 256 kb/s US) period

b7 = slot 1 reception indicator for secondprevious 3ms (6 ms for 256 kb/s US)|period
8 = slot 2 reception indicator for second previous 3ms (6 ms for 256 kb/s US)|period
9 = slot 3 reception indicator for second previous 3ms (6 ms for 256 kb/s US)|period
h10 = slot 4 reception indicator for seécond previous 3ms (6 ms for 256 kb/s US)|period
h11 = slot 5 reception indicator. for’second previous 3ms (6 ms for 256 kb/s US)|period
h12 = slot 6 reception indicatorfor second previous 3ms (6 ms for 256 kb/s US)|period
013 = slot 7 reception indicator for second previous 3ms (6 ms for 256 kb/s US)|period
014 = slot 8 reception indicator for second previous 3ms (6 ms for 256 kb/s US)|period
015 = slot 9 receptiondndicator for second previous 3ms (6 ms for 256 kb/s US)|period
016-17 = reservation.control for next 3 ms (6 ms for 256 kb/s US) period

When the¢ upstream data channelis a 256 kbit/s data channel, then only the first three slot reception|indicators are
valid. These slots indicator refer to the three available slots which span over two 3ms period periods|in the 256
kbit/s. When the upstream data channel is a 3.088 Mb/s data channel, two consecutive gpsk_slot_c@nfiguration
fields arg usedThe definition-of the first slot configuration field is unchangBlde definition of the second|slot
configuration field extends-the boundary definition to upstream slots 10 through 18, and the receptioh indicators

When the Downstream MAC channel is a 3.088 Mbit/s data chann&lah€onfiguration fields in superframe-
B may b¢ used.when one or more 3.088 Mbit/s upstream QPSK channels are being utilized. The index for the

'55,53). The
shortened Reed Solomon code shall be |mplemented by appendmg 200 bytes all set to zero, before the
information bytes at the input of a (255,253) encoder; after the coding procedure these bytes are discarded.
The Reed-Solomon code shall have the following generator polynomials:

Code Generator Polynomial: g(x) = (x 2)( x +p'), wherep=02hex

Field Generator Polynomial: px) =X+ X+ +x+ 1
Convolutional interleaving shall be applied to the ATM cells contained in the SLIE®MRXa - Rxc bytes and
the two T bytes shall not be included in the interleaving pro€assvolutional interleaving is applied by
interleaving 5 lines of 55 bytes.
Following the scheme of Figure 7.8-8, convolutional interleaving shall be applied to the error protected packets.
The convolutional interleaving process shall be based on the Forney approach, which is compatible with the
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Ramsey type Il approach, with 1=5. The Interleaved frame shall be composed of overlapping error protected
packets and shall be delimited by the start of the SL-ESF (preserving the periodicity of 55 bytes).

The interleaver is composed of | branches, cyclically connected to the input byte-stream by the input switch. Each
branch shall be a First In First Out (FIFO) shift register, with depth (M * j) cells (where M = N/I, N = 55 = error
protected frame length, | = 5 = interleaving depth, j = branch index). The cells of the FIFO shall contain 1 byte,
and the input and output switches shall be synchronized.

For synchronization purposes, the fiogte of each error protected packet shall be always routed into the branch
"0" of the interleaver (corresponding to a null deldyje third byte of the SL-ESF payload (the byte immediately
following R1b) shall be aligned to the first byte of an error protected packet.

The deinterleaver is similar, in principle, to the interleaver, but the branch indexes are reversed (i.e. branch 0
corresponds to the largest delay). The deinterleaver synchronization is achieved by routing the third data byte of
the SL-ESF into the "0" branch.

o o] ] o] ] ] 0
el I s WM
A WM ) [l ™ | N
3 CHANNEL

| HEEE @E/

Figure 7.8-8 - Conceptual diagram of the convolutional interleaver and de-interleaver.

7.8]1.11 Definition of Slot Configuration Fields

Ranging Control Slot Indicator (b0) - When this bitiis-active (b0 = 1), the first three slots of upstjfeam channel

“x” yhich correspond to the occurrence of the next 3 msec (6 ms for 256 kb/s US) period are d¢signated as
rangiing control slotsA ranging control messagé.may be transmitted in the second ranging contrpl slot, and the
firs§ and third ranging control slots may not-be used for transmission (guard band for ranging operations).

Slof Boundary Definition field (b1-b6) - Slettypes are assigned to upstream slots using bits bD lots are
grouped into regions within the 3 mseg (6 ms for 256 kb/s US) period such that slots of a similgr type are
contained within the same regidrhe order of the regions is Ranging slot, Contention based slotg, Reserved slots
and Contentionless based sldt@ fanging slot is available within a 3 msec (6 ms for 256 kb/s US) period it will
consist of the first three slot times in thensec periodA ranging slot is indicated by b0 =The bounfaries

betyveen the remaining regions of the 3 msec are defined by Fhé®oundaries are defined in Figure 7.8-9.
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Boundary0

slot 1
Boundary 1

slot 2
Boundary 2

slot 3
Boundary 3

slot 4
Boundary 4

slot 5
Boundary 5

slot 6
Boundary 6

Stot 7
Boundary 7

slot 8
Boundary 8

slot 9
Boundary 9

Figure 7.8-9 - Boundary Definitions

The boudary positions are defined by b1-b6 in Figure 7.8-10,

where row = Contention based / Reserved region boundary

and column = Reserved packet /Contentionless based.region boundary
lexample: b0 = 0, b1-b6 = 22: Contention (1-2), Reserved (3-5);Contentionless (6-9))

ol 1| 2| 3| 4| 5| 6| 7l]< 8] 9
oc| o 1| 2| 3| 4] 5] e 71 8 9
1* 10| 11| 12| 13| 1419 14 17 1B
2% 19| 20| 21[22| 23 24 25 26
3 27| ~28| 29| 30 31 32 3}
4 34| 35| 36/ 37 39 3¢
5 40| 41| 42| 43 44
6 45| 46| 47| 48
7 49| 50| 51
8 52| 53
9 54

(*) note: When the ranging control slot indicator (b0) is set to “1”, the values in rows
0 - 2 are illegal values, and values in row 3 means that there are no contention slots,

because slots 1-3 are defined as ranging control slots.
Figure 7.8-10 - Slot Boundary Definition field values

The remaining values of the Slot Boundary Definition Field are provided in Figure 7.8-11.
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b1-b6 Ranging Control  Contention reservation Contentionless

value slots slots slots slots
55 1-6 7-9 - -
56 1-6 7-8 - 9
57 1-6 7 8-9 -
58 1-6 7 8 9
59 1-6 7 - 8-9
60 1-6 - 7-8 9
61 1-6 - 7 8-9
62 1-6 - - 7-9
63 1-9 - - -

Note: For b1-b6 = 55 - 63, b0 must be set to 1.

Figure 7.8-11 - Additional Slot Boundary Definition field values for extended Range Control Slots

Thqg values in Figure 7.8-10 and Figure 7.8-11 are derived from b1-b6 in the following manner:

bl + (b2 * 2) + (b3 * 4) + (b4 * 8) + (b5 * 16) + (b6 *32)

WhEn the upstream data channel is a 256 kbit/s data channel, then only the firstthree slot boupdary positions are
valifl. In this case, only the first three rows and columns in Figure 7.8-10 areialid, and Figure 4.8-11 is not valid.
WhEn the upstream data channel is a 3.088 Mbit/s data channel, each slgt boundary definition field applies to 9
slots within the 3 msec perioth this case, there will be two slot boundary.definition fields which gefine the 3

mse¢c period.
Slof Reception Indicators (b7 - b15} When a slot reception indicatoris active (“1"), this indicates that a cell

wag received without collisioThe relationship between a given US'slot and its indicator is showh in Table 7-25.
When the indicator is inactive (“0”), this indicates that either, a ‘collision was detected or no cell yvas received in
the|corresponding upstream slot.

Table 7-25 - Relationshiprof US slot to DS Indicator

1.544Mbit/s Downstream 3.088 Mbit/s Downstream
1 Frame 1 Frame
254 kbit/s
pdtream | o5 LT T T4 ] ps [TIIIIITNLLIT]
B B
f— f—
3 slots 3 slots
1 Frame 1 Frame
1.544 ‘ > —
bk ps | | ] ps [T T T TiTl1]
Upgtream
us [ | us | |
— f—
9 slots 9 slots
1 Frame 1 Frame
3.088 ' s —
Mbits Ds | | [ 1] ps [ [ [ T T 1 T1]
Upstream
Us | | us | |
f— f—
18 slots 18 slots
1) 'I'indicates the downstream frame(s) in which Indicators (contained within the MAC Flag|Sets)
Notes are sent. These indicators control the upstream slots in the shaded area.
2) Inthe 3.088 downstream, two successive frames contain MAC Flag Sets 0..15
1. Two successive MAC Flag Sets are used to control the 18 slots of a 3.088 upstream charjnel.
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Reservation Control (b16-b17) When the reservation control field has the value of 0, no reservation attempts

are allowed to be transmitted on the corresponding QPSK upstream channel during the slot positions associated
with the next 3 msec (6 ms for 256 kb/s US) period. When the reservation control field has the value of 1,
reservation attempts can be made. The values 2 and 3 are reserved.

CRC 6 Parity (b18-b23)- This field contain a CRC 6 parity value calculated over the previous 18 bits. The CRC

6 parity value is described in the SL-ESF frame format Section 7.8.1.6.

In the case where there is more than one OOB DS QPSK channel related to an upstream QPSK channel, the SL-
ESF overhead bits and the payload R-bytes shall be identical in those OOB DS channels, with the exception of the
overhead CRC (C1-CB6) bits, which are specific to each of those OOB DS channels. Such related DS channels
shall be synchronized.

The MAC messages that are required to perform the MAC functions for the upstream channel shall be transmitted
on each of its related OOB DS channels.

7.8.1.12 ATM Cell Structure

The format for each ATM cell structure is illustrated in Figure 7.8-12. This structure and field coding)ghall be
consistent with the structure and coding given in [ITU-T 1.361] for ATM UNI, both for the ATM and’ngn-ATM
based passband bi-directional PHY on coax.

40 bits‘|< 384 bits >

Header Information Pgload

)

- 53 bytes >

Figure 7.8-12 - ATM Cell. Structure

7.8.2 UYpstream Physical Interface Specification

To carry [upstream information S2, a combinatien of quaternary phase shift keying (QPSK) and a Time Division
Multiplexing structure are specified. QPSK is specified due to its increased error performance, its spectral
efficiency, and its ability to be transmitted‘at higher than average power levels.

7.8.2.1 |Quaternary Phase Shift Keying (QPSK)

An ovenjiew of QPSK modulation-has been provided in the downstream QPSK modulation section.
The QPSK signal parameters are:

RF bandwidth BW=@/2)* (1 +a)
Dccupied RF_Spectrum JF BW/2, £ + BW/2]
$ymbol Rate f=f/2
INyquist Frequency N="1s/2

with fi-=.Dit rate, { = carrier frequency and = excess bandwidth.
For all thre€g bit'rates: 256 kbit/s (Grade A), 1.544 Mbit/s (Grade B) and 3.088 Mbit/s (Grade C), the Power
Spectrum at'the QPSK transmitter shall comply to the Power Spectrum Mask given in Table 7-26 and Figure 7.8-
13. The Power Spectrum Mask shall be applied symmetrically around the carrier frequency.

Table 7-26 - QPSK Upstream Transmitter Power Spectrum

| (f-1.) /1] Power Spectrum
<1la 0+0.25dB
at 1 -3+£0.25dB
at 14o <-21dB
>2 <-40 dB
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A
in-band ripple y < 0.5 dB
LG st |(F-f)/

m yquist ripple .< 0.5 dB

0dB >
; ,
ANNNNNNNNN
S3dB N N / out-of-band
rejection
2LAB | N / > 40dB
A40dB : : : //
1o 1 1+a 2

Theg specifications which shall apply to QPSK modulation for the upstream channel are given in

Figure 7.8-13 - QPSK Upstream Transmitter Power Spectrum
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Table 7-27 - Specifications for QPSK Modulation (Upstream)

Transmission Rate

Three grades of modulation transmission rate are specified:

Grade _Rate

A 256 kbit/s

B 1.544 Mbit/s
C 3.088 Mbit/s

A QPSK modulator (transmitter) shall support either A and B grades of transmisg
rate or A, B, and C grades of transmission rate. A QPSK demodulator (receiver)
support at least one grade A or B, but may support any combination of grades.

on
shall

Modulation

Differentially encoded QPSK

Transmit Filtering

o = 0.30 square root raised cosine @made A (256 kbit/s), Grade B (1.544 Mbit/s),
and Grade C (3.088 Mbit/s)

Channel Spacing

200 kHz for Grade A (256 kbit/s)

1 MHz tor Grade b (1.544 MDbIUS)
2 MHz for Grade 3.088 Mbit/s)

Frequengy Step Size

50 kHz for Grade A, Grade B, and Grade C

Unique Word

The unique word is four bytes: CC CC CC 0D hex, transmitted in this order.

Randoml|zation

The unique word shall be sent in the clear. After addition of the FEC bytes,

randomizer performing modulo-2 addition of the data with apseudo-random [seq

The generating polynomial %% + X° + 1 with seed all afies.
Byte/serial conversion shall be MSB first. The 472-bitbinary sequence genefate(
the shift register starts with 00000100... The first/@is to be added to the first bit
the unique word.
Randomizer:

Serial Iput

Serial Ouput
A complementarynon self-synchronizing derandomizer is used in the receiver to

Derandomizer:

Serial Iput

Jroocp

Serial Ouput

Differential Encoding

Bytes entering the byte-to-symbol encoder are divided into four bit pairs, each Hi

is, no bit pairs overlap two byteBhe bit pair corresponding to the MSBs of the byt
sent first.Within each bit pair, the more significant bit is referred to a ‘A’ and the |
significant as ‘B’.The differential encoder shall accept bits (A,B) in sequence, ang
generate phase changes as follows:

A B Phase Change
0 0 none

0 1 + 90 degrees
1 1 180 degrees

1 0 - 90 degrees

randomization shall apply only to the 53-byte payload area and.6 FEC bytes Wit:I: the

generating one QPSK symb@lyte boundaries coincide with bit pair boundaries: thjat

ence.

by
after

recover the data:-The derandomizer shall be enabled after detection of the upiqule word.

t pair

is
SS
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Signal Constellation The outputs I, Q from the differential encoder map to the phase states as follows:
Q
01 ° ° 11
00 ® ® 10

This constellation is used for the detection of the Unique Word, which is not
differentially encoded.

Frequency Range 8 -26.5 MHz.
The transmitter shall operate over the entire specified frequency range.
Fre’]llnnry Q'r.qhilify +/- 50 ppm measured at the upper limit of the frpnlllnnr‘y range

Symbol Rate Accuracy +/- 50 ppm

Trapsmitter Power A common mask for all three bit rates: 256 kbit/s (Grade A), 1.544 Mbit[s (Grade|B)
Spgctrum Mask and 3.088 Mbit/s (Grade C) is given in Table 7-26 and Figure 7.8-13.

Carfier Suppression | > 30 dB
when Transmitter
Actijve

Carrier Suppression | The Carrier Suppression shall be more than 60 dB below nominal power output lpvel,
when Transmitter Idle | over the entire power output range and 30 dB right after or before transmidsiaits
are shown in the figure below.
NOTE: Idle Transmitter Definition: A terminaflis considered to be idle if |t is 3 slof]
before an imminent transmission or 3 slotS-after its most recent transmission.

vl

Guard Band

Y 3
v

q| Burst'Packet
3 slots . . 3 slots

A
A
»

63 Bytes

I/Q |[Amplitude <1.0,dB
Imbalance

I/Q [Phase Imbalance < 2.0 degree

Trahsmit Power Level| 85 - 113 dBmicroV (RMS) (75 Ohm)
at the modulator outpylt

(upgtream)

C/N at the > 20 dB @ 1x10E-6 packet loss (after error correction)

demodulaterinput at NOTE: A packet loss occurs when one or more bit per packet (after grror
the |A3 reference point correction) are uncorrectable.

(Nypuist bandwidth,

white nnicn)

7.8.2.2 Coaxial Cable Impedance

The coaxial cable nominal impedance shall be 75 Ohm over the frequency range as specified in Table 7-27.

7.8.2.3 Media Interface Connector

At the user device, the jack/socket shall be a IEC 169-2 female connector (75 Ohm) or F-Type female connector
(75 Ohm).
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7.8.2.4 Time Division Multiple Access (TDMA)

TDMA allows a DAVIC NIU/STB access onto a signaling channel for upstream S2 information. The TDMA
technique is used for communication between the NIU/STB and the Service provider System. TDMA is based on
dividing access by multiple set-top units onto a shared signaling channel. This technique provides a negotiated
bandwidth allocation slot access method.

7.8.2.4.1 Slot Definition

The TDMA technique utilizes a slotting methodology which allows the transmit start times to be synchronized to

a common clock source. Synchronizing the start times increases message throughput of this signaling channel
since the message packets do not overlap during transmission. The period between sequential start times are
identified as slots. Each slot is a point in time when a message packet can be transmitted over the signaling link.
The time reference for slot location is received via the downstream channels generated at the Delivery System and
received simultaneously by all set-top units. Since all NIU/STBs reference the same time base, the slot times are
aligned Tfr all NIU/STBs. However, since there is propagation delay in any transmission network, a jme base

ranging nethod accommodates deviation of transmission due to propagation delay.
The upstream slot rates are 3000 upstream slots/sec when the upstream data rate is 1.544 Mbit/s apd 500 upstream
slots/secd when the upstream data rate is 256 kbit/s.
The formnfat of the upstream slot is shown in Figure 7.8-14. A Unique Word (UW) (4 byteS) provides g burst mode
acquisitipn method. The payload area (53 bytes) contains a single message cell as described previdusly. The RS
Parity field (6 bytes) provides t=3 Reed Solomon protection RS(59,53) over the payload area. The Quard band (1
byte) pravides spacing between adjacent packets.
Reed-Sdlomon encoding shall be performed on each ATM cell with T=3. This means that 3 erroneolis byte per
ATM cellcan be corrected. This process adds 6 parity bytes to the ATM cellMo give a code word of (59,53).
Reed-Sdlomon encoding is performed on the ATM cell before upstream. data randomization. The shprtened Reed-
Solomon code shall be implemented by appending 196 bytes, all set te zero, before the information pytes at the
input of & (255,249) encoder; after the coding procedure these bytes are discarded.
The Reefd-Solomon code shall have the following generator polynomials:

Code Generator Polynomial:  g(x) = (X %) x + pY'¥ + p?) ... (x +p°),
where p=02hex

fField Generator Polynomial: p(X) = ¥+ x* +oC 3 + 1

4 bytgs 53 bytes 6 bytes 1 byte
UW Payload Area RS Parity ' Guard Band
\)]

Figure 7.8-14 - Upstream Slot Structure

The fornfat of the message cell is indicated in section 7.8.1.12. This structure and field coding shall e consistent
with the $tructure and coding given in [ITU-T 1.361] for ATM UNI.

7.8.2.4.2 Slot Definition Assignment

Since the TDMA signaling link is used by NIU/STBs that are engaged in interactive sessions, the number of
available message slots on this channel is dependent on the number of simultaneous users. When messaging slots
are not in use, an NIU/STB may be assigned multiple message slots for increased messaging throughput.
Additional slot assignments are provided to the NIU/STB from the downstream signaling information flow.

7.8.2.5 Contention Based Access

Upstream session related control information S3 and Network Related Control information S4 are provided via a
service channel using quaternary phase shift keying (QPSK) along with a contention-based protocol.
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Contention based access is used for managing contention of transmission over a signaling link. For the DAVIC
system, this protocol is utilized as a technique for signaling between an NIU/STB and the Delivery system’s
Service-Related Control function. Contention based access provides instant channel allocation for the NIU/STB.
The Contention based technique is used for multiple subscribers that will have equal access to the signaling
channel. It is probable that simultaneous transmissions will occur. The Contention based technique provides
resolution of signaling throughput when simultaneous transmissions occur.

7.8.2.5.1 Slot Definition

The slot definition utilized for the S3 service flow is the same as that defined previously.

7.8.2.5.2 Positive Acknowledgment

For each ATM cell transmitted by the NIU/STB, a positive acknowledgment is sent back by the NRC, utilizing

the reception indicator field, for each successfully received ATM cell. In contention based access mode, a positive
ackhowledgment indicates that a collision did not occur. A collision occurs if two or more NIULSTBs attempt

ATM cell transmission during the same slot. A collision will be assumed if a NIU/STB does(not [eceive a positive
ackhowledgment. If a collision occurs, then the
NIU/STB shall initiate a retransmission procedure or use a reservation or contentionless:slot, ag previously
assjgned, to retransmit the cell.

7.8{2.6 Relationship between Downstream MAC Control Channels and-Upstream
Channels

Up to 8 QPSK Upstream channels can be related to each downstream.channel which is designated as a MAC
control channel. This relationship consists of the following items:
(1) Each of these related upstream channels share a common slot position. This reference is based on 1
millisecond time markers that are derived via information transmitted via the downstream MAC
control channel.
(2) Each of these related upstream channels derive'slot numbers from information provigled in the
downstream MAC control channel.
(3) The Messaging needed perform MAC functiens for each of these related upstream channels is
transmitted via the downstream MAC control channel.

7.8|2.7 Slot Location and Alignment for the QPSK Upstream Channels

Trapsmission on each QPSK upstream channel is based on dividing access by multiple NIU/STBs by utilizing a
nedotiated bandwidth allocation slot access method. A slotting methodology allows the transmit slot locations to
be $ynchronized to a common slot, pesition reference, which is provided via the related downstieam MAC control
channel. Synchronizing the slot locations increases message throughput of the upstream channels since the ATM
cells do not overlap during transmission.
Thqg slot position reference forupstream slot locations is received via the related downstream MAC control

channel by each NIU/STB:Since each NIU/STB receives the downstream slot position referenge at a slightly
different time, due to.propagation delay in the transmission network, slot position ranging is required to align the
actdal slot locations\for each related upstream channel. The upstream slot rates are 3000 upstieam slots/sec when
the lupstream data\rate is 1.544 Mbit/s and 500 upstream slots/sec when the upstream data ratg is 256 kbit/s.

Thg number,of&lots available in any one second is given by

number of slots/sec = (upstream data rate / 512 ) + extra guardband

where extra guardband may be designated between groups of slots for alignment purposes.

7 8 2 7 1 Linctroaam MAata o 1
0.7 opoutanT oot Tt T

In the case where the upstream data rate is 1.544 Mbit/s, the upstream slots are numbered as shown below, where
k is a multiple of 9.

<« 3 msec time period -
[ s(k-1) | s(k) | s(k+1) | s(k+2) | s(k+3) | s(k+4) | s(k+5) | s(k+6) | s(k+7) | s(k+8) | s(k+9)]
* * * *

3 slot position references (downstream) per 3 msec time period

The relationship between the received slot position reference and the actual slot transmit position is given by:
slot_transmit_position = slot_position_reference + slot_position_offset
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where s

Range_

lot_position_offset is derived from ffiene_Offset_Value
and_Power_Calibration_Message.

provided via the

<« slot_transmit_position

slot (j-1) slot (j)

&

slot_position_offset >

@ slot position reference (downstream)

In the case where the upstream data rate is 1.544 Mbit/s, the actual slot transmission locations are given by

slot_transmission_location (m) = slot_transmission_position + (m * 512);

where m = 0,1,2; is the position of the slot with respect to the slot_transmission_position

«slot_transmission_position «slot_transmission_position

& pncifinn Q & pncifinn 1 & pncifinn 2
| previous|slot | slot 0 (m=0) slot 1 (m=1) slot 2 (m=2) next slot |
512 bits 512 bits 512 bits
7.8.2.7.20 Upstream Data Rate - 256 kbit/s
In the cape where the upstream data rate is 256 kbit/s, the upstream slots are numbered as shown k
a multiple of 3.:
«— 6 msec time period -
s(k-1) s(k) | s(k+1) | s(k+2) s(k+3)
4 4 4 L 4 4 4 4
6 slot position references (downstream) per 6 msec time period
The relafionship between the received slot position reference)and the actual slot transmit position is
glot_transmit_position = slot_position_reference (itteger) + slot_position_offset
where fonly the slot_position_references corresponding-io integer values are valid and
The slot [position_offset is derived from thiene_Offset (Walue provided via the
Range_gnd_Power_Calibration_Message.
<« slot transmit_position
slot (j-1) slot (j)
& slot_position_offset >

In the ca
the integ
7.8.2.7.3

In the ca
k is a my

4 slot position reference, integer value (downstream)

5e where the upstream data rate is 256 kbit/s, the actual slot transmission locations corresp
er valued slot positionreferences.

Upstream Data Rate - 3.088 Mbit/s

5e where-the upstream data rate is 3.088 Mbit/s, the upstream slots are numbered as show
Itiple of\18:

elow, where k is

given by:

ond directly to

n below, where

£ 3 msec time period -
s(k-1) |kFkth—Tk—tk—Ttk—Tk—Fk—Tk—Tk—tk—k—k—Tk—Fk—Tk—Tk—Tk—Fstk+i6)
+ |+ |+ [+ |+ |+ [+ |+ |+ [+ + + |+ |+ + + +
12 3 4 5 6 7 8 9 10 |11 (12 (13|14 [ 15| 16 | 17
4 4 L 4 L 4

3 slot position references (downstream) per 3 msec time period

The relationship between the received slot position reference and the actual slot transmit position is given by:

where slot_position_offset is derived from thieme_Offset Value

slot_transmit_position = slot_position_reference + slot_position_offset
provided via the

Range_and_Power_Calibration_Message.
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<« slot_transmit_position
slot (j-1) slot (j)

< slot_position_offset >

@ slot position reference (downstream)

In the case where the upstream data rate is 3.088 Mbit/s, the actual slot transmission locations are given by
slot_transmission_location (m) = slot_transmission_position + (m * 512);
where m = 0,1,2,3,4,5; is the position of the slot with respect to the slot_transmission_position

«slot_transmission_position «slot_transmission_position
& pos| € pos| € pos| € pos| € pos| € pos
0 1 2 3 4 5

previous slot | slotO [slotl |slot2 |slot3 |slot4 | slot5 | nextslot
(m=0) (om—1) (m—=2) (n—2) (o—=4) (m—g\
AL A I AL A I AL S N LI L. A L

512 512 | 512 512 512 528
bits bits | bits bits bits bits

7.8.3 Media Access Control Functionality

Thi$ section contains the specifications for Media Access Control (MAC) Protocol to be used for communication
acr¢ss a Hybrid Fiber Coax (HFC) network. It specifies the communicationbetween Network Related Control
(NRC) at the Access Subnetwork and the Network Interface Unit/Set Tap Box (NIU/STB).

7.8|3.1 MAC Reference Model

Theg scope of this section is limited to the definition and specification of the MAC Layer protocol. The detailed
opgrations within the MAC layer are hidden from the above’layers.
This section focuses on the required message flows between the NRC and the NIU/STB for Mgdia Access

Conptrol. These areas are divided into three categories:\nitialization, Provisioning and Sign On Management,
Connection Management and Link Management.

Higher Layers

A = A
Link
.| Management

Initialization,
Sign-on and
) - Provisioning )

Connection Management Adaptation
Lower Management

Layer MAC Management Entity
Protocols

Data

MAC
Sublayer

| MAC Signaling |

| Muticast Address Resolution |

| Singlecast Address Resolution | Y

Figure 7.8-15 - MAC Reference Model
(source IEEE 802.1F LAN and MAN)

7.8.3.2 Upstream and Downstream Channel Types

This section defines the upstream and downstream channel types supported by the Media Access Control
Protocol.
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7.8.3.2.1 Downstream Out of Band Channel Requirements

The Media Access Control Protocol supports multiple downstream Channels. In instances where multiple
Channels are used, the NRC shall specify at least one Out of Band frequency where NIU/STBs perform

Initialization, Provisioning and Sign On Functions.

In instances where more than one Out of Band frequency are available for Initialization, Provisioning and Sign On
Functions, each frequency shall have a unique Provider Identifier assigned by the Access Provider. In instances
where only a single frequency is in use, the NRC shall utilize that frequency for Initialization, Provisioning and

Sign On functions.

7.8.3.2.2 Upstream Channel Requirements

The Media Access Control protocol supports multiple upstream channels. One of the upstream channels shall be
designated the Service Channel. The Service Channel shall be used by NIU/STBs entering the network via the
Initialization, Provisioning and Sign-On procedure. The remaining upstream channels shall be used for upstream

data transmission. In cases where only one upstream channel is utilized, the functions of the Servicg

reside in|conjunction with regular upstream data transmission.

7.8.3.3 [MAC Information Transport

b Channel shall

To support the delivery of MAC related information to and from the NIU/STB, a dedicated-Virtual Channel shall
be utilizegd. The VPI,VCI for this channel shall be 0x000,0x0021.

AALS5 (a$ specified in [ITU-T 1.363]) adaptation shall be used to encapsulate each"MAC SDU in ATM
upstreanp MAC messages shall be restricted to a single cell. A single cell MAC.SDU can accommod

bytes. All DS MAC messages shall be less than or equal to 120 bytes.

Since MAC related information is terminated at the NIU/STB and NRC a privately defined message

be utilized. The format of the MAC message structure is illustrated below;

Note: All messages are sent most significant bit first.

MAC_message(){

Message_Configuration
Protocol_Version
Syntax_Indicator

Message_Type

if (Syntax_Indicator ==
MAC_Address_Included) {
MAC_Address

MAC _Information_Eléments ()

}

Bits | Bytes| Bit Number/

Description
1

5 7..3:{enum}

3 2..0:{enum}
8 1
48 6
N

Protocol [Version
Protocol| Version

is @5 bit enumerated type used to identify the current MAC version.

cells. All
hte up to 40

structure will

enum Protocol_\érsion {

DAVIC 1.0 Compliant Device,

DAVIC 1.1 Compliant Device,
DAVIC 1.2 Compliant Device,

DAVIC 1.3 Compliant Device,
Reserved 431 1

PR

Syntax Indicator
Syntax_ Indicator

is a 3-bit enumerated type that indicates the addressing type contained in the MAC
message. For upstream MAC messages, the NIU/STB’s MAC address shall always be included.

enum Syntax_Indicator { No_MAC_Address,
MAC_Address_Included,
Reserved 2..7 };
MAC Address

MAC_Address is a 48-bit value representing the unique MAC address of the NIU/STB.
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MAC Information Elements
MAC_Information_Elements is a multiple byte field that contains the body of one and only one MAC
message.

7.8

.3.4 MAC Message Types

All MAC message types are listed in Table 7-28. The MAC message types are divided into the logical MAC
states of Initialization, Sign On, Connection Management and Link Management. Message types in the range
0xCO0 to OxFF will remain user defined and undefined by DAVIC. Messages in Italic represent upstream
transmission from NIU/STB to NRC. MAC messages are sent using Broadcast or Singlecast Addressing.
Singlecast address shall utilize the 48 bit MAC address.

7.8

Thi
po

7.8.

1.

Table 7-28 - List of MAC Messages

Message Message Name Addressing
Type Value Type
0x01-0x1F MAC Initialization, Provisioning and Sign-On Message
0x01 Provisioning Channel Message Broadcast
0x02 Default Configuration Message Broadcast
0x03 Sign-On Request Message Broadcast
0x04 Sign-On Response Message Singlecast
0x05 Ranging and Power Calibration Message Singlecast
0x06 Ranging and Power Calibration Response Message Singlecast
0x07 Initialization Complete Message Singlecast
0x08-0x1F [Reserved]
0x20-0x3F | MAC Connection Establishment and Termination-Msgs
0x20 Connect Message Singlecast
0x21 Connect Response Message Singlecast
0x22 Reservation Request Message Singlecast
0x23 Reservation Acknowledge Message Broadcast
0x24 Connect Confirm Message Singlecast
0x25 Release Message Singlecast
0x26 Release Response Message Singlecast
0x27 Idle Message Singlecast
0x28 Reservation Grant Message Broadcast
0x29 Reservation ID Assignment Singlecast
0x2A Reservation Status Request Singlecast
0x2B Reservation‘lD’Response Message Singlecast
0x2C-0x3F [Reserved]
0x40-0x5F | MAC Link Management Msgs
0x40 Transmission Control Message Singlecast
0x41 Reproevision Message Singlecast
0x42 Link Management Response Message Singlecast
0x43 Status Request Message Singlecast
0x44 Status Response Message Singlecast
0x45-0x5E [Reserved]
0x60-0xBE/ | MAC Reserved Messages
OxCO=0xFF | MAC User Defined Messages

3.5 MAC Initialization, Provisioning and Sign On

5 section defines the procedure for Initialization, Provisioning and Sign On that the MAC shall perform during

eronorReset

3.5.1 |Initialization and Provisioning

Upon a NIU/STB becoming active (i.e. powered up), it must first find the current provisioning frequency.

The NIU/STB shall receive theMAC> Provisioning Channel MessageThis message shall be sent
aperiodically on all downstream OOB channels when there are multiple channels. In the case of only a single
channel, the message shall indicate the current channel is to be utilized for Provisioning. Upon receiving this
message, the NIU/STB shall tune to the Provisioning Channel.

After a valid lock indication on a Provisioning Channel, the NIU/STB shall awaithteC> DEFAULT
CONFIGURATION MESSAGE . When received, the NIU/STB shall configure its parameters as defined in
the default configuration message. The Default Configuration Parameters shall include default timer values,
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default power levels, default retry counts as well as other information related to the operation of the MAC

proto

col.

Figure 7.8-16 below shows the signaling sequence.

NRC NIU/STB

<MAC> Provisioning

Channel Message —>

<MAC> Default

—  Configuration Messagh)

Upon receiving theMAC> Sign-On Request Messagehe NIU/STB'shall respond with tkedMAC> S

Ranging and Power Calibration Message.

Ranging and Power Calibration Response Messagéhe<MAC> Ranging and Power Calibration
Response Messagghall be transmitted on.a/Ranging Control Slot, or the reservation slot as indig
Ranging_Slot_Included field in the Ranging and Power Calibration Request Message.
NRC shall send theMAC> Initialization Complete Messagewhen the NIU/STB is calibrate@h¢

ne signaling flow for Sign-On is shown in Figure and described below. Recefption Indicators
ignored dluring the Sign-On and Calibration process.
NIU/STB shall tune to the downstream Provisioning channel and the upstream service chan

. e-te—tritiatizat |

Sign On and Calibration
STB shall Sign On via the Sign-On Procedérstate diagram for Ranging and Calibration is g

mation provided in the Initialization and Provisioning sequence.
NIU/STB shall await theMAC> Sign-On Request Messagéom the-Network Control Entity. T
STB shall utilize Contention based entry on the service channgl te’access the network.

esponse Messagd@he Sign-On Response Message shall bgtransmitted on a Ranging Contj
STB shall use the Min_Power_Level contained in the <MAC> Default Configuration Messag
Bigning on. Subsequent sign-ons can use the parameters from a successful calibration sequ
meters must be volatile.
NRC, upon receiving the Sign-On Response Message shall validate the NIU/STB and skt

IU/STB shall respond to tkeeMAC> Ranging.and Power Calibration Messagavith the<MAC>

STB is assumed to be calibrated if the message arrives within a window of +/- 0.75symbols
and a power within a window of +/- 1.5 dB from their optimal value.

ven in
shall be

nel with the

he

gn-

rol Slot. The

e when

ence, but these

the

ated by the

2}

(upstream

7.8.3.5.2
The NIU
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<MAC> Sign-On
Request Message

—>

<MAC> Sign-On
Response Message— |

<MAC> Ranging and

Power Calibration _)

Message

&

Power Calibration
Response Message

<MAC> Initialization

Complete Message—)

Figure 7.8-17 - Sign-On Messaging Sequéence
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if time > Time Window

Wait for
Sign-On
Request

if time > Time Window

receive Sign-On Request

Wait for Random Time
< Time Window
Retry or Increase Power (Note 1)
Send Sign-On Response Message,
on a Ranging Slot

time
ellapsed

Wait for a new
Time Window

R & P C Message R & P C Message

+ and no
Ranging Slot Ranging Slot
Number Number

R & P C Message and no
Ranging Slot Number

Modify Power and Ranging
Send a Ranging and Power Calibration
Response on the Ranging Slot Number given by
the INA. Wait for Initialisation Complete
Ranging and Control Message

Modify. Power and Ranging
Send a Ranging and Power Calibration
Response in a contention based
Ranging\Slot. Wait for Initialisation Complete or
Ranging and Control Message

& P C Message R & P C Message +

R & P C Messags

+ Ranging SletNumber and no
Ranging Slot Ranging Slot
Number Number

Initialisation Complete

Initialisation Complete /

Figure 7.8-18 - State Diagram for Ranging and Calibration

Note1:Before increasing power, the Backup Service Channel shall be used, if it differs jn frequency
from:the service channel.

C 1 MM t
7.8.3.6 (Connection-Management

This section defines the MAC support for Connection Establishment and Release.

7.8.3.6.1 Connection Establishment

Once a NIU/STB has completed the Calibration State, it shall enter the Connection State. A low bit rate
permanent connection can be assigned to a NIU/STB by the NRC. The NRC can assign an upstream channel for
contention or contentionless based access to the network. In either case after the initial calibration procedure, the
NRC provides a Default Connection to the NIU/STB that the NIU/STB shall utilize to communicate to the

network. A given connection (identified by a Connection_ID) shall be assigned, at most, a single VFi&/CI.
message flow for such Connection Establishment is shown in Figure 7.8-19. The message format for Connection
Establishment is described in Section 7.8.3.8.
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For all the traffic sent contention access, a collision is assumed if the appropriate reception indicator of the slot
used for transmission is not set. A counter at the NIU/STB records the number, denoted by backoff_exponent, of
collisions encountered by a cell. The backoff_exponent counter starts from a value determined by the
Min_Backoff _Exponent variable. The backoff _exponent is used to generate a uniform random number between 1
and 2"backoff_exponent. This random number is used to schedule retransmission of the collided cell. In
particular, the random number indicates the number of contention access slots the NIU/STB shall wait before it
transmits. The first transmission is carried out in a random cell within the contention based access region. If the
counter reaches the maximum number, determined by the Max_Backoff Exponent variable, the value of the
counter remains at this value regardless of the number of subsequent collisions. After a successful transmission
the backoff_exponent counter is reset to a value determined by the Min_Backoff_Exponent variable. The NRC is
responsible for the operation of the random access algorithm. Informational Statement: The random access
algorithm is unstable; the NRC is expected to have intelligence to detect an unstable state of the random access
algorithm and to solve it.

In addition to the simple connect and release messages used to establish and remove connections, the MAC

message set provides two additional messages to handle dynamic reallocation of bandwidth ad channels. The

Trapsmission Control Message and the Reprovision Message provide the ability to redefine)th@ parameters of

eadh connection individually or as group.

Theg existing messages allow reallocation of resources on the network for an individual STB. Fdr example, the

exigting connections for a single STB may be removed, the channel changed, andmew connecfions reestablished

to the existing sessions. The Reprovision Message allows for modification of the ‘current conneftion parameters
inclpiding channel assignment. Gross reallocation of bandwidth or channels is(previded by mov|ng all connections
from one channel to another channel at once. The Transmission Control Message provides a method to rapidly
change the channel frequencies and other associated parameters for a,single STB or all STBs|assigned to a given
channel. After being told to switch to a different upstream channel, the"STB/NIU shall go to the|state “Wait for

Sigh-On Request”, shown in Figure 7.8-18.

1. After Initialization, Provisioning and Sign On Procedures.are complete, the NRC shall g@ssign a default
upstream and downstream connection to the NIU/STB. This connection can be assigng¢d on any of the
upstream channels except the upstream service channel ranging area. The NRC shall pssign the default
connection by sending thRMAC> Connect Messagedo the NIU/STB. This message shall |contain the
upstream connection parameters and downstream frequency on which the default conpection is to reside.
In the case of multiple connections, the US frequency shall be the same for all connectjons, and the OOB
and IB frequencies shall be the same for alkOOB and IB connections respectively.

2. The NIU/STB, upon receiving theMAC> Connect Messageshall tune to the required upstream and
downstream frequencies and sends¢tMAC> Connect Response Messagmnfirming receipt of the
message. However, if the US frequency contained in the <MAC> Connect Message is different than the
current US frequency, the NdU/STB shall enter the Sign-On procedure at the new freqyency, with the
same power and timing parameters and the Default_Connection_Established flag shall be set, and the
NIU/STB shall send the;x<xMAC> Connect Response Message after the <MAC> Initialization Complete
Message.

3. Upon receipt of th&eMAC> Connect Messagethe NRC shall confirm the new connectior] to proceed
by sending th&MAC> Connect Confirm Message

NRC NIU/STB

<MAC> Connect

Message —)

<MAC> Connect
(_ Response Message— |

<MAC> Connect

Confirm Message —)

Figure 7.8-19 - Connection Establishment Signaling Sequence
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Different access modes are provided to the NIU/STB within access regions specified by information contained in
the slot boundary fields of the downstream superframes. The limits between access regions allow users to know
when to send data on contention without risks of collision with contentionless type data. The NIU/STB shall not
use slots that do not have the expected slot type identified by the gpsk_slot_configuration. The following rules
define how to select access modes:

e Data connections:

When the NRC assigns a connection ID to the NIU/STB, it either specifies a slot list to be used
(Contentionless access) or the NIU/STB shall use contention or reserved access by following this

algorithm:

When the NIU/STB must send more cells than what was assigned by the NRC, it can use

contention access only if the number of cells to transmit is less than

Maximum_contention_access_message_length (specified in the MAC Connect Message from
the NRC). In that case, it must wait for the slot reception indicator before it is allowed to send
other cells with the same VPI/VCI value, unless the slot reception indicators are lost in which

one request for reservation access if the number of cells is less than

reservation access. If the NIU/STB is forced to use reservation access,@nd it has n
assigned a Reservation_ID, then it shall wait for an assignment befaré. transmitting.
¢+ MAC messages:

:Eust be less than 40 bytes long. If the MAC information exceeds 40,bytes, it must be segm
ultiple 40 bytes independent MAC messages. DS MAC messages are restricted to less th
120 bytes. Ranging access can only be used for specific MAC messages.

The folloving Upstream Access Types are defined:
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Contention Access
Contention Access

¢ells are used to determine the connection, type and‘direction of the data of higheClagtastio
ased access provides instant channel allocatienfor the

if an NIU/STB does not receive a positive acknowledgment.
ontentionless Access
ontentionless_Access

it frame counter. Two\scenarios exist for different cyclic assignments. Figure 7.8-20 illustra

case the ATM cells shall not be retransmitted (e.g. due to CRC error). The NIU/SFB

Maximum_reservation_access_message_length (specified in the MAC ConnecbMe
the NRC). If more cells must be transmitted, the NIU/STB must send multiple reque

MAC messages can be sent on contention access or reservation access. MAC messages S¢

indicates that data is sent in the slots assigned to the contention ac
in the upstream channéi.can be used either to send MAC messages or tataVPI, VCI of the A

can send

Esage from
5ts for
bt yet been

BNt upstream
nted into
n or equal to

Cess region
A\ TM

indicates that data is sent in slots assigned to the Contentionlg
ccess region in the upstream-channel. These slots are uniquely assigned to a connection L
ontentionless slots can be‘assigned with a slot list, or with a cyclic assignment. In both cag
ot_Persistent_Flag determines if the assignment persists or exists only for one cycle of thg

IU/STB. The Contention based technique is ysed for multiple subscribers that will have eq:[al access to
e channelSince simultaneous transmissions will occur, a positive acknowledgment of rece
RC is sent in the reception indicator field of the OOB downstream chaknellision will be ass

btion by the
umed

bSs based

y the NRC.
es the
SL-ESF M-
es both

ases for the cyclic’assignment for the non-persistent case. The persistent case would be egquivalent with

e assigned slots existing for consecutive ramps of the SL-ESF M-bit frame counter. The u
rame_Length'and Contentionless_Distance is not depicted.

be of
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SL-ESF M-bit  Contentionless_End > Contentionless_Start
Frame Counter

Time

7.8

Thi
sigH

Contentionless_Start- - - - - - - -

Contentionless End - - - /- - - - - -

St=ESFivi=bit—Comtentiontess —StarComntentiontess_End
Frame Counter

Time

Figure 7.8-20 - Contentionless Cyclic Assignments

Reservation Access

Reservation Access implies that data is_sent'in the slots assigned to the reservati
upstream channel. These slots are uniquely-assigned on a frame by frame basis to a ¢
NRC. This assignment is made at the request of the NIU/STB for a given connection.
Ranging Access

Ranging Access indicates that the data is sent in a slot preceded and followed by sl
other usersThese slots allow users;to adjust their clock depending on their distance to
their slots fall within the correct-allocated tinfehe Ranging Access area is either in the C
Access region or in slots assigned to the reservation region in the upstream channel. T
are uniquely assigned ona-frame by frame basis to the NIU/STB.

3.6.2 Connection Release

b section defines thesMAC signaling requirements for connection release. Figure 7.8-21 belq
aling flow for releasing a connection.
1. Upon receiving th&MAC> Release Messag&om the NRC, the NIU/STB shall tear down

indicatett-upstream connections.

2. Upontear down of the upstream connection, the NIU/STB shall serdtA€> Release Re

Messageon the upstream frequency currently being used by the NIU/STB for MAC Mes

bNn region in the
bnnection by the

ts not used by

he NRC such that
pntention

he reservation slots

w displays the

the

sponse
sages.

NRC NIU/STB

© ISO/IEC 1999 - All rights reserved

<MAC> Release

Message —)

<MAC> Release
(_ Response Message— |

Figure 7.8-21 - Connection Release Signaling
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7.8.3.7

MAC Link Management

The MAC Link Management tasks provide continuous monitoring and optimization of upstream resources. These
functions include:

7.8.3.7.1

Power and Timing Management
TDMA Allocation Management
Reservation Allocation Management
Channel Error Management

Power and Timing Management

Power and Timing Management shall provide continuous monitoring of upstream transmission from the

NIU/STB

. The<MAC> Ranging and Power Calibration Messageés used to maintain a NIU/STB within

predefined thresholds of power and time.

The Ups
Upon de
MAC> R
The NIU
resolutio

7.8.3.7.2

To ensute optimum assignment of TDMA resources, the NRC shall ensure the upstream allocation ¢

resource
event tha
reconfigd
NIU/STB
paramets

7.8.3.7.3

During p
periodic
periodic
when the

7.8.3.8

The MAC
is define
Start Fie
performg
exceptio

ream-Burst Demodulator-shall continuously maonitor the unstream burst transmissions from
7 T

ection of an NIU/STB outside the predefined range, the NRC shall send the

hnging and Power Calibration Messagéo the NIU/STB.

STB US power accuracy shall be less than or equal to +/- 1.5 dB. The NIU/STB nominal pg
n shall be 0.5 dB.

TDMA Allocation Management

5 for various connections remain intact when allocating resources ta-a.new connection. Hoy
It reconfiguration is required to minimize fragmentation of resources,‘then the NRC shall dy
re the upstream TDMA assignments to a NIU/STB or group of

s. The<MAC> Reprovision Messagds utilized to change previolsly established connection
Brs.

Channel Error Management

briods of connection inactivity, the NIU/STB shallsenter an Idle Mode. Idle mode is characte
ransmission by the NIU/STB okMAC> Idle Message The Idle Mode transmission shall occt
ate sufficient for the NRC to establish Packet’Error Rate statistics. The Idle Message shall
NIU/STB has at least one connection, afterthe <MAC> Connect Confirm Message is rece

MAC messages in the mini slots

[ messages may also be transperted in the minislot structure. The MAC message structure
| for the Reservation RequestiMessage. Other MAC messages in the minislots are to be dg
d (SF) for the MAC messages’is defined in the chapter for minislot framing structure. Error
d using a 2 byte Reed Solemon code. The check digits are computed as in the ATM slot wi
W that only 2 digits aretcomputed for g(x)=fera).

an NIU/STB.

\wer

f TDMA
vever, in the
namically

ized by
rata

be sent only
ved.

in the minislot
fined. The
Hetection is

th the
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Figure 7.8-22. MAC messages in the minislots
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3.8.1 Reservation Request Message

The Reservation Request Message has the same structure as in the case, it is transported in the upstream ATM
slot. The MAC message structure for carrying the Reservation Request Message is shown in the figure 8.

7.8

Thi
For
with
All

7.8
Thi
pro
7.8

The
Out

4B 1B 13 B 2B 1B
Unique |S RS |G
Mini slot payload
Word F B
| |
| 2B 6B 5B |
MSG
MAC Informa-
Conf MAC address
tion Elements
Type

3B 2B]

Res_ID|(Res

S Cntlerved

Figure 7.8-23. Reservation Request Message in the minislot MAC message structu

3.9 MAC Message Definitions

b section defines the MAC message set forDAVIC 1.3.1a.

all MAC messages where the parameter length is smaller than the field, the parameter shal
leading bits set to 0.

eserved fields in the MAC messages shall be set to 0.

3.9.1 Initialization, Provisiening and Sign On Messages

cedures.

3.9.1.1 <MAC>Provisioning Channel Message

<MAC> PROVISIONING CHANNEL MESSAGE is sent by the NRC to direct the NIU/STB
of Band(frequency where provisioning is performed. The format of the message is shown b

| be right justified

b section provides a detailed definition of the MAC messages for Initialization, Provisioning and Sign-On

to the proper
elow.
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Provisioning_Channel_Message()}{ Bits Bytes Bit Number /
Description
Provisioning_Channel_Control_Field 1
Reserved 6 7.2
Provider_Indentifier_Included 1 1:{no, yes}
Provisioning_Frequency_Included 1 0:{no, yes}
if (Provisioning_Channel_Control_Field &=
Provisioning_Frequency_Included) {
Provisioning_Frequency 32 4
Downstream_Type 8 1 {enum}
if (Provisioning_Channel_Control_Field &=
Provider_ldentifier_Included) {
Provider_ldentifier 32 4
}
}
Provisioning Channel Control Field
Provisioning_Channel_Control_Field is used to specify the downstream frequency and/or the
Provider| Identifier where the NIU/STB will be provisioned.
Provider|ldentifier Included
Provider] Identifier_Included is a Boolean when set, indicates th&rayider Identifier is
specifiedProvisioning Frequency Included
Provisioning_Frequency_Included is a Boolean when set, indicates that a downstream frequency is

specified that the NIU/STB should tune to begin the provisioning process:-When cleared, indicates that the current
downstrgam frequency is the provisioning frequency.
Provisioning Frequency

Provisioning_Frequency is a 32-bit unsigned integer représenting the frequency in which NIU/STB
provisiorling occurs. The unit of measure is Hz.
Downstréam Type

Downstrgam_Type is an 8-bit enumerated type indicating the modulation format for the downstream
connectipn.

enum [Downstream_Type { QAM,

QPSK’ _1.544,
QPSK_3.088,
Reserved 3..255  };

Provider|ldentifier
Provider| Identifier is a 32-bit unsigned integer representing the Out of Band identification injwhich

NIU/STB provisioning shall oecur.

7.8.3.9.112 <MAC> Default Configuration Message

The <MAC> DEFAULT CONFIGURATION MESSAGE is sent by the NRC to the NIU/STB. The megsage
provides|default.parameter and configuration information to the NIU/STB. The format of the messagg is shown
below
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Default_Configuration_Message(){ Bits Bytes

Bit Number /
Description

Regs_Incr_Pwr_Retry_Count
Service_Channel_Frequency
Service_Channel_Control_Field
MAC_Flag_Set
Service_Channel
Backup_Service_Channel_Frequency
Backup_Service_Channel_Control_Field
Backup_MAC_Flag_Set
Backup_Service_Channel
Service_Channel_Frame_Length
Service_Channel_Last_Slot
Max_Power_Level

1
32 4
1

NN
ow

w w ol
N
Lol

NN
o w

[e20Ne)]

Sig
Reg
NIU
if it’
Ser
Ser
Ser
tot
MA
MA
R1HK
Ad
info
bits|
cha
Int
RxH
SL-
dow
sec
rep
Int
con
Fla
Con
In G
par

Min_Power_Level
Upstream_Transmission_Rate
Max_Backoff Exponent
Min_Backoff Exponent
Idle_Interval

{enumj

= 00 00 W |00 = = WOl

o
NR R RREREoN

}

N-On Increment Power Retry Count

s_Incr_Pwr_Retry_Count is an 8-bit unsigned integer representing the number of atte)

/STB should try to enter the system at the same power level befareswitching to the Backuy

5 different than the Service Channel, or if currently on the Backup.Service Channel switchin|

vice Channel and incrementing its power level by 0.5 dB.

vice Channel Frequency

vice_Channel_Frequency is a 32 bit unsigned intéger representing the upstream frequ

he service channel. The unit of measure is in Hz.

C Flag_Set

C_Flag_Set is a5 bit field indicating the MACdlag set number assigned to the service cha
and R1c represent MAC Flag set 1). It can take the values 1..16. Values 0 and 17..31 are

bwnstream channel contains control information for each of its associated upstream channg

rmation is contained within structures known as MAC Flags. A set of MAC Flags, represent
(denoted b0..b23) or by 3 bytes (denodted Rxa, Rxb and Rxc), are uniquely assigned to a g

nnel. Refer to section 7.8.1.10 for a definition of the MAC Flags.

ne OOB downstream case, each*SL-ESF frame structure contains eight sets of MAC Flags
and Rxc, where x is replaced;by the numbers 1..8. In the case of a 1.544 Mbit/s downstrea

FSF frame occurs duringa'3'ms interval providing 8 sets of MAC Flags. In the case of a 3.(
nstream bit rate, two SL-ESF frames occur during a 3 ms interval, providing 16 sets of MA(

pnd set of MAC Flags'\(contained in the second SL-ESF) are denoted by Rxa, Rxb and Rxc

aced by the numbers*9 through 16.

e IB downstreaim case, the MAC Flags are contained in the MAC Control Message Structu

tain as many.as 16 MAC Flag sets. The MAC Flags 1..8 are contained in the "MAC Flags" f

Js 9..16 aré/contained in the "Extension Flags" field. Refer to section 7.7.14.1 for a descript
trol Message Structure.

ase pf'a 3.088 Mbit/s upstream channel, two sets of MAC Flags are required. In this case, t

hneter represents the first of two successively assigned MAC Flag sets.

mpts the
Service Channel
g back to the

ency assigned

nnel (i.e. R1a,
nvalid.
Is. This
bd by either 24
\ven upstream

represented by Rxa,
Lm bit rate, only one
88 Mbit/s

C Flags. The

where X is

re which can
eld and the MAC
on of the MAC

ne MAC_Flag_Set

Serl

/ice Channel

Service_Channel

is a 3-bit field which defines the channel assigned to the Service_Channel

_Frequency.

Although the function provided by this parameter is superseded in ISO/IEC 16500 by the MAC_Flag_Set, it is
retained in order to identify the logical channel assigned to the NIU/STB.
Backup Service Channel Frequency

Backup_Service_Channel_Frequency

is a 32 bit unsigned integer representing the upstream frequency

assigned to the backup service channel. The backup service channel is used when entry on the primary service
channel fails. The unit of measure is in Hz. If there is no Backup Service Channel, this parameter shall be equal to

the

© ISO/IEC 1999 - All rights reserved
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Backup MAC Flag Set

Backup_MAC_Flag_Set is an 5 bit field representing the MAC Flag set assigned to the backup service
channelThe function of this field is the same as the MAC_Flag_Set above but with respect to the backup service
channel. If there is no Backup Service Channel, this parameter shall be equal to the MAC Flag Set.

Backup Service Channel

Backup_Service_Channel is a 3-bit field which defines the channel assigned to the Backup
Service_Channel_Frequendhe function of this field is the same as the Service_Channel above but with respect
to the backup channel. If there is no Backup Service Channel, this parameter shall be equal to the Service
Channel.

Service Channel Frame Length

Service_Channel_Frame_Length is a 16-bit unsigned integer representing the number of slots in the
upstream Contentionless based Service Channel. The unit of measure is slots.

Service Channel Last Slot

Service_Channel_Last_Slot is a 16-bit unsigned integer representing the last slot in the Service

Channel
Maximum Power Level
MAX_Pgwer_Level is a 8-bit unsigned integer representing the maximum power the NIU/STB shall[be allowed
to use to[transmit upstream. The unit of measure is Q\8dB
Minimur Power Level

MIN_Poyer_Level is an 8-bit unsigned integer representing the minimum power the;NIU/STB shdll be
allowed fo use to transmit upstream. The unit of measure is IN5dB
Upstream Transmission Rate

Upstream_Transmission_Rate is a 3-bit enumerated type that indicates‘the upstream transmisgion rate.

enum Upstream_Transmission_Rate { Upstream_256K,

Upstreami 1:544M,
Upstream. 3.088M
Resetved 3..7 };

MIN_Bagkoff Exponent
MIN_Bagkoff Exponent is an 8-bit unsigned integerirepresenting the minimum value of the bacH off
exponent counter.

MAX_Backoff _Exponent
MAX_Backoff_Exponent is an 8-bit unsigned-integer representing the maximum value of the back off
exponent counter.
Idle_Intefval

Idle_Intefval is a 16-bit unsigned.inteéger representing the predefined interval for the MAC Idle |[Messages.
The unit of the measure is seconds..The value of zero indicates that no Idle Messages shall be sent

7.8.3.9.1.3 <MAC> Sign-On Request Message

The <MAC> SIGN-ON REQUEST message is issued periodically by the NRC to allow a NIU/STB to|indicate its
presence in the network.\The format of this subcommand is shown below.

Sign-On_Request_Message(){ Bits Bytes Bit Numbel /
Description
Sign-On_Control_Field 1
Reserved 7 7.1
Address—Filte—Params—nciuded + 8:{reyest
Response_Collection_Time_Window 16 2
if (Sign-On_Control_Field ==
Address_Filter_Params_Included) {
Address_Position_Mask 8 1
Address_Comparison_Value 8 1
}
}
Sign-On Control Field
Sign-On_Control_Field specifies what parameters are included in the SIGN-ON REQUEST

Address Filter Parameters Included
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Address_Filter_Params_Included is a Boolean, when set, indicates that the NIU/STB should respond

to the SIGN-ON REQUEST only if its address matches the filter requirements specified in the message. When not
set, any NIU/STB can respond to the SIGN-ON REQUEST.

Response Collection Time Window

Response_Collection_Time_Window is a 16-bit unsigned integer that specifies the duration of time the
NIU/STB has to respond to the SIGN-ON REQUEST. The unit of measure is msec.

Address Position Mask

Address_Position_Mask is an 8-bit unsigned integer that indicates the bit positions in the

NIU/STB MAC address that are used for address filtering comparison. This parameter represents the number of
bits that the Address Comparison Value should be left shifted before the compare operation. It has a range from 0
to 40.

Address Comparison Value

Address_Comparison_Value is an 8-bit unsigned integer that specifies the value that the

NIU/STB should use for MAC address comparison. These eight bits are compared against the 8 bits of the MAC
address after shifting according to the Address Position Mask.

7.813.9.1.4 <MAC> Sign-On Response Message

Thg <MAC> Sign-On Response Message is sent by the NIU/STB in response to the <MAC> S|gn-On Request
Message issued by the NRC Entity.

Sign-On_Response_Message(){ Bits Bytes Bit Numbef /
Description|
NIU/STB_Status 4
Reserved 29 31..3
Network_Address_Registered I 2:{no, yes}
Default_Connection_Established 1 1:{no, yes}
Calibration_Operation_Complete 1 0:{no, yes}
NIU/STB_Error_Code 2
Reserved 13 15..3
Connect_Confirm_Timeout 1 2:{no, yes}
Default_Connection_Timeout 1 1:{no, yes}
Range_Response_Timeout 1 0:{no, yes}
NIU/STB_Retry_Count 8 1
NIU/STB_Capabilities 32 4
Reserved 28 31.4
Minislots 1 3:{no, yes}
IB_ATM 1 2:{no, yes}
IB_MPEG 1 1:{no, yes}
OOB 1 0:{no, yes}
}

NIU/STB Status
NIY/STB_Status %\ IS a 32-bit field that indicates the current state of the NIU/STB. It has the following
subffields:
Network “Address_Registered indicates that the Network Interface Module has registered its
NSAPAddress with the Application Module. The NSAP Address is not currently used buf remains
reserved for this purpose.
Default Connection Established indicates that the Network Interface Module haf been
assigned Default Connection parameters.
Calibration_Operation_Complete indicates that the Network Interface Module has been
successfully calibrated. on the current US frequency. This field shall be cleared when the NIU/STB is
reset.
NIU/STB Error Code
NIU/STB_Error_Code is an 16-bit field that indicates the error condition within the NIU/STB. It has the
following subfields:

Connect_Confirm_Timeout

Default_Connection_Timeout

Range_Response_Timeout
Retry Count
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Retry Count is a 8-bit unsigned integer that indicates the number of transmissions of the <MAC> Sign-On
Response Message. This field is always included in the response to the <MAC> Sign-On Request Message. This
field shall be initialized to zero whenever a Sign-On procedure is started, and this field shall increment by one
each time the message is transmitted until the Sign-On procedure completes or the value reaches it's maximum
value (255). In the case that this field reaches it's maximum value, it shall remain at the maximum value for the
remainder of the current Sign-On procedure.

NIU/STB Capabilities

Minislots is an 1-bit field that indicates that the NIU/STB is capable of utilizing minislots.

IB_ATM is an 1-bit field that indicates that the NIU/STB is capable of utilizing IB ATM signaling.

IB_MPEG is an 1-bit field that indicates that the NIU/STB is capable of utilizing IB MPEG signaling.

OOBiis an 1-bit field that indicates that the NIU/STB is capable of utilizing OOB ATM signaling.

7.8.3.9.1.5 <MAC> Ranging and Power Calibration Message

The <MAC>RANGING AND POWER CALIBRATION MESSAGE 1s sent by the NRC 10 the
NIU/STH to adjust the power level or time offset the NIU/STB is using for upstream transmission:yThe format of
this mesgage is shown below.

Ranging_and_Power_ Bits Bytes | Bit(Number/
Calibration_Message(){ Description
Range_Power_Control_Field 1

Reserved 5 7.3
Ranging_Slot_Included 1 2:{no, yes}
Time_Adjustment_Included 1 1:{no, yes}
Power_Adjustment_Included 1 0:{no, yes}
if (Range_Power_Control_Field &=
Time_Adjustment_Included) {
Time_Offset Value 16 2
}
if (Range_Power_Control_Field &=
Power_Adjustment_Included) {
Power_Control_Setting 8 1
}
if (Range_Power_Control_Field &=
Ranging_Slot_Included) {
Ranging_Slot_Number_Field 16 2
Reserved 3 15..13
Ranging_Slot_Number 13 12..0
}
}
Range aphd Power Control kield
Range_Rower_Control,_Field specifies which Range and Power Control Parameters are included in the
messagsg.
Time Adjustment ingluded
Time_Adjustment-ihcluded is a Boolean when set, indicates that a relative Time Offset Value |s included
that the NIU/STB should use to adjust its upstream transmission.
Power AfljustIncluded
Power_Adjustinctuded—is @ Booleamr wherr set; ndicates that a retative Power-ComntrotSettimg-1s included

in the messagg
Ranging Slot Included

Ranging_Slot_Included is a Boolean when set, indicates the calibration slot is included in the message.
Time Offset Value
Time_Offset_Value is a 16-bit signed integer representing a relative offset of the upstream transmission

timing. A negative value indicates an adjustment forward in time. A positive value indicates an adjustment back in
time. The unit of measure is 100 nsec.

Power Control Setting

Power_Control_Setting is an 8-bit signed integer to be used to set theupstream power level of the
NIU/STB. A positive value represents an increase of the output power level.
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new output_power_level = current output_power_level + power_control_setting*0.5 dB
Ranging Slot Number Field
Ranging_Slot_Number_Field is a 16-bit field of which the 13 LSBs represent the ATM slot number
assigned for ranging the NIU/STB. It shall be assigned by the NRC in the reservation area. If necessary, the NRC
shall assure that an unassigned slot precedes and follows the ranging slot. Minislots are not used for ranging.

7.8.3.9.1.6 <MAC> Ranging and Power Calibration Response Message

The <MAC> RANGING AND POWER CALIBRATION RESPONSE Message is sent by the
NIU/STB to the NRC in response to the <MAC> RANGING AND POWER CALIBRATION MESSAGE. The
format of the message is shown below.

Ranging_and_Power_Calibration Bits Bytes Bit Number /
_Response_Message(){ Description
PUVVCI_CUI Itl U:_Scttll IH 8 1

}

Power Control Setting
Power_Control_Setting is an 8-bit unsigned integer representing the actual pewer used Hy the NIU/STB

for upstream transmission. The unit of measure is 0,8/dB

7.813.9.1.7 <MAC> Initialization Complete Message

Thg <MAC> INITIALIZATION COMPLETE Message is sent by the NRE€tothe NIU/STB to indigate the end of
the|MAC Sign-On and Provisioning procedure. The STB/NIU shall be.disabled after receiving g non-zero
Completion_Status_Field value.

Initialization_Complete_Message(){ Bits Bytes Bit Number /
Description
Completion_Status_Field 1
Reserved 4 7.4
Invalid_STB/NIU 1 3:{no, yes}
Timing_Ranging_Error 1 2:{no, yes}
Power_Ranging_Error 1 1:{no, yes}
Transmitter_Error 1 0:{no, yes}
}

Completion_Status_Field
Completion_Status_Field is an 8-hbit field that indicates errors in the initialization phase. It has the
following subfields:
Invalid_STB/NIU is a boolean that (when set to 1) indicates that the STB/NIU is inyalid.

Timing_Ranging™ Error is a boolean that (when set to 1) indicates that the ranging has not
succeeded!

Power_Ranging_Error  is a boolean that (when set to 1)indicates that the power ranging has not
succeeded.

Transmitter_Error is a boolean that (when set to 1) indicates a transmitter error.

7.8]3.922" Connection Management Messages

This section defines the MAC messages for connection establishment and release.
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7.8.3.9.2.1 <MAC> Connect Message

Connect_Message (){ Bits Bytes | Bit Number/
Description
Connection_ID 32 4
Session_Number 32 4
Resource_Number 16 2
Connection_Control_Field 1

DS_ATM_CBD_Included 1 7: {no, yes}

DS_MPEG_CBD_Included 1 6:{no, yes}

US_ATM_CBD_Included 1 5:{no, yes}

Upstream_Channel_Number 3 4.2

Slot_List_Included 1 1:{no, yes}

Syehe—Assighrment t B+{noyes}

Frame_Control_Field 16 2
Not_Persistent_Flag 1 15:{nayyes}
Frame_Length 15 14..0

Maximum_Contention_Access_ 8 1

Message_Length

Maximum_Reservation_Access_ 8 1

Message_Length

if (Connection_Control_Field &=

DS _ATM_CBD_Included) {

Downstream_ATM_CBD() 64 8

}

if (Connection_Control_Field &=

DS_MPEG_CBD_Included) {

Downstream_MPEG_CBD() 48 6

}

if (Connection_Control_Field &=

US_ATM_CBD_Included) {

Upstream_ATM_CBD() 64 8

}

if (Connection_Control_Field &=

Slot_List_Included) {

Number_Slots_Defined 8 1

for(i=0; i<Number_Slots_Defined,;

i++){

Slot_Number_Field 16 2
Minislot_Indicator 3 15..13
Slot_Number 13 12..0

}

}

if (Connectian\"Control_Field &=

Cyelic_Assignment) {

Countentionless_Start_Field 16 2
Minislot_Indicator 3 15..13
Contentionless_Start 13 12..0

Contentionless Dist 16 2

Contentionless_End 1 16 2

}

}

Connection ID
Connection_ID is a 32-bit unsigned integer representing a connection ldentifier for the NIU/STB Dynamic
Connection.

! This definition was changed from that in earlier DAVIC releases.
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Session Number

Session_Number is a 32-bit unsigned integer representing the Session that the connection parameters are
associated. This parameter is not currently used but remains reserved for this purpose.

Resource Number

Resource_Number is a 16-bit unsigned integer providing a unique number to the resource defined in the
message. This parameter is not currently used but remains reserved for this purpose.

Connection Control Field

DS _ATM_CBD Included is a boolean that indicates that the Downstream ATM Descriptor is included in the
message.

DS _MPEG_CBD_Included is a boolean that indicates that the Downstream MPEG Descriptor is included in
the message.

US_ATM_CBD_Included is a boolean that indicates that the Upstream ATM Descriptor is included in the

message.
Upstream Channel Number s a 3-hit unsigned integer that provides an identifier for the upstream channel.
Slot_List_Included is a boolean that indicates that the Slot List is included in the message.
Cydlic_Assignment is a boolean that indicates Cyclic Assignment.

Frame Control Field

Not| Persistent_Flag is a 1 bit field that indicates whether the contentionless connection assignment

grants slots for consecutive cycles of the SL-ESF M-bit frame counter. If the value\is’0, then the assignment is
persistent.
Frame_Length is a 15 bit unsigned number that represents the number of successive slots infthe contentionless
accpss region that is associated with each contentionless slot assignment. In the slot_list methpd of allocating slots
it rgpresents the number of successive slots associated with each elenient in the list. In the cydlic method of
allofating slots it represents the number of successive slots associated with the Contentionlesq Start_Slot and
those which are multiples of Contentionless_Distance from the Céntentionless_Start_Slot. If th
Minjslot_Indicator in the Slot_ Number_Field or in the Contentionless_Start field, has a value 1.]3, the
Frame_Length is interpreted in minislots. If it has a value zero\it is interpreted in ATM slots.

N

Maximum Contention Access Message Length
Maximum_Contention_Access_Message_Length is an 8 bit unsigned integer representing the

maximum length of a message in ATM sized cells that may be transmitted using contention ac¢ess. Any message
gregter than this shall use reservation access.
Maximum Reservation Access Message Length
Maximum_Reservation_Access_MessagesLength is an 8 bit unsigned integer representing the

maximum length of a message in ATM.sized cells that may be transmitted using a single reseryation access. Any
mesgsage greater than this shall be transmitted by making multiple reservation requests.
Downstream ATM Connection Block Descriptor

Downstream_ATM_CBD(X{ Bits Bytes Bit Number /
Descripfion
Downstream-Frequency 32 4
Downstream-VPI 8 1
Downstream_VCI 16 2
Downstream_Type 8 1 {enum}
}

Downstream_Frequency is a 32-bit unsigned integer representing the Frequency where the[connection
resides: The unit of measure is in Hz.
Downstream_VPI is an 8-bit unsigned integer representing the ATM Virtual Path Identifier that is used for
downstream transmission over the Dynamic Connection.

Downstream_VCI is an 16-bit unsigned integer representing the ATM Virtual Identifier that is used for
downstream transmission over the Dynamic Connection.

Downstream_Type is an 8-bit enumerated type indicating the modulation format for the downstream
connection.
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enum Downstream_Type { QAM,
QPSK_1.544,
QPSK_3.088,
Reserved 3..255  };

Downstream MPEG Connection Block Descriptor

Downstream_CBD_MPEG(){ Bits Bytes Bit Number /
Description
Downstream_Frequency 32 4
Program Number 16 2
}

Downstream_Frequency is a 32-bit unsigned integer representing the Frequency where the connection
resides. [The unit of measure is in Hz.
Program| Number is a 16-bit unsigned integer uniquely referencing the MPEG-2 TS PID of the-downstream
connectipn assignment.

Upstream ATM Connection Block Descriptor

Upstream_ATM_CBD () { Bits Bytes Bit Number
Description
Upstream_Frequency 32 4
Upstream_VPI 8 i
Upstream_VCI 16 2
Upstream_Parameters 1
MAC_Flag_Set 5 7.3
Upstream_Rate 3 2..0:{enum}
}

Upstream_Frequency  is a 32-bit unsigned integer représenting the channel on assigned to the cpnnection.
The unit of measure is in Hz.
Upstream_VPI  is an 8-bit unsigned integer representing the ATM Virtual Path Identifier that is usefd for
upstreanp transmission over the Dynamic Connection.
Upstream_VCI is an 16-bit unsigned integer representing the ATM Virtual Identifier that is used fof upstream
transmisgion over the Dynamic Connection.

MAC_Flag_Set is an 5 bit field representing the MAC Flag set assigned to the connéistibe.OOB
downstrgam SL-ESF frame payload structure, each set of three bytes, denoted by Rxa- Rxc, comprise a flag set.
These eight flag setre assigned the:numbers Olrivthe IB downstream timing, the fiag sets are assigried the
numbers| 0..19n the case of a 3.088)Mbit/s upstream channel, two successive flag sets are required [to define a
3ms peripdIn this case, this parameter represents the first of two successively assigned flaghsetase|oa
3.088Mbjt/s OOB downstream;*two successive SL-ESF frames define the 3ms iffteevka-Rxc bytes pf the

first frame represent flag sets 0..7 while the Rxa-Rxc bytes of the second frame represent flag sets §..15.

enum Upstream_Rate { Upstream_256K,
Upstream_1.544M,
Upstream_3.088M,
Reserved 3..7 }

Number of Slots Defined

Number_Slots Defined is an 8-bit unsigned integer that represents the number of slot assignments
contained in the message. The unit of measure is slots.

Slot Number_Field

Minislot_Indicator is a 3-bit enum type that indicates if the slot is an ATM slot or a minislot and in the
case of the minislot, it indicates which minislot.
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Enum Minislot_Indicator {

ATM_Slot,
1t minislot,
2" minislot,
3" minislot,
Reserved 4..7

h

Slot_Number

the

NIU/STB.

Contentionless Start Field

Min

case of the minislot, it indicates which minisi@ontentionless_Start

islot_Indicator

is a 16-bit unsigned integer that represents the Contentionless based Slot Number assigned to

is a 3-bit enum type that indicates if the slot is an ATM slot or a minislot and in the
is a 13 bit unsigned integer that

represents the starting upstream slot within the contentionless access region that is assigned to the NIU/STB. The
NIU/STB may use the next Frame_Length slots of the contentionless access regions. If the Minislot_Indicator has
a value 1..3, Contentionless_Start represents the upstream slot position in which the allocated

minislot is located.
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tentionless Distance

tentionless_Distance is 16 bit field of which the 13 LSBs represent the distance-in’sld
itional slots assigned to the NIU/STB. If the Minislot_Indicator has a value 1..3, Contentionl
rs to minislots, if the Minislot_Indicator has a value zero, the Contentionless_Distance refer
NIU/STB is assigned all slots that are a multiple of Contentionless_Distance ffom the

ons from each of these additional slots.

tentionless End

tentionless_End is a 16 bit field of which the 13 LSBs indicate\the last slot that may be
tentionless access. If Contentionless_End > Contentionless_Start/ then the slots assigned t
brmined by using Contentionless_Start, Contentionless_Distanee, and Frame_Length, cann
tentionless_End. If Contentionless_End < Contentionless ¢Start, then the slots assigned to
ermined by using Contentionless_Start, Contentionless<{Distance, and Frame_Length, must
pntentionless_End and < Contentionless_Start. If Cententionless_Start = Contentionless_FE|
gnment is persistent, then the slots assigned to the NIU/STB, as determined by using Cont
tentionless_Distance, and Frame_Length will be'equivalent to the case where Contentionlg
pre Contentionless_Start. In the case of minislots, the Contentionless_End defines the third
tream slot position.

3.9.2.2 <MAC> Connect Response: Message

<MAC> CONNECT RESPONSEMESSAGE is sent to the NRC from the NIU/STB in respq
\C> CONNECT MESSAGE. The'message shall be transmitted on the upstream frequency
\C> CONNECT MESSAGE.Ibthe US frequency is different than the current US frequency,
Cedure described in Section 7.8.3.5.2 shall be used before the <MAC> Connect Response

ts between
pss_Distance
5 to ATM slots.

tentionless_Start_Slot. The NIU/STB may use the next Frame_Length slots of-the contentigpnless access

used for

o the NIU/STB, as
ot exceed

the NIU/STB, as
not lie in the region
hd and the
bntionless_ Start,
ss_End is the slot
minislot in the

nse to the
specified in the
then the
viessage is sent.

/STB-Dynamic Connection.

Connect_Response Message(){ Bits Bytes Bit Numbgr /
Description
Connectign~ID 32 4
}
nection (D
nection=ID is a 32-bit unsigned integer representing a global connection Identifier for the

7.8.

3.9.2.3 <MAC> Connect Confirm Message

The <MAC> Connect Confirm message is sent from the NRC to the NIU/STB.
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Connection ID
Connection_ID is a 32-bit unsigned integer representing a global connection Identifier for the
NIU/STB Dynamic Connection.

7.8.3.9.2.4 <MAC> Reservation Request Message

Reservation_Request_Message ()}{ Bits Bytes | Bit Number/
Description
Reservation_ID 16 2
Reservation_Request_Slot_Count 8 1
}

Reservation_ID

upstreanm channel. The NRC will respond with the Reservation_Acknowledge_Message)granting thg request.

7.8.3.9.25 <MAC> Reservation Grant Message

The <MAC> RESERVATION GRANT MESSAGE is used to indicate to the NWJ/STB which slots havie been
allocated in response to the Reservation_Request_Me3saghIU/STB identifies its entry in the
Reserva]ion_Grant_Message by comparing the Reservation_ID assigned-to it by the
Reservation_ID_Assignment_Message and the entries in the Reservation_Grant_Message.
The format of the message is given below.
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Reservation_Grant_Message ()}{ Bits | Bytes [ Bit Number / Description
Reference_Slot 16 2 uimsbf
Number_Grants 8 1 uimsbf
for (i=1;i<=Number_Grants;i++) {

Reservation_ID 16 2 uimsbf

2 uimsbf

Grant_Slot_Count 4 15..12

Remaining_Slot_Count 5 11..7

Grant_Control 2 6..5

Grant_Slot_Offset 5 4.0

Number_of US_Channels 8 1
for (i=0;i<Number_of US_Channels;i++)

Minislot_Control_Field 1
Upstream_Channel_Number 3 7.5
MS_Feedback_Included 1 4:{no, yes}
MS_Allocation_Included 1 3:{np, yes}
Reserved 3 220

if (MS_Feedbackincluded ||

MS_Allocation_Included) {

MS_Reference_Field 16 2

}

if (MS_Feedback_Included) {

Number_of Feedbacks 8 1
for (i=0;

i<Number_of Feedbacks; i++)

{

Feedback_Offset 8 1

Feedback_Collision_Number_1 8 1

Feedback Collision_Number_2 8 1

Feedback Collision_Number_3 8 1
}

}

if (MS_Allocation_Included)£
Entry_Field 2

Stack (Entry 1 15
Reserved 3 14..12
Entry _Spreading 12 11..0
Number) of Allocations 8 1
fory(i=0;
i<Number_of Allocations; i++)

Allacation_Offset 8 1

Allocation_Collision_Number 8 1
}

}

}

}

Reference_slot

Reference_slot is an 16 bit unsigned number indicating the reference point for the remaining parameters of
this message. This represents a physical slot of the upstream channel. Since the up-stream and down stream slots
are not aligned, the NRC shall send this message in a downstream slot such that it is received by the NIU/STB
before the Reference_Slot exists on the upstream channel.

Number_grants

Number_Grants is an 8 bit unsigned number representing the number of grants contained within this message.
Reservation_ID

Reservation_ID is a 16 bit unsigned number representing a locally assigned identifier for the connection.

This is used as a short identifier by the NIU/STB to identify the appropriate Reservation_Grant messages.
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Grant_Slot_Count
Grant_Slot_Count is an 4 bit unsigned number representing the number of sequential slots currently granted
for the upstream burdtlpon receipt of this message the NIU/STB is assigned Grant_Slot_Count sequential slots

in the reservation access region of the upstream channel starting at the position indicated by the Reference_Slot
and Grant_Slot_Offset values. A value of zero indicates that no slots are being granted. This would typically be
the case in a response to a Reservation_Status_Request_Message

Remaining_Slot_Count

Remaining_Slot_Count is a 5 bit unsigned integer representing the remaining slots to be granted by the

NRC with subsequent grant messages. A value of Ox1f indicates that 31 or more slots will be made available in
the future. A value of Ox0 indicates that no additional slots will be granted in the future and that the slots granted

in this message represent the only remaining slots available for the connBle&dWlU/STB should monitor this

count to determine if sufficient slots remain to satisfy current n&dsild additional slots be required because

of lost grant messages or additional demand, additional slots should be requested using the Reservation_Request
messageAdditional Reservation Request Messages shall be sent only when the Remaining Slot Count is less
than 15.70 minimize contention on the upstream channel, the Reservation_Request _Message may, be sent in one
of the slgts granted by the Reservation_Grant_Message.
Grant_Cpntrol

Grant_Cpntrol is a 2 bit unsigned number coded as 0 (reserved for future use).
Grant_Slot_Offset
Grant_Slot_Offset is a 5 bit unsigned integer representing the starting slot to be/uséd for the ugstream

burst. This number is added to the Reference_Slot to determine the actual physidalsiaeceipt of this
messagq the NIU/STB is assigned Grant_Slot_Count sequential slots in the reservation access regipn of the
upstreany channel.
Number|of US_Channels
Number |of Channels is a 8-bit unsigned integer representing the number of Upstream channels |n this
messagsg.
Minislot_|Control_Field
Upstream_Channel_Number is a 3-bit unsigned integer representing the number of upstream chanhnel
controllefl by this downstream channel in this message.
MS_Feeflback Included is a boolean that indicates thatMinislot Feedback Section is included in the
message.
MS_ Allogation_Included is a boolean that indicates that Minislot Allocation Section is included jn the
messageq.
Minislot_|[Reference_Field
Minislot_|Reference_Field is a 16-bit field’of which the 13 LSBs represent the reference ATM [lot
number.
Number |of Feedbacks
Number |of Feedbacks is a 8-bit unsigned integer representing the number of three minislot feedlhack groups
in this mgssage.
Feedback Offset
Feedback Offset is a 8-bit.unsigned integer representing the offset of the group of three minislot$ in ATM
slots.
Feedback_ Collision_Number_1
Feedback Collision_Number_1 is a 8-hit unsigned integer representing the first minislot collisign
identificgtion in theigroup of three minislots. The values OxFF and OXFE represent for idle and succefssful
transmisgion, respectively.
Feedback Collision_Number_2
Feedback Collision_Number_2 is a 8-bit unsigned integer representing the second minislot collision
identification hree-minisiots-The values 0 Ad-0 j essful
transmission, respectively.

Feedback_Collision_Number_3

Feedback Collision_Number_3 is a 8-bit unsigned integer representing the third minislot collision
identification in the group of three minislots. The values OxFF and OXFE represent for idle and successful
transmission, respectively.

Entry_Field

Stack_Entry is a boolean which when set allows the NIU to send the contention based minislot in any of the
contention based minislots identified by the NRC. When set the splitting algorithm is carried out in the stack
mode, when not set the splitting algorithm is carried out in the tree mode.

Entry_Spreading is a 14-bit unsigned integer representing the probability that the NIU will contend for
access for NIU entering the process with a Allocation_Collision_Number=0. The NIU creates a random number
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between 0 and Entry_Spreading. If this number falls within the Allocation_Collision_Number=0, then the station
contends for access in that minislot, otherwise it will create a new random number between 0 and
Entry_Spreading.

Number_of Allocations

Number_of_Allocations is a 8-bit unsigned integer representing the number of contention resolution
allocations in this message.

Allocation_Offset

Allocation_Offset is a 8-bit unsigned integer representing the offset of the group of three minislots in
ATM slots.

Allocation_Collision_Number

Allocation_Collision_Number_1 is a 8-bit unsigned integer representing the group of three minislots in

which the NIUs having the Collision_Number are allowed to transmit.

7.8.3.9.2.6 <MAC> Reservation ID Assignment Message

Thg <MAC> Reservation ID Assignment Message is used to assign the NIU/STB a Reservaﬁbl;_lD.

NIU/STB identifies its entry in the Reservation_Grant_Message by comparing the Reservation |ID assigned to it
by the Reservation_ID_Assignment_Message and the entries in the Reservation_Grant Message.

Theg format of the message is given below.

Reservation_ID_Assignment_ Bits Bytes Bit Number /
Message (){ Description
Connection_ID 32 4
Reservation_ID 16 2
Grant_Protocol_Timeout 16 2
}

Connection ID

Connection_ID is a 32-bit unsigned integer representinga global connection identifier for th
NIY/STB Dynamic Connection.

Regervation_ID

Regervation_ID is a 16 bit unsigned number representing a locally assigned identifier for the connection.
This is used as a short identifier by the NIU/STB.10 identify the appropriate Reservation_Grant [Messages.
Grgnt_Protocol_Timeout
Grgnt_Protocol_Timeout is a 16 bit ginsigned number representing the time in milliseconds that the
NIU/STB should wait before verifying the status of pending grartts parameter specifies the timg that the
NIU/STB should wait after sending the)Reservation_Request Message or after receiving the lagt
Regervation_Grant_Message, with-an entry addressed to the NIU/STB containing a nonzero
Reraining_Slot_Count, beforeinitiating a reservation status redfuibst.NIU/STB has pending grahts and the
timeg-out occurs, it should sendthe Reservation_Status Request_Message to tlheeNRRC will respond

with the Reservation_Grant ‘Message (probably without granting any slots) to inform the NIU/S|TB of any
remaining slots left to be\grantethis allows the NIU/STB to correct any problems should they exist such as
issying an additional'request for slots or waiting patiently for additional grants.

D

7.813.9.2.7 <MAC> Reservation ID Response Message

Thg <MAC>'Reservation ID Response Message is used to acknowledge the receipt of the <MAC>
Regervation_ID_Assignment message.
Thqg format of the message is given below.

Reservation_ID_Response_Message (){ Bits Bytes Bit Number /
Description
Connection_ID 32 4
Reservation_ID 16 2
}

Connection ID
Connection_ID is a 32-bit unsigned integer representing a global connection identifier for the
NIU/STB Dynamic Connection.
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Reservation_ID
Reservation_ID is a 16 bit unsigned number representing a locally assigned identifier for the connection.

This is used as a short identifier by the NIU/STB to identify the appropriate Reservation_Grant_Messages.

7.8.3.9.2.8 <MAC> Reservation Status Request

The <MAC> RESERVATION STATUS REQUEST Message is used to determine the status of the outstanding
grants to be assigned by the NR®@is message is only sent after the Grant protocol time-out is excédubed.

NRC will respond with the Reservation_Grant_Message (possibly without granting any slots) to inform the
NIU/STB of any remaining slots left to be grant&tlis allows the NIU/STB to correct any problems should they
exist such as issuing an additional request for slots or waiting patiently for additional grants.

The format of the message is given below.

Reservation_Status_Request _Message ()} Bits Bytes Bit Number /
Description
Reservation_ID 16 2
Remaining_Request_Slot _Count 8 1

}

Reservalion_lD
Reservation_ID is a 16 bit unsigned number representing a locally assigned identifier for the conpection.
This is uged as a short identifier by the NIU/STB to identify the appropriate Reservation_Grant_Messgages.

Remaining_Request_Slot Count
Remaining_Request_Slot_Count is an 8 bit unsigned number representing the number of slots|that the

NIU/STH is expecting to be granted.

7.8.3.9.219 <MAC> Reservation Acknowledge Message

This megsage is replaced by the Reservation_Grant_MessdgAVOC 1.3.1acompliant STBs.
This megsage is used to indicate to the NIU/STB which slots’have been allocated in response to thel Reservation
Request|message. This message provides for two reservation acknowledges for each of the 8 assogiated upstream
channelq.
The NIU[STB identifies its entry in the Reservation_Acknowledge_Message by knowing the slot in which its
Reservation_Request_Message was sent and accepted along with its assigned upstream channel number
represented by (i). When a match is found between the Reservation_Request slot and a Ch(i)_Reqyest_Slot, the
Ch(i)_Grpant_Silot is the starting slot for the burst'transmission. The NIU/STB may use the next
Reservation_Request_Slot_Count slots in thé'reservation regions of the upstream channel.
The fornat of the message is given below.

Raservation_Acknowledge (Message(){ Bits Bytes | Bit Number/
Description

Reference_Slot 16 2

for (i=1;i<=8;i++){{
Ch(i)_Request_Slot
Ch(i) _Grant_Slot
Ch()xRequest_Slot
Ch(iy_Grant_Slot

00 0 00 0
PR

}

Reference Slot

Reference_Slot  is an 16 bit unsigned number indicating the reference point for the remaining parameters of
this message. This represents a physical slot of the upstream channel. Since the up-stream and down stream slots
are not aligned, the NRC shall send this message in a downstream slot such that it is received by the NIU/STB
before the Reference_slot exists on the upstream channel.

Ch(i) Request Slot

Ch(i)_Request_Slot is an 8 bit unsigned number representing the slot in which the Reservation Request
Message was received by the NRC. This number is subtracted from the Reference_slot to determine the actual
physical slot. A value of 0x00 indicates that no request is being acknowledged. If a
Reservation_Acknowledge_Message is not received within 250 slots of the Reservation_Request_Message, the
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unacknowledged Reservation_Request_Message shall be invalidated by the NIU/STB and a new one initiated if
necessary.

Ch(i) Grant Slot

Ch(i)_Grant_Slot is an 8 bit unsigned number representing the starting slot to be used for the upstream
burst. This number is added to the Reservation_Slot to determine the actual physical slot Upon receipt of this
message the NIU/STB is assigned Reservation_Request_Slot_Count sequential slots in the reservation access
region of the upstream channel starting at the slot designated by the Ch(i)_Grant_Slot. The Ch(i)_Grant_Slot
value of 0x00 indicates that no slots are being granted.

7.8.3.9.2.10 <MAC> Release Message

The<MAC> Release Messages sent from the NRC to the NIU/STB to terminate a previously established
connection.

Retease—Message()f Bits BytesTBitNumber+
Description
Number_of Connections 8 1
for(i=0;i<Number_of_Connections;i++){
Connection_ID 32 4
}
}

Number_of Connections
Number_of Connections is an 8-bit unsigned integer representing.the number of Connectipn Identifiers
listgd in the <MAC> Release Message.
Connection ID

Connection_ID is a 32-bit unsigned integer representing a global Connection Identifier for tHe NIU/STB
Dyrjamic Connection.

7.813.9.2.11 <MAC> Release Response Message

Thg <MAC> RELEASE RESPONSE MESSAGE issent by the NIU/STB to the NRC to acknowl|edge the release
of g connection. The format of the message is sliown in the Figure below.

Release_Response_Message (){ Bits Bytes | Bit Number/
Description

Connection_ID 32 4

}

Connection ID
Connection_ID is a 32-bit unsigned integer representing the global connection Identifier usgd by the
NIU/STB for this connection.

7.813.9.2.12 <MAC>"1dle Message

Thg<MAC> |dle-Messageis sent by the NIU/STB within the NIU/STB to the NRC at predefined jntervals when
upstream connection buffers are empty. The predefined interval is transmitted in the Default Cgnfiguration
Mesgsage.

Idle Message(){ Bits Bytes Bit Number /
Description
Idle_Sequence_Count 8 1
Power_Control_Setting 8 1
}

Idle Sequence Count

Idle_Sequence_Count is a 8-bit unsigned integer representing the count of <MAC> IDLE MESSAGES
transmitted while the NIU/STB is Idle. This count shall increment by one every time the message is sent and this
count shall count modulo 256.

Power Control Setting

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) 115


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

Power_Control_Setting is a 8-bit unsigned integer representing the actual power used by the NIU/STB
for upstream transmission. Unit of measure is 0,8dB

7.8.3.9.3 Link Management Messages

7.8.3.9.3.1 <MAC> Transmission Control Message

The <MAC> TRANSMISSION CONTROL MESSAGE is sent to the NIU/STB from the NRC to control several
aspects of the upstream transmission. This includes stopping upstream transmission, reenabling transmission from
a NIU/STB or group of NIU/STBs and rapidly changing the upstream frequency being used by a NIU/STB or

group of NIU/STBs. To identify a group of NIU/STBs for switching frequencies, the <MAC> TRANSMISSION
CONTROL MESSAGE is sent in broadcast mode withGiet Frequency included in the message. When

broadcast with th®Id_Frequency, the NIU/STB shall compare its current frequency value to

Old_Frequency When equal, the NIU/STB shall switch to the new frequency specified in the message.

When ndt equal, the NIU/STB shall ignore the new frequency and remain on its current channel.
Transrnission_Control_Message(){ Bits Bytes | Bit Number’
Description
Transmission_Control_Field 1
Reserved 3 75
Stop_Upstream_Transmission 1 4:{no, yes}
Start_Upstream_Transmission 1 3:{no, yes}
Old_Frequency_Included 1 2:{no, yes}
Switch_Downstream_OOB_Frequency 1 1:{no, yes}
Switch_Upstream_Frequency 1 0:{no, yes}
if (Transmission_Control_Field ==
Switch_Upstream_Frequency &&
Olg_Frequency_Included) {
Old_Upstream_Frequency 32 4
}
if (Transmission_Control_Field ==
Switch_Upstream_Frequency) {
New_Upstream_Frequency 32 4
New_Upstream_Parameters 2
New_Upstream_Channel_Number 3 7.5
Reserved 2 4.3
Upstream_Rate 3 2..0:{enum}
MAC_Flag_Set 5 7.3
Reserved 3 2.0
}
if (Transmission_Control> Field ==
Switch_Downstream ~@0B_Frequency &&
Olg_Frequency_dncluded) {
Old_Downstream_OOB_ Frequency 32 4
}
if ([Transmission_Control_Field ==
Switch{Downstream_OOB_Frequency) {
New_Downstream_OOB_Frequency 32 4
Downstream_Type 8 T {enum}
}
}
Transmission Control Field
Transmission_Control_Field specifies the control being asserted on the channel.
It consists of the following subfields:
Stop_Upstream_Transmission is a Boolean when set indicates that the NIU/STB should halt its
upstream transmission.
Old_Frequency_Included is a Boolean when set indicates that the Old Frequency value is

included in the message and should be used to determine if a switch in frequency is necessary
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Start_Upstream_Transmission

is a Boolean when set indicates that the Network Interface

Module should resume transmission on it upstream channel. The NIU/STB shall respond to the ranging
and power calibration message regardless of the setting 8fatteUpstream_Transmission

bit.

Switch_Upstream_Frequency
included in the message. Typically, theitch_Upstream_Frequency
Stop_Upstream_Transmission

and the

is a Boolean when set indicates that a new upstream frequency is

are set simultaneously to allow the NIU/STB to stop

transmission and change channel. This would be followed by the <MAC> TRANSMISSION CONTROL

MESSAGE with theStart_Upstream_Transmission bit set
Switch_Downstream_OOB_Frequency is a Boolean when set indicates that a new
OOB frequency is included in the message.

Upstream Frequency

Upstream_Frequency is a 32-bit unsigned integer representing the frequency that sho
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uency. The unit of measure is Hz.

aguanevtao-datarmina if o chanan 1n channal 1o e
T rreguthCy o gt e Crar g Criar e s Tregen

ed.

\m carrier center

I the upstream
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v_Upstream_Channel_Number is a 3-bit unsigned integer that provides anvidentifier fo
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tream_Rate is an 3-bit enumerated type indicating the data rate for the upstream connecftion.
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B8MDbit/s OOB downstream, two successive SL-ESF frames define the 3ms iffteeviaka-Rxc b
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that should be

used by the NIU/STB to compare with its current frequency to determine if a change in channel is required.
NeWw Downstream OOB krequency
New_Downstream_OOB:Frequency is a 32-bit unsigned integer representing the reassigneq downstream
OOB carrier center frequency. The unit of measure is Hz.
Downstream_Type
Downstream_fype is an 8-bit enumerated type indicating the modulation format for the downgtream
connection.
enum \.Downstream_Type  { Reserved,
QPSK_1.544,
QPSK_3.088,

Reserved 3..255  };

7.8.

3.9.3.2 <MAC> Reprovision Message

The <MAC> REPROVISION MESSAGE is sent by the NRC to the NIU/STB to reassign upstream resources
(maintaining the originally requested QoS parameters at the establishment of the connection.) This message is
intended for channel maintenance by the NRC to redistribute or reassign resources allocated to a NIU/STB.
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Reprovision_Message (){ Bits Bytes | Bit Number/
Description
Reprovision_Control_Field 1

Reserved 2 7..6

Delete_Reservation_IDs 1 6:{no, yes}

New_Downstream_IB_Frequency 1 5:{no, yes}

New_Downstream_OOB_Frequency 1 4:{no, yes}

New_Upstream_Frequency_Included 1 3:{no, yes}

New_Frame_Length_Included 1 2:{no, yes}

New_Cyclic_Assignment_Included 1 1:{no, yes}

New_Slot_List_Included 1 0:{no, yes}

if (Reprovision_Control_Field &=

New_Downstream_IB_Frequency) {
New_Downstream_IB_Frequency 32 4

}

if (Reprovision_Control_Field &=

Ngw_Downstream_OOB_Frequency) {
New_Downstream_OOB_Frequency 32 4
Downstream_Type 8 1 {enum}

}

if (Reprovision_Control_Field &=

Ngw_Upstream_Frequency_Included) {

New_Upstream_Frequency 32 4

New_Upstream_Parameters 2
New_Upstream_Channel_Number 3 7.5
Reserved 2 4.3
Upstream_Rate 3 2..0:{enum}
MAC_Flag_Set 5 7.3
Reserved 3 2..0

}
if (Reprovision_Control_Field &=
Ngw_Frame_Length_Included) {

New_Frame_Control_Field 16 2
Not_Persistent_Flag 1 15:{no, yes}
Frame_Length 15 14..0

if (Reprovision_Control_Field &=
Ngw_Slot_List_Included ||
Ngw_Cyclic_Assignment_Included) {
Number_of Connections 8 1
for(i=0;i<Number_ef\Connections;i++) {
Connection_(ID 32 4
if (Reprovision_Control_Field &=
New_Slot:List_Included) {

Number_Slots_Defined 8 1

for(i=0;i<Number_Slots_Assigned;

i++){

Slot_Number_Field 16 2
Minislot Indicator 3 1513
Slot_Number 13 12..0
}
}
if (Reprovision_Control_Field &=
New_Cyclic_Assignment_Included) {

Contentionless_Start_Field 16 2
Minislot_Indicator 3 15..13
Contentionless_Start 13 12..0

Contentionless_Dist 16 2

Contentionless_End 16 2

}
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}
}
}
Reprovision Control Field
Reprovision_Control_Field specifies what modifications to upstream resources are included.
It consists of the following subfields:
Delete_Reservation_IDs is a Boolean that indicates that the NIU/STB shall delete all

Reservation IDs that have been assigned to the Connection IDs contained in this message.
New_Downstream_OOB_Frequency is a Boolean that indicates that a new downstream OOB
frequency is specified in the message

New_Downstream_IB_Frequency is a Boolean that indicates that a new downstream IB
frequency is specified in the message

New | llnqtrp:-\m_lirpnllmnr‘y_lnr‘ll ided is a Boaolean that indicates that a new upstream frequency
is specified in the message.

New_Frame_Length_Included is a Boolean that indicates that a new upstream-frame is specified
in the message.

New_Slot_List_Included is a Boolean that indicates that a new slot list js‘Specifigd in the
message.

New_Cyclical_Assignment_Included is a Boolean that indicatesthat a new cyclical

assignment is specified in the message.
New Downstream IB Frequency

New_ Downstream_IB_Frequency is a 32-bit unsigned integer representing the reassigned fownstream IB
cartier center frequency. The unit of measure is Hz.
NeWw Downstream OOB Frequency
New_Downstream_OOB_Frequency is a 32-bit unsigned intéger representing the reassigneq downstream
OOB carrier center frequency. The unit of measure is Hz.
Downstream_Type

Downstream_Type is an 8-bit enumerated type indicatihg the modulation format for the downgtream
connection.

enum Downstream_Type  { Reserved,

QRSK _1.544,
QPSK_3.088,
Reserved 3..255  };

New Upstream Frequency
New_Upstream_Frequency _is-a 32-bit unsigned integer representing the reassigned upstregm carrier center
frequency. The unit of measure is Hz.
NeW Upstream Channel Number
New_Upstream_Channel>*Number is a 3-bit unsigned integer that provides an identifier fof the upstream
channel.
Upsgtream Rate
Upgtream_Rate \is an 3-bit enumerated type indicating the data rate for the upstream connection.

enum Upstream_Rate { Upstream_256K,
Upstream_1.544M,
Upstream_3.088M,
Reserved 3..7 I3

MAC_Flag_Set

MAC_Flag_Set is an 5 bit field representing the MAC Flag set assigned to the connection.

New Frame Control Field

Not_Persistent_Flag is an one bit field that indicates whether the contentionless connection

reprovisioning grants slots for consecutive cycles of the SL-ESF M-bit frame counter. If the value is 0, then the
assignment is persistent.

Frame_Length is a 15-bit number that represents the number of successive slots in the contentionless access
region that is associated with each contentionless slot assignment. In the slot list method of allocating slots it
represents the number of successive slots associated with each element in the list. In the cyclic method of
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allocating slots it represents the number of successive slots associated with the Contentionless_Start_Slot and

those which are multiples of Contentionless_Distance from the Contentionless_Start_Slot. If the

Minislot_Indicator in the Slot_ Number_Field or in the Contentionless_Start field, has a value 1..3, the

Frame_Length is interpreted in minislots. If it has a value zero it is interpreted in ATM slots.
Number of Connections
Number_of Connections
being reprovisioned.
Connection ID
Connection_ID
Connection.
Number of Slots Defined
Number_Slots Defined
contained in the message. The unit of measure is slots.
Slot Number Field

is an 8-bit unsigned integer indicating the number of Connection IDs that are

is a 32-bit unsigned integer representing a connection ldentifier for the NIU/STB Dynamic

is an 8-bit unsigned integer that represents the number of slot assignments

Minislot_|[Indicator is a 3-bit enum type that indicates if the slot is an ATM slot or a minislotcard in the
case of the minislot, it indicates which minislot.
Enum Nlinislot_Indicator { ATM_Slot,
1 st mihislot, 2 "d minislot, 3 "4 minislot, Reserved 4..7};
Slot_Number s a 13-bit unsigned integer that represents the Contentionless baséd Slot Number gssigned to
the NIU/$TB.
Contentipnless_Start_Field specifies the Contentionless_Start parameters.
Minislot_|[Indicator is a 3-bit enum type that indicates if the slot is an,ATM slot or a minislot ar|d in the
case of the minislot, it indicates which minislot.
Enum Nlinislot_Indicator { ATM_Slot,
1% minislot,
2" minislot,
3" minislot,

Reserved 4..7 };

Contenti
contentid
of the co

bnless_ Start is a 113 bit unsigned numbérthat represents the starting slot within the
nless access region that is assigned to the NIW/STB. The NIU/STB may use the next Fram
htentionless access regions. If the Minislot.indicator has a value 1..3, Contentionless_Start
slot position in which the allocated minislot is located.
ipnless Distance
Contentipnless_Distance is 16 bit field of which the 13 LSBs represent the distance in slots bg
additiondl slots assigned to the NIU/STB. {i'the Minislot_Indicator has a value 1..3, Contentionless_[
refers to |minislots, if the Minislot_Indicator has a value zero, the Contentionless_Distance refers to A
The NIUJSTB is assigned all slotsthat are a multiple of Contentionless_Distance from the
Contentipnless_Start_Slot. The NIU/STB may use the next Frame_Length slots of the contentionles
regions ffom each of these additional slots.
Contentipnless End
Contentipnless_End

is/16 bit field of which the 13 LSBs indicate the last slot that may be used fg

contentignless access:-If Contentionless_End > Contentionless_Start, then the slots assigned to the
d by usingiContentionless_Start, Contentionless_Distance, and Frame_Length, cannot ex
bnless_End. If Contentionless_End < Contentionless_Start, then the slots assigned to the N
d by dsing Contentionless_Start, Contentionless_Distance, and Frame_Length, must not |

determin
Contenti
determin

b Length slots
represents the

tween
istance
TM slots.

b aCCess

=

NIU/STB, as
ceed

IU/STB, as

e in the region
d the

> Conte tlonless End and < Contentlonless Start If Contentlonless Start
assignmen 3 5tk d 1

Contentlonless End ar

otiless_Start,

Contentlonless Dlstance and Frame Length WI|| be equwalent to the case where Contentlonless End is the slot
before Contentionless_Start. In the case of minislots, the Contentionless_End defines the third minislot in the

upstream slot position.

7.8.3.9.3.3 <MAC> Link Management Response Message
The <MAC> LINK MANAGEMENT RESPONSE MESSAGE is sent by the NIU/STB to the NRC to in

dicate

reception and processing of the previously sent Link Management Message. The format of the message is shown

below.
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Link_Management_Response_Message()}{ Bits Bytes Bit Number /
Description

Link_Management_Msg_Number 16 2

}

Link Management Message Number

Link_Management_Msg_Number

management message. The valid value&ifdc_Management_Msg_Number are:

Message Name Link_Management Msg_ Number
Transmission Control Message Transmission Control Message Type Value
Reprovision Message Reprovision Message Type Value

Mess

2
poTCtg T

7.8]3.9.3.4 <MAC> Status Request Message

The
NIU
errd

reqliest one parameter type at a time to a particular NIU/STB.

aa-Tvna\/aluac ara ancaded-acecordina-to-TFabla
Y P araeSare-eRco8ae e cEoramgto—Tabie-

STATUS REQUEST message is sent by the NRC to the NIU/STB to retrieve information a|
/STBs health, connection information and error states. The NRC can request either the add
r information, connection parameters or physical layer parameters from the NIU/STB. The

is a 16-bit unsigned integer representing the previously received link

bout the
ress parameters,
NRC can only

Status_Request_Message(){ Bits Bytes Bit Number /
Description
Status_Control_Field 1
Reserved 5 7.3
Status_Type 3 2..0:{enum}
}
Stajus Control Field

Sta

us_Type is a 3 bit enumerated type that indicates the status information the

NIU/STB should return
enum Status_Type { Address_Params,
Error_Params,
Connection_Params,
Physical_Layer_Params,
Reserved 4..7 }
7.8]3.9.3.5 <MAC> Status.ReSponse Message

Thq
RE
dep

<MAC> STATUS,RESPONSE MESSAGE is sent by the NIU/STB in response to the <MA
DUEST MESSAGE-issued by the NRC. The contents of the information provided in this me
ending on thewegUest made by the NRC and the state of the NIU/STB.

C> STATUS
Esage will vary
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Status_Response_Message(){ Bits Bytes Bit Number/
Description
NIU/STB_Status 4
Reserved 29 31..3
Network_Address_Registered 1 2:{no, yes}
Default_Connection_Established 1 1:{no, yes}
Calibration_Operation_Complete 1 0:{no, yes}
Response_Fields_Included 1
Reserved 4 7.4
Address_Params_Included 1 3:{no, yes}
Error_Information_Included 1 2:{no, yes}
Connection_Params_Included 1 1:{no, yes}
Physical_Layer_Params_Included 1 0:{no, yes}

if (Response_Fields Included &=
Address_Params_Included) {
NSAP_Address 160 20
MAC_Address 48 6

}

if (Response_Fields_Included &=
Errgr_Information_Included) {

Number_Error_Codes_Included 8 1
for(i=0;
i<Number_Error_Codes_Included;i++){
Error_Param_Code 8 1
Error_Param_Value 16 2
}

if (Response_Fields_Included &=
Connection_Params_Included) {

Number_of_Connections 8 1
for(i=0;
i<Number_of Connections;i++){

Connection_ID 32 4
}

}

if (Response_Fields_Included &=
Physical_Layer_Params_Included) {

Power_Control_Setting 8 1
Time_Offset_Value 16 2
Upstream_Frequency 32 4
Downstream_Frequency. 32 4

}

NIU/STH Status

NIU/STB_Status ()is a 32-bit field that indicates the current state of the NIU/STB. It contains the following

subfieldd:
Ngtwork/Address_Registered indicates that the Network Interface Module has registeredl its
N$AP/Address with the Application Module. The NSAP Address is not currently used but is rgserved for
this purpose.

Default_Connection_Established indicates that the Network Interface Module has been
assigned Default Connection parameters.
Calibration_Operation_Complete indicates that the Network Interface Module has been

successfully calibrated.
Response Fields Included
Response_Fields_Included is an 8 bit unsigned integer that indicates what parameters are contained in
the upstream status response.
NSAP Address
NSAP_Address is a 20 byte address assigned to the NIU/STB. The NSAP Address is not currently used but is
reserved for this purpose.
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MAC Address

MAC_Address is a 6 byte address assigned to the NIU/STB.

Number of Error Codes Included

Number_Error_Codes_Included is an 8-bit unsigned integer that indicates the number of e
contained in the response.

Error Param Code

Error_ Param_Code is a 8-bit enumerated type representing the type of error reported by the
NIU/STB.

rror codes are

Enum Error_Param_Code { Framing_Bit_Error_Count,
Slot_Configuration_ CRC_Error_Count,
Reed_Solomon_Error_Count,
ATM_Packet_Loss_Count,
SL-ESF Frame Count,

ATM_Cell_Count,
Reserved 6..255 }

r Param Value

ber of Connections

ber_of Connections is an 8-bit unsigned integer that indicates the number of connecti
ified in the response.

nection ID

nection_ID is a 32-bit unsigned integer representing the glebal connection Identifier usg

Power_Control_Setting is a 8-bit unsigned integer representing the actual power used by
pstream transmission. Unit of measure is 0.p\dB

e Offset Value

e Offset Value is a 16-bit signed integer representing a relative offset of the upstream
timing. A negative value indicates an adjustmentiforward in time. A positive value indicates an

tim¢. The unit of measure is 100 nsec.

Upstream Frequency

Upgtream_Frequency  is a 32-bit unsighed integer representing the channel on assigned to

Theg unit of measure is in Hz.

Downstream Frequency

Downstream_Frequency  is.a@32-bit unsigned integer representing the Frequency where the
resides. The unit of measure(is,in Hz.

7.9.4 Minislots

7.814.1 Carrying Minislots

Minjslots caf be utilized in both in-band signaled and out-of-band signaled systems. The in-bar
the|samecontrol fields as the out-of-band signaling inside the MAC flags, and the MAC messa
for both'in*band and out-of-band signaling case. The phrase minislot refers to a physical frame

pns that are

d by the

the NIU/STB

transmission
hdjustment back in

he connection.

connection

d signaling uses
hjes are the same
structure of the
DtS.

pasgsband upstream channel. The DAVIC 1.0...1.2 passband upstream slots are called ATM sl

7.8.4.2 Minislot framing structure

The upstream slot structure is sub-divided into three 21 byte long mini-slots. Each of these min

islots can be sent

by different user terminals. The upstream channel can support a mixture of ATM slots and minislots. The format
of the minislot is shown in the following figure. It contains a 3 byte DAVIC Unique Word (the minislot UW and
the ATM slot UW will differ to enable simple decoding of the ATM slots and the minislots by the PHY), a single

byte Start field, a 16 byte payload and a single byte guard band.
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64
bytes

A

DAVIC Slot Structure

Minislot Minislot Minislot GB
| 1]
< 21
bytes
4 1 15 1
uw SF PAYLOAD GB
UW = Unique Word|= 0XCCCCCCOE

SF = Start Field
GB =Guard Band

M = MAC indicator - set if minislot\eontains MAC message

R = Reserved

Figure 7.8-24. Minislot Framing-Structure.

7.8.4.3 |Contention resolution for minislots

The miniglots may carry the Reservation Request MAC message. The message is sent in a contentipn based
minislot. |In the case of collision, the resolution issearried out according to a NRC controlled ternary splitting
algorithn (see Figure 7.8-25). If Stack_Entry isqiot set a contention based minislot may enter the coptention
resolution when the Collision_Number in the Minislot contention allocation equals to zero, expecting(that the
Entry_Spreading value allows it. If Stack *Entry is set, the contention based minislot may enter the cpntention
resolutioh in any of contention based minislots. The NRC may allocate a group of three contention bpsed
minislots within the boundaries of an\upstream ATM slot anywhere in the reservation or contentionlgss region.
The feedback of the contention based minislots is transmitted in the Minislot feedback section of the
Reservation_Grant_Message. The feedback in the Collision_Number equals to OxFF and OxFE for iglle and
successful transmission, respectively. All other values of the Collision_Number are numbered as collisions.
The retrgnsmission of thé_collided contention based slots takes place in a random minislot in a group of three
minislots| indicated inthe Allocation_Collision_Number in the Minislot allocation section of the
Reservation_GrantiMessage.
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feedback=0xFF (error: empty slot)

’ feedback=0xFE (successful transmission)
feedback < OxEE. (r\nujsinn)

7.9

Thi
for
layd

7.9

The
tran

Figure 7.8-25. Ternary Splitg gorithm

QO

Passband Unidirectional PHY on S ite

b section describes the complete physical Iay@r%tructure, i.e. framing structure, channel cod
he carriage of S1, S2 and S3 information ugh a satellite transmission system (STS). Cd
r and framing specifications are providg\Qfor downstream information flow.

%
: N .
.1 Satellite Downstream Tr@%mlssmn Specification

satellite downstream transmission specification defined below is suitable for use on differe

o

pro

codjing rate can be variedallowing optimization of the system performance to specific system r

7.911.1 Framing q&ture, channel coding and modulation

For[systems wj tellite downlink frequencies in the range 10 to 15 GHz, the satellite downstjeam transmission

sp

For|syste

Sp

modli

sponder bandwidths. It ua\ uaternary Phase Shift Keying (QPSK) modulation and a con
ection strategy based on‘a/convolutional code and a shortened Reed-Solomon (RS) code.

ificatio be the “Framing structure, channel coding and modulation” defined in [ETS 3

ing and modulation
mplete physical

Nt satellite
catenated error
The convolutional
bquirements.

00 421].

ith satellite downlink frequencies in the range 2 to 6 GHz, the satellite downstream transmission

00 421] with

ification shall be the “Framing structure, channel coding and modulation” defined in [ETS 3
@mterleaving depth as described in section 7.9.1.3.

7.9

.1.2 High Reliability Marker

Satellite receive equipment which complies with other aspects of this international standard but does not use or
process the High Reliability Marker (specified in section 7.7.6 of this part of ISO/IEC 16500), whether or not it is
present in the data stream received over the satellite channel, is still considered ISO/IEC 16500 compliant.
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7.9.1.3 Interleaving for applications in the downlink frequency range 2 to 6GHz

For systems with satellite downlink frequencies in the range 2 to 6 GHz, the convolutional interleaving parameters
defined in [ETS 300 421] shall be used but an additional set of parameters corresponding to deeper interleaving
depth shall also be added. This additional set is as follows: (see [ETS 300 421] - section 4.4.2).

=51

M=4
Either set may be used.

7.9.2 Interworking of Satellite and Coax Transmission (Informative)

In cases where interworking of satellite and coax transmission is required, it is recommended to select appropriate
bit rates (see also Table D.1 of [ETS 300 421] and the table of useful bit rates in section 7.7.11).

7). Itis

cture, i.e.
MPEG-2-TS

and a
multi-rate framing structure are specified. QAM is specified due to its performance characteristics with respect to
spectral gfficiency. Three levels of modulation, 16 QAM, 64 QAM and 256 QAM; are defined to allovy flexible
implemeptation.
A TCM gode based on TCM defined by Wei [ITU-T V.34] is also used for'systems which require more
flexibility] Three grade levels are defined:

Grade A 16 and 64 QAM

Grade At 16 and 64 QAM/TCM
Grade B 16, 64 and 256 QAM/TCM
For the three levels the TCM shall be:
Grade A not required

Grade At required, but bypassable
Grade B required, but bypassable

To carry [upstream content information, a combination of DQPSK/16QAM and a multi-rate framing stfucture are
specified.

7.10.1 [Downstream MMDS

7.10.1.1 Encoding/Decoding Process

The prodesses in the following subclauses shall be applied as shown in Figure 7.10-1.
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Figure 7.10-1 - Conceptual block diagram of elements at the MMDS downstream head-end and receiving
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7.10.1.1.1 Baseband interfacing and sync

This unit shall adapt the data structure to the format of the signal source. The framing structure shall be in
accordance with MPEG-2 Transport Stream (including sync bytes).

7.10.1.1.2 Sync 1 inversion and randomization

This unit shall invert the Sync 1 byte according to the MPEG-2 framing structure, and randomizes the data stream
for spectrum shaping purposes.

7.10.1.1.3 Reed-Solomon (RS) coder

This unit shall apply a shortened Reed-Solomon (RS) code to each randomized transport packet to generate an
error-protected packet. This code shall also be applied to the Sync byte itself.

7.10.1.1 p—Convotationatinterteaver
This unit|{shall perform a convolutional interleaving of the error-protected packets with I=12/M=1%)(fof 16 and 64
QAM) arld I=204/M=1 (for 256 QAM). The periodicity of the sync bytes shall remain unchanged="To allow for
lower delay, the depth of the 256 QAM interleaver can be of depth 12 or 34.
7.10.1.15 Byte to m-tuple conversion

This unit|shall perform a conversion of the bytes generated by the interleaver into'@QAM symbols.

7.10.1.1)6 Differential encoding
In order 1o get a rotation-invariant constellation, this unit shall apply a differential encoding of the twg Most
Significapt Bits (MSBs) of each symbol.
7.10.1.1)7 TCM encoder/decoder
When uged the TCM replaces ‘Byte to m-tuple conversion’ and “Differential encoding’ blocks. The TCM purpose
is to conyolutionally encode the bits into the modulation and perform the differential encoding.
When it is not used, it shall be bypassed.

7.10.1.1)8 Baseband shaping

This unit|performs mapping from differentially.€acoded m-tuples to | and Q signals and a square-rogt raised
cosine filtering of the | and Q signals prior to QAM modulation.
7.10.1.1)9 QAM modulation and Physical Interface

This unit[performs QAM modulation. It is followed by interfacing the QAM modulated signal to the Radio
Frequengy (RF) MMDS channel.
7.10.1.100 MMDS receiver

A System receiver shall perform the inverse signal processing, as described for the modulation procgss above, in
order to fecover theaseband signal.

7.10.1.4 MPEG-2 Transport Stream

The MPHG-2 Transport Stream is defined in [ISO/IEC 13818-1]. The Transport Stream for MPEG-2 [data is
comprised of packets having 188 bytes, with one byte for synchronization purposes, three bytes of header
containing service identification, scrambling and control information, followed by 184 bytes of MPEG-2 or
auxiliary data.

7.10.1.3 Asynchronous Transfer Mode Stream

The Asynchronous Transfer Mode stream is defined in [ITU-T 1.361]. An ATM stream is comprised of packets
having 53 bytes, with a five byte header including connection identification and header error control, followed by
48 hytes of ATM payload.
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7.10.1.4 Framing structure when carrying MPEG-2-TS

The framing organization shall be based on the MPEG-2 transport packet structure. The system framing structure
shall be as shown in Figure 7.10-2.

Sync

187 byt
1 byte vies

(a) MPEG2-Transort Stream MUX Packet

( PRBSperiod = 1503 ftes )

YA - YA - YA
77 = = 77 = = 77
synel 187 byt Syne2 187 byt Syncs 187 byt synel 187 byt
Y ytes| ytes| Y ytes| ytes, =),
77 77 77

(b) Randomized tram®rt packets: 8nc bvtes and Randomized @&ence R

‘ 204 hvtes ‘
< >

Sync 1
%r 187 bytes RS(204,188)

Syncn

(c) Reed-Solomon R804.188. t=8) errorprotected

//// ////
Sync 1 Sync 1
or 203 bytes or 203 bytes
/s, | Syncn Sync n //
77 77

(d) Interleaved Frames with InterleawiDepth L
L=12 for16 and 6@AM. L=12, 34 or 204 for 2560AM

Sync 1 = nan-randomized, complemented sync byte
Sync n ='.non-randomized, sync byte, n = 2...8

Figuré.7.10-2 -Framing structure when carrying MPEG-2-TS.

7.1p.1.5 Framing structure when carrying ATM

7.10.1.5.1 “\Mapping of ATM cells

A freaming/structure is required to transport ATM over an MMDS network. This structure providgs
synchtenization for interleaving and FEC block alignment appropriate to the coax environment.| This function is
similar to that provided by SDH and SONET frames for similar functions related to their respective environments.
This structure supports the carriage of the ATM services needed for DAVIC 1.3.1a functionality. The

applicability of this structure to other ATM services would need to be determined on a case by case basis.
188-byte ATM transport MUX packets shall be used for the carriage of ATM over a MMDS network. This packet
structure provides synchronization and payload. The format of the packet structure is shown in Figure 7.10-3. The
steps (b), (¢) and (d) shown in Figure 7.10-2 shall also apply to ATM transport MUX packets.

Note that although the framing structure when carrying ATM cells uses the same length packets as for the case of
when carrying MPEG-TS, it is not the intent that these packets can be passed directly into an MPEG-TS demux.
This physical transport frame should not be assumed to be an MPEG-TS frame.
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SYNC PAYLOAD
Packet n 1 byte 187 bytes ATM transport MUX packets
SYNC PAYLOAD (two-packet sequence)
Packetn+l 1 pyte 187 bytes
7 ATM cells + 3 control bytes per two-packet sequence
CTRLO ATM cell 1 ATM cell 2 ATM cell 3 ATM cell 4 (part)
Packet n 1 byte 53 bytes 53 bytes 53 bytes 27 bytes
CTRL1 | cell 4 (cont) ATM cell 5 ATM cell 6 ATM cell 7 CTRL2
acket n+1 P PP Cae Co Com PN
~ Uyt CESTION e 2o 1IN et ey ey — UyiT
Figure 7.10-3 - Framing structure when carrying ATM.
The fieldp in the ATM transport MUX packets (Figure 7.10-3) are defined as:

SYNC The sync byte is a fixed 8 bit field with value 01000111b used\for frame
synchronization.

PAYLOAD This field carries 187 bytes of payload and is described in detail below.

A transnlission convergence sublayer is used to map the ATM cells into the payload provided by the frame. Three
bytes arg defined for this functionality labeled CTRLO, CTRL1, and CTRL2.~The alignment of the ATM cells is
synchrorized to a two packet sequence as shown below. This provides rapjd cell delineation and cel delineation
recovery|after errors.

CTRLO This byte indicates that a packet is the firstof the two packet sequence. Itg value is
E1PSSSSSb where E, P, and S bits are defined below. This also indicated that the first
byte of an ATM cell immediately follows.

CTRL1 This byte indicates that a packet is thé second of a two packet sequence. Jts value is
EOPSSSSSh where E, P, and Sybits are defined below.

CTRL2 This byte is reserved. It will be.defined for carriage of operation, administration, and
maintenance information (QAM).

Definition of E, P and S bit setting:

E [error) The transport error indicator is a 1 bit flag. When set to “1”, it indicates that at least 1
uncorrectable bit erfer’exists in the associated packet. This bit may be setlto “1” by
entities in the transport layer. When set to “1”, this bit shall not be reset to {0” unless
the bit value(s) in error have been corrected.

P (priority) The transport priority is a 1 bit indicator. When set to “1”, it indicates that the
associated packet is a greater priority than the packets with the transport griority set to
“0”.

S$SSS (stuffing)  Thisfixed 5 bit field with value 11111b. Any packet without this value shquld be
discarded. This could indicate that the associated packet is used for stuffing purposes
and does not contain valid payload. One or more of these packets may be|placed
anywhere in the stream.

ATM Transport.MUX packets and MPEG-2 Transport MUX packets shall have a common physical

depende
mapping

nt sublayer. This

QAM modulation and baseband filter characteristics shall apply in an identical way to the tfansport of

edia
means that usage of the High Reliability Marker, channel coding, byte—to—ZF/mbol

ATM Transport Mo X packetsand-MPEG=2-Transport Mt X packets:

7.10.1.5.2 Cell specific functionalities

7.10.1.5.2.1 HEC Generation/Verification

The entire header (including the HEC byte) shall be protected by the Header Error Control (HEC) sequence. The
HEC code shall be contained in the last byte of the ATM header.
The HEC sequence shall be capable of:

e single bit error correction

e multiple-bit error detection
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Error detection in the ATM header shall be implemented as defined in [ITU-T 1.432].

The HEC byte shall be generated as described in [ITU-T 1.432], including the recommended modulo-2 addition
(XOR) of the pattern 01010101b to the HEC bits.

The generator polynomial coefficient set used and the HEC sequence generation procedure shall be in accordance
with [ITU-T 1.432].

7.10.1.5.2.2 Cell Randomization and Derandomization

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, ATM cell
(de)randomization is not needed to improve the efficiency of the ATM cell delineation algorithm.
Therefore, ATM cell randomization shall not be applied.

7.10.1.5.2.3 Cell Delineation

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, the implementation of an
ATM cell based delineation is not needed in the STB.

7.1P.1.6 High Reliability Marker (HRM)

Thq High Reliability Marker (HRM) is system transparent tool that provides improved.packet syphchronization
roblistness. It is a transparent tool because the inclusion or exclusion of the HRM dees not affdct interoperability
of DAVIC system components. This transparency is accomplished by the format.of the HRM ag a field carried in
the|normal payload area of a standard MPEG-2 Transport Stream (MPEG-2'T.S) null packet. The PID of the HRM
is assigned a value of Ox1FFF, which is the PID value that is assigned for null packets. The HRM packet is
insgrted into the MPEG-2 Transport Stream prior to the framing operatiobs of randomization and interleaving.
Thqg inclusion or exclusion of the HRM tool by DAVIC systems companents (such as STBs, Delivery components,
Seryers, etc.) shall not affect the compliance of such components.to-the DAVIC specifications.
Thg High Reliability Marker (HRM) consists of a 184 byte Linear Feedback (LFSR) generated gattern. The HRM
padket (where HRM packet is defined as an MPEG-2 TS packet which contains the PID value {x1FFF and the
HRM field in the packet payload) is sent in constant intervals of 204 packets. The LFSR genergted patterns is
defined by the polynomial:

X +Hx0+ x®° +x + 1

with an initial seed value of 10000000.
Thg HRM packet is illustrated in Figure 7.10:4 -

TS Pakket Heade Pavioad
- 4 Octets > < 184 Octets .
Swnc RPID HRM
<+ r<{4—r r <4 r <>
8 3 13 8

Figure 7.10-4 - HRM Packet (Octet = byte)

An important feature of the HRM tool is the fact the HRM packet is transparent in DAVIC components which do
not utilize the HRM tool, and this transparency allows for full interoperability between DAVIC components
which utilize the HRM tools and DAVIC components which do not utilize the HRM tool.

This transparency/interoperability issue is described as follows:

(1) A DAVIC compliant multiplexer which utilizes the HRM tool as part of its multiplex structure will produce an
MPEG-2 Transport Stream in which every 204th TS packet is an HRM packet. DAVIC compliant demultiplexers
that do not utilize the HRM tool will discard the MPEG-2 TS packet which contains the HRM because the null
PID value will not be part of any defined program. DAVIC compliant demultiplexers that utilize the HRM tool

will accept the MPEG-2 TS packet that contains the HRM, via recognition of the HRM in a designated MPEG-2
TS null packet, and will utilize this information in its packet synchronization algorithm.
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(2) A DAVIC compliant multiplexer which does not utilize the HRM tool will generate a MPEG-2 Transport
Stream that does not include the HRM packet. DAVIC compliant demultiplexers that do not utilize the HRM tool
are unaffected. DAVIC compliant demultiplexers that do utilize the HRM tool will operate without the HRM,
although without the additional synchronization robustness that would exist if the HRM was present.

7.10.1.7 Channel coding

To achieve the appropriate level of error protection required for MMDS transmission of digital data, a FEC based
on Reed-Solomon encoding shall be used. Protection against burst errors shall be achieved by the use of byte
interleaving.

7.10.1.7.1 Randomization for spectrum shaping

The System input stream shall be organized in fixed length packets (see Figure 7.10-2) following the MPEG-2
transport multiplexer. The total packet length of the MPEG-2 transport MUX packet is 188 bytes. This includes 1
sync wolild byte (i.e. 47hex). The processing order at the transmitting side shall always start from thel MSB (i.e. 0)
of the sypc word byte (i.e. 01000111).
In order 1o ensure adequate binary transitions for clock recovery, the data at the output of the\MPEQ-2 transport

multipleX shall be randomized in accordance with the configuration depicted in Figure 7.10%5.
The polyphomial for the Pseudo Random Binary Sequence (PRBS) generator shall be:

1+ X14 + X15

Loading pf the sequence "100101010000000" into the PRBS registers, as indicated in Figure 7.10-5{ shall be
initiated @it the start of every eight transport packets. To provide an initializatiefy signal for the derandomizer, the
MPEG-2|sync byte of the first transport packet in a group of eight packets-shall be bitwise inverted flom 47hex to
B8hex.

initialization sequence
101 01000O0O0O00O0
415|6|7]|8|9{10(11({12(13(14|15

P e

g

00000011 ... o <—
( <«

>
T
|_> Randomized/clear

data output

Enable Clear/randomized
data input
Data input (MSB first)1 0 1|]1 100 0 X X X|X X X X X .... |
PRBS sequence: | 00000011 ...|

Figure 7.10-5 - Randomizer/derandomizer schematic diagram

The first bit at the output of the PRBS generator shall be applied to the first bit of the first byte following the
inverted MPEG-2 sync byte (i.e.B8hex). To aid other synchronization functions, during the MPEG-2 sync bytes
of the subsequent 7 transport packets, the PRBS generation continues, but its output shall be disabled, leaving
these bytes unrandomized. The period of the PRBS sequence shall therefore be 1503 bytes.

The randomization process shall be active also when the modulator input bit-stream is non-existent, or when it is
non-compliant with the MPEG-2 transport stream format (i.e. 1 sync byte + 187 packet bytes). This is to avoid the
emission of an unmodulated carrier from the modulator.
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7.10.1.7.2 Reed-Solomon coding

Following the energy dispersal randomization process, systematic shortened Reed-Solomon encoding shall be
performed on each randomized MPEG-2 transport packet, with T = 8. This means that 8 erroneous bytes per
transport packet can be corrected. This process adds 16 parity bytes to the MPEG-2 transport packet to give a
code word (204,188). RS coding shall also be applied to the packet sync byte, either non-inverted (i.e. 47hex) or
inverted (i.e. B8hex).

The Reed-Solomon code shall have the following generator polynomials:

Code Generator Polynomial:

Fiel

g(x) = (xHO)(x+pb)(x+p?) ... (x+u19), whereu= 02hex

d Generator Polynomial: p(x) =X+ x4+ x3+ x2+ 1

The shortened Reed-Solomon code shall be implemented by appending 51 bytes, all set to zero, before the
information bytes at the input of a (255,239) encoder; after the coding procedure these bytes are discarded.

7.10.1.7.3 Convolutional interleaving
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owing the scheme of Figure 7.10-6, convolutional interleaving shall be applied to the errany
e Figure 7.10-2(c)). This results in an interleaved frame (see Figure 7.10-2(d)).
convolutional interleaving process shall be based on the Forney approach, which is\compa
hsey type Il approach, with 1=12 for 16 and 64-QAM, and 1=12, 34, or 204 for 256:QAM. Th
ne shall be composed of overlapping error protected packets and shall be delimited by MPH
serving the periodicity of 204 bytes).

interleaver is composed of | branches, cyclically connected to the input byte-stream by the
nch shall be a First In First Out (FIFO) shift register, with depth (M) cells (where M = N/I, N 3
ected frame length, | = interleaving depth, j = branch index). The cellsof the FIFO shall con
input and output switches shall be synchronized.

synchronization purposes, the sync bytes and the inverted sync.bytes shall be always route
bf the interleaver (corresponding to a null delay).

deinterleaver is similar, in principle, to the interleaver, butttie branch indexes are reversed
esponds to the largest delay). The deinterleaver synchfenization is achieved by routing the
C byte into the "0" branch.

Convolutional Interleaver Convolutional Deinterleaver

rotected packets

tible with the
e Interleaved
G-2 sync bytes

input switch. Each
- 204 = error
tain 1 byte, and

bd into the branch

(i.,e.j=0
first recognized

. Sync word route
index )y
0  Sync word route 0 0 77 0
a— ° MiMIM|,, M
1 1 /7
‘ - - - . . .
2 2 \ f -4 -4 \
F———<—9 ———————=e
_// M Channel M M
3 3 -3 -3
a3 N Bl %
1 byte per I-2 -2
osition €y 7/* - M L]
-1 77 -1 -1 -1
— M|M|M]| ,, M @
/7
delay = index*M, index=0..1-1 delay @-1-index)*M, index=0..I-1
M-stage FIFO shift register 1=12 for 16/64QAM 1=12, 34 or 204 for 256

DAM

Figure 7.10-6 - Conceptual diagram of the convolutional interleaver and de-interleaver.

7.10.1.8 Byte to symbol mapping

After convolutional interleaving, an exact mapping of bytes into symbols shall be performed. The mapping shall
rely on the use of byte boundaries in the modulation system.
In each case, the MSB of symbol Z shall be taken from the MSB of byte V. Correspondingly, the next significant
bit of the symbol shall be taken from the next significant bit of the byte. For the cd8€)#\N modulation, the

process shall malp bytes inton symbols, such that:
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8k=n.m
The process is illustrated for the case of 64-QAM (where m = 6, k = 3 and n = 4) in Figure 7.10-7.

Byte V I Byte V+1 . Byte V+2

From interleaver [b7 b6 b5 b4 b3 b2 bl b{ b7 b6 b5 b4 b3 b2 bl b{ b7 b6 b5 b4 b3 b2 bl b
output (bytes) ‘ !
Y Y Y
To dl(fjferentlal b5 b4 b3 b2 bl bp b5 b4 b3 b2 bl B0 b5 ba b3 b2 bilb0 b5 ba b3 b2 1 bo
encoder

(6-bit symbols)

SymbolZ = Symbol Z+1  Symbol Z+2 Symbol Z+3

NOTE 1: b0 shall be understood as being the Least Significant Bit (LSB) of each bytelorl m-tuple.

NOTE 2: In this conversion, each byte results in more than one m-tuple, labeled Z;-Z+1,|etc. with Z
being transmitted before Z+1.

Figure 7.10-7 - Byte to m-tuple conversion for 64-QAM

7.10.1.9 Differential encoding

The two most significant bits of each symbol shall then be differentially coded'in order to abfirmtatiop-
invariant| QAM constellation. The differential encoding of the two MSBs-shall be given by the followirlg boolean
expressipn:

L =(A®B)(A® 1) +(A®BY.(AD Q)
Q :(A<® Bk)( B.® Q<—1)+( A® 3<)( B® ||+1)

Note: For the above boolean expressi@h"denotes the EXOR function, "+" denotes the Idgical
OR function, "." denotes the logicabAND function and the overbar denotes inversion.

Figure 7]10-8 gives an example of implementation of byte to symbol conversion.

q bits bq—l ...b0 ) )
8 Byt _)

l %/oe B, =D Q | and !
— q - _ k Q
from métuple 4) dn‘ferenﬂal‘)

k
cqnvolutional | cdonversion Ak bq+1 encoding Ik mapping } Q

inferleaver 4) 4)

g=2 for 16QAM, g=4 for 64QAM, g=6 for 256QAM

Figure 7.10-8 - Example implementation of the byte to m-tuple conversion
and the differential encoding of the two MSBs.

7.10.1.10 QAM Constellation Mapping

The System constellation diagrams for 16-QAM, 64-QAM and 256-QAM are given in respectively in the Figure
7.10-9, Figure 7.10-10 and Figure 7.10-11 (Figure 7.10-12 for the 256 QAM I=12 interleaver case).

As shown in the constellation diagrams, the constellation points in Quadrant 1 shall be converted to Quadrants 2,
3 and 4 by changing the two MSB (i.gaind Q) and by rotating the g LSBs according to the following rule

given in Table 7-29.
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Table 7-29 - Conversion of constellation of quadrant 1 to other quadrants of the
constellation diagrams given in Figure 7.10-9, Figure 7.10-10, Figure 7.10-11 and Figure 7.10-12.

Quadrant MSBs LSBs rotation
1 00 0
2 10 + /2
3 11 +7
4 01 + 3n/2
Q
11 01 10 11
® ® -+ ® ®
|ka—1o € Ika—OO
10 00 00 01
® ® -+ ® ®
l l l l | I
] ] ] ] ]
01 00 00 10
® ® -I- ® @
Ika—ll € Ika201
11 10 04 11
® ® -+ ® ®

Figure 7.10-9 - 16" QAM Constellation diagram

1100,(1110 0110 0100 | 1000 1001 1101 1100
@, &6 e e+ e o o
_ 1101 1111 01110101 | 1010 1011 1111 1110 _
Q=10 "0 @ © ete @ Q=00
1001 1011 0011 0001 T 0010 0011 0111 0110
®e e e e t+e o
1000 1010 0010 0000 | 0000 0001 0101 0100
®e e e o+ e o o I
1 1 1 1 1 1 1 1 1 1 1 1 1 1
T T T T T T T T T T T T T T
®e e e oe+e e o o
0100 0101 0001 0000 J 0000 0010 1010 1000
® e e e+ e e o
0110 0111 0011 0010 J 0001 0011 1011 1001
1Q,=11 o o © o100 o o o | Q=01
1110 1111 1011 1010 4 0101 0111 1111 1101
®e e e oe+e e o o
1100 1101 1001 1000 | 0100 0110 1110 1100

Figure 7.10-10 - 64 QAM Constellation Diagram
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000100 001100 011100 010100 110100 111100 101100 100100

T 000101 001101 011101010101 110101 111101 101101 100101 I Q — OO
1t © © o o o LT

T ooo111 001111 011111010111 110111 111111 101111 100111

T 000110 001110 011110 010110 110110 111110 101110 100110

T 000010 001010 011010 010010 110010 111010 101010 100010

T 000011 001011 011011010011 110011 111011 101011100011

1otale YU UeglieesS | 000001 001001 011001 010001 110001 111001 101001 100001
T © e e e e o o

| Q =10 1
k k 000000 001000 011000 010000 110000 111000 101000 100000
+t®e © © © o o o o |
—————————
rotate 180 degrees rotate 270 degrees
1, Q =11 1, Q =01

Rigure 7.10-11 - 256 QAM Constellation Diagram.Qy are the two MSBs in each quadrant
and should be prepended to the constellation values to complete the 8-bit value.

When the 1=12 interleaver is used for 256 QAM, the following constellation shall be used. The same|scheme as
describefl above shall be applied to obtain the constellations poiits in the other 3 quadrants.

T 100000 100001 100101 100100 110100 110101 (110001 110000
T~ @ [ ] [ ] [ ] [ ] [ ] [ ] [ ]
T 100010 100011 100111 100110110110 , 16111 110011 110010
T~ @ [ ] [ ] [ ] [ ] [ ] [ ] [ ]
T 101010 101011 101111 101110 111310 111111 111011 111010
T~ @ [ ] [ ] [ ] L J [ ] [ ] [ ]
T 10100 101001 101101 101100111100 111101 111001 111000
T~ @ [ ] [ ] (4 [ ] [ ] [ ] [ ]
1 1. O, =00
001000 001001 001101)" 001100011100 011101 011001 011000 K ~ k
T~ @ [ ] (J [ ] [ ] [ ] [ ] [ ]
T 001910 001011001111 001110 011110 011111 011011 011010
T~ @ ] [ ] [ ] [ ] [ ] [ ] [ ]
7 000910 (000011 000111 000110010110 010111 010011 010010
T~ @ ® [ ] [ ] [ ] [ ] [ ] [ ]
7 000000 000001 000101 000100 010100 010101 010001 010000
T~ @ [ ] [ ] [ ] [ ] [ ] [ ] ® I
| | | | | | | | | | | | | | | |

Figure 7.10-12 - 256 QAM Constellation Diagram for | = 12 Interleaver

7.10.1.11 TCM encoder/decoder

TCM replaces the byte-to-symbol mapping, differential encoding and QAM constellation mapping given in the
previous sections. It is a coding scheme that consists of the combination of a differential encoder, a convolutional
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encoder, and a mapper to the signal constellation. This takes place after the RS encoder and convolutional
interleaver, instead of the byte-to-symbol conversion used when TCM is bypassed, as shown in Figure 7.10-13 .
This coding scheme does neither modify the shape of the constellation, nor the spectrum shape, but only provides
additional coding gain which may increase the coverage area of the MMDS transmitter.

Three grade levels are defined for MMDS:

Grade A: 16 and 64 QAM

Grade A+ 16 and 64 QAM/TCM

Grade B 16, 64 and 256 QAM/TCM

For the three levels the TCM shall be:

Grade A not required

Grade A+ required, but bypassable

Grade B required, but bypassable

The MMDS receiver can detect whether TCM is used or not by trying and checking is frame lock is acquired.

QAM
Reed- signal mapper
Randomi Solomon Inter]
andomizer Encoder nterleaver
Trellis J
Encoder
CHannel
Trellis
Reed- | Decoder
. Solomon
D .
erandomizer Decoder Deinterleaver 1—\1_
QAM |

signal

Figure 7.10-13 - Reference model.atthe transmitter and receiver site

Thg TCM scheme is 4 dimensional, i.e., spans over2 consecutive symbol periods. iviat@dally invariant.

Aftgr an MSB first byte-to-serial conversion, bijts'are converted into parallel m-tuples at half the [pbaud rate, where
m=2qg+3 (q=2 for 16-QAM, q=4 for 64-QAM;.g=6 for 256-QAM). A differential encoder encodes|two out of the

3 MSBs. These two bits are then convolutionally encoded into 3 encoded bits. The 3 encoded bits and the 2g+1
undoded bits are finally mapped into 2 consecutive I-Q symbols as shown in Figure 7.10-14 .

q bits from D; (bg; .... bo)
I
Byte to q bits from D; (baq ... bg)
Serial
) 4D
_ Serial to Z 2 Signal
m-tuple_ g z Maopin
convérter |— 2 > - , pping
Ce Convolutional 2
Differential Encoder 7 Q
A Encoder | 2t | rate=2/3
g Z

Figure 7.10-14 - Reference model of the TCM encoder

7.10.1.11.1 TCM Byte-to-Serial and Serial-to-m-tuple Conversion

Bytes coming out of the convolutional interleaver first need to be serialized MSB first before conversion into m-
tuples as shown in Figure 7.10-7. The first bit in time is indicate@.byhe q LSBs are indexed 0 to g-1, the next

q bits are indexed q to 2g-1. The 3 MSBs (last in time) are indicategHy,(Bi=byq+1, and A=byq+2. (K is the

time index)

last in time first in time

[ [b13 | b12 | b11 | b10o| b9 | b8 ] b7 | b6| bs|] ba] b3] b2l b bd

Figure 7.10-15 - Serial bit stream before serial to parallel conversion
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7.10.1.11.2 TCM Differential encoder

Z.2= Byremains unchanged in the differential encoder. The other two MSBeA\G are differentially encoded
into Z! and Z2 as shown in Figure 7.10-16. The following Boolean expressions are implemented:

3_53 1
Z0=27 ,®Z; ,eA ®C,

k k-2
2 _
Zk—Bk

1 1
4= A®4

A detaileff Teference modelof the TCVencoder 15 Showr i the fottowing figure.

bo..bg. Uncoded bits in D;
bg..02q- Uncoded bits in D;
3 3
—’(C H + P z > ] mgb
K|
X .
B y Z2 a I
Isb
1
a + Z msp
@_ ’—ﬂ 2T Ishy
Dlifferential Encoder Convolutional Encoder Mapping

Figure 7.10-16 -‘Detailed reference model of the TCM encoder

7.10.1.11.3 TCM Convolutional encoder

The conyolutional encoderlis)a 16 states rate 2/3 encoder that works at half the bagi @¢ained fromjz
and z by|the following rational equation:

z, =2,
z,=2,
Z,=2,
ZZD3 +ZlD+ZlD2
Zy, = 2
1+D+D

7.10.1.11.4 TCM I-Q 4D and QAM constellation mapping

The 2q uncoded bits anc(z,, z;, ;) are then mapped into two consecutive QAM symbols. The first, resp. the
second symbol is given by selecting a subsete3p. Din the constellation that depends og &, z, 7) as
defined in Table 7-30, and a point in this subset given by the first, resp. the second set of g uncoded symbols.
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Table 7-30 - Subsets Allocation

(20,21,25,23) (Di, D)
0000 (D, Dy)
0001 (D, D))
0010 (D, D)
0011 (D, Dy)
0100 (DL D))
0101 (D, Dy)
0110 (DL Dy)
0111 (D, D)
1000 (D D))
1001 (D, Dy)
1010 (0, D)
1011 (D, D)
1100 (DL DY)
1101 (D,, Do)
1110 (DL Do)
1111 (D, D))

Thg D subsets are given for each set of g uncoded bits shown (LSB..MSB) inithe QAM constellations. The
16-RAM, 64-QAM and 256-QAM constellations are shown in Figure 7.10417, Figure 7.10-18, ahd Figure 7.10-
19, [respectively.

10,D3 11,D2 00,03 10,D2

[ J [ J - ( J [ J
00,D0 01,D1 01,D0 11,01

[ J ( ] - [ J [ J

| | | | | | |
I I I I I I
11,D3 01,D2 01,D3 00,D2

® [ J - [ J [ J
10,D0 00,D1 11,D0 10,D1

[ J [ J - [ J [ J

Figure 7.10-17 - 16-QAM uncoded bits and corresponding subset.

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) 139


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

Q

O O O OoOoTO0 O O o

1011,D0 0010,00 T 1111,D0 0011,D0
® O e OtTe O e O

O O O OoT0 O O O

1001,00  1100,00 T 011000  1101,D0
® O e OtTe O e O |
1 1

oOTO0 O O O

® O e OTe O e O

PR —V-N 4 2O B a 2O
VUV L, UV ViUV, UV - VUUU, UV 1UUVU,UJU

O O O OoT0 O O O

® O e OtTe O e O
0101,00  0111,D0 111000  1010,D0

o O O

D,, D,, D3 subsets cover the non-filled dots and are obtained by retating the
above [ subset by 90from the previous one, as shown for the 16QAM-¢onstellation.
Figure 7.10-18 - 64-QAM uncoded bits and corresponding subset.

111110 101110 101111 101040110111, “¥00110 010111 000110
® [ ] ® ® 310 L ® ®

101010 001010 010000 1011000001 100100 110110 001101
o o o ® o0 o o o

110001 000010 010100 <60111f 111010 001001 011001 011101
[ ] L [ ] ® 510 [ ] [ ] [ ]

111001 111000,~-'9411011 0000if 011111 010010 011010 010101
[ ] L] ® o t0 [ ] [ ] [ ] I

Ll Ll 1 I Ll Ll Ll
-15 13 -1A%9 -7 5 -3 141 3 5 7 9 11 13 15

® L] ® ® 1O [ ] ® ®
111100 001100 101100 10011)001111 101011 001011 011011

® ) ® e 1@ ) ® ®
011000 110000 010001 011110101001 100011 010011 110011

o o o o—llle o o o
011100 111101 111111 00000 000101 110101 000100 100001

° ° ° e ®le ° ° °
001000 010110 000111 100040100101 110100 100010 110010

D,, D,, D3 subsets are obtained by rotating the abaysubset by
90” from the previous one, as shown for the 16QAM constellation.
(non-filled dots as for 64QAM constellation not shown here)
Figure 7.10-19 - 256-QAM uncoded bits for Psubset.
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7.10.1.12 Quadrature Amplitude Modulation (QAM)

Quadrature amplitude modulation (QAM) is used as a means of encoding digital information over wireline,

wireless or fiber transmission links. The method is a combination of amplitude and phase modulation techniques.
The technique is used as a result of its performance with respect to spectral efficiency.

QAM is closely related to the original non-return-to-zero (NRZ) baseband transmission. All QAM versions can be
formed by generating two multilevel pulse sequences from the initial NRZ sequence, and applying these to two
carriers that are offset by a phase shift of 90 degrees. Each modulated carrier then yields an AM signal with
suppressed carrier. Since carrier multiplication in the time domain corresponds to a shift in the frequency domain,
the modulated spectrum maintains the shape of the two-sided baseband signal spectrum.

The spectrum of a QAM system is determined by the spectrum of the baseband signals applied to the quadrature
channels. Since these signals have the same basic structure as the baseband PSK signals, QAM spectrum shapes
are identical to PSK spectrum shapes with equal numbers of signal points.

Even though the spectrum shapes are |dent|cal the error performances of the two systems are quite different. With
large M v on is that the
dlstance between signal pornts ina PSK system is smaIIer than the drstance between pointsiin|a comparable QAM
sysfem.
QAM can have any number of discrete digital levels. Common levels are 4 QAM, 16 QAM, 64 @AM and 256
QAM. It is based on amplitude modulation of “quadrature” carriers, 90 degrees out of phase with each other. For
the |IDAVIC specification, 16 QAM, 64 QAM and 256 QAM levels are defined.

Table 7-31 - Specifications for QAM Modulation (Downstream)

Modglulation Three grades are defined:

Grade Modulation

A 16 and 64 QAM

A+ 16 and 64 QAM/TCM

B 16, 64 and 256 QAM/TCM
Channel Spacing 6 MHz or8 MHz
Symbol Rate 6 MHz; Fhe STB shall support at least one rgte within

the 5 - 5.304 Mbaud symbol rate rangg. The
value shall be a multiple of 8 kHz.
(Informative: The Recommended valug is
5.304 Mbaud)
8 MHz: The STB shall support at least one ratg within
the 6 - 6.952 Mbaud symbol rate range. The
value shall be a multiple of 8 kHz.
(Informative: The Recommended valug is
6.952 Mbaud)

Trapsmitted Spectrum Square root raised cosine approximation.
Roll-off factor:
Alpha = 0.13 (for 6 MHz) oAlpha = 0.15 (for 8 MHz).

Modulation 1/Q amplitude imbalance <1.0dB
Modulation 1/Q timing/misalignment < 0.02 T (T = Symbol Period)
Modlulation quadrature phase imbalance <1 degree
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Table 7-32 - Specifications for Radio Frequency (Downstream)

Downstream Transmitter Input Specifications

Channel Spacing 6 or 8 MHz
Frequency Error <1 kHz
Phase Noise (64QAM) < -85 dBc/Hz@ 1 kHz

Note: for 256 QAM the phase noise specs | <-95 dBc/Hz@ 10 kHz
should be 6 dB lower (e.g. -101 dBc/Hz at L& -110 dBc/Hz@ 100 kHz and above

kHz)
Gain Flatness + 0.5 dB across channel
IF Input Frequency 36 or 44 MHz
Input Level 85 dBuV
Input Connector female F type
Input Impedance 750
Input Refurn Loss > 20 dB

Subscriber Downconverter Output Specifications
Output Hrequency 54 - 860 MHz
The receiver shall operate over the entire specified fange.

Frequengy Error < 75 kHz
Phase Npise (64 QAM) <-75 dBc/Hz@ 1 kHz

Notej for 256QAM, the phase noise specs | < -85 dBc/Hz@ 10 kHz

shoyld be 6 dB lower (e.g. -91 dBc/Hz at 1p< -100 dBc/Hz@ 100 kHz and(@hove

kHz)
Noise Figure <4.5dB
Image Rgjection > 40 dB
IF Rejecfion > 60 dB
LNB DC|Power +21 V+10% forQ - 300 mA load

(Means to cut BCypower and over current should be provided)

Output donnector female F type
Output Impedance 750
Output Return Loss > 10,dB
Output Lpvel 50480 dBvV
Gain Flatness +4 dB across channel

4+ 3 dB across the allocated MMDS frequency band

The modulation of the System shall be:Quadrature Amplitude Modulation (QAM) with 16, 64 or 256 points in the
constellgtion diagram.

7.10.1.13 Baseband filter.characteristics

Prior to modulation, the | and’Q signals shall be square-root raised cosine filtered. The roll-off factor|shall be 0.13
(for 6 MHz) or 0.15 (for.8'MHz). The square-root raised cosine filter shall have a theoretical function|defined by
the folloying expression:

H(f)=1 for|f|< f,(1- a)
12
I—I(f)—Jl_u.lcin 7 [fN_“m forf (1-a)<lfl<f (1+a)
2 2 2fy| a ] " T
H(f)=0 for|f|>fN(1+a)
where fy L & is the Nyquist frequency

and roll-off factor oo = 0.13 (for 6 MHz) or a=0.15 (for 8 MHz).

The transmitter filter characteristic is given in the following section.
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7.10.1.13.1 Impulse Response for the Transmit Filters

The time-domain response of a square-root raised-cosine pulse with excess bandwidth paiamgeten by:

sin [ZL(1- a)]+ 2% cos [ZL 1+ a )]
o (1) - T T T
ﬂt[l_(4at)2]
T T

where T is the symbol period.
The output signal shall be defined as

S()=[Y I, »9(t- nT)]ecos@at )~ [ Q o ot- nD]esin(2z {9

where T is the symbol period (T=3/fand { the modulator’s carrier frequency.

I, ahd @ equal to +1 or £3, independently from each other, for 16-QAM;

I, ahd Q equal to 1 or 3 or +5 or £7, independently from each other, for 64-QAM;
I, ahd Q equal to +1 or £3 or 5 or £7 or £9 or £11 or £13 or £15, independently from each othqr, for 256-QAM.
Thg convolution of the transmitter filter impulse response with itself shall have low intersymbol |nterference less
than -40dB (RMS).

7.10.1.13.2 Baseband filter characteristics for 8 MHz

Thd template given in Figure 7.10-20 shall be used as a minimum requit€ment for hardware implementation of the
Nyquist filter. This template takes into account not only the design limitations of the digital filter | but also the
artifacts coming from the analogue processing components of theZSystem (e.g. D/A conversior, analogue filtering,
etc)).
The value of in-band ripple,rin the pass-band up to 0.§5$hall be lower than 0.4 dB. The out-of-pand
rejgction shall be greater than 43 dB. The ripglatrthe Nyquist frequencyfshall be lower than 0.4|dB.
Th filter shall be phase linear with the group delay rigp@&1 T, up to §, where, T = 1/R;is the synjbol

perfod. The group delay distortion is assumed to be.from the analog filtering.

H(f
A HO
A’ f N Nyquist frequency
0dB m | N
‘ 7
‘ frequency
%j rN <0.4dB
in-band-tippler,, <0.4 dB
-3.01dg . -\ . .. ... _ .. AU I‘N
: ‘ , out-of-band rejectign
| ‘ > 43 dB
-43 d | 3 // // /%
f f f
“.85.N N 1.1‘=.N

Figure 7.10-20 - Half Nyquist baseband filter amplitude characteristics for 8 MHz

7.10.1.13.3 Baseband filter characteristics for 6 MHz

The template given in Figure 7.10-21 shall be used as a minimum requirement for hardware implementation of the
Nyquist filter. This template takes into account not only the design limitations of the digital filter, but also the
artifacts coming from the analogue processing components of the System (e.g. D/A conversion, analogue filtering,
etc.).
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The value of in-band ripple,fin the pass-band up to 0.8/ ghall be lower than 0.4 dB. The out-of-band
rejection shall be greater than 43 dB. The ripglatrthe Nyquist frequencyfshall be lower than 1.0 dB.

The filter shall be linear phase with the group delay rigple0 Tg (ns) in the pass-band up to 0.§7aihd< 2.0
T, at fy, where T = 1/R;is the symbol period. The group delay distortion is assumed to be from the analog
filtering.

A HO
fN : Nyquist frequency
0dB Mm j N
‘ 7
\ frequency
| L 10 R
A‘ v N L.U U
in-band rippler,,, <0.4 dB N
-801dy _ . . o] 'N
: ‘ , out-of-band rejection
‘ ‘ > 43 dB
43 dB | 3 // // /%
0.871‘N f N 1.13fN

Figure 7.10-21 - Half Nyquist baseband filter amplitude ¢haracteristics for 6 MHz.

7.10.1.114 Information Bit Rate

Table 7-83 and Table 7-34 give examples of the wide range of possible MMDS symbol rates and ocfupied
bandwidths for different useful bit rates considering.26=QAM, 64-QAM and 256-QAM constellations for
non-TCM and TCM respectively.

Table 7-83 - Examples of useful bit rates Rand-total bit rates R, using recommended symbol res (roll-off =
13% for 6 MHz and toll-off = 15% for 8 MHz) for non-TCM.

Modulation Useful bitrate R , | Total bitrate R ¢ MMDS Occupied
scheme (MPEG-2 including symbol rate | bandwidth
transport layer) RS(204,188) and
[Mbit/s] HRM if applied [Mbaud] [MHZz]
[Mbit/s]
16-QAM 19.448 21.216 5.304 6.0
64-QAM 29.172 31.824 5.304 6.0
256:QAM 38.896 42.432 5.304 6.0
16-QAM 25.491 27.808 6.952 8.0
64-QAM 38.236 41.712 6.952 8.0
256-QAM 50.981 55.616 6.952 8.0
16-QAM (HRM) 19.353* 21.216 5.304 6.0
64-QAM (HRM) 29.030* 31.824 5.304 6.0
256-QAM (HRM) 38.706* 42.432 5.304 6.0
16-QAM (HRM) 25.367* 27.808 6.952 8.0
64-QAM (HRM) 38.050* 41.712 6.952 8.0
256-QAM (HRM) 50.732* 55.616 6.952 8.0
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(*) The data rate shown is the effective data rate excluding HRM. Actual bit rate of MPEG-2-TS is the same as
for non-HRM, as HRM is inserted in the MPEG-2-TS multiplexing process and removed in the demultiplexing
process.

Table 7-34 - Examples of useful bit rates Rand total bit rates R, using recommended symbol rates (roll-off
= 13% for 6 MHz and roll-off = 15% for 8 MHz) for TCM.

)]
for
pro
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nod
shal
Acd
rec
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Net

Modulation Useful bitrate R |, [ Total bit rate R ¢ MMDS Occupied
scheme (MPEG-2 including symbol rate | bandwidth
transport layer) RS(204,188),
[Mbit/s] TCM, HRM if [Mbaud] [MHZ]
applied
[Mbit/s]
16-QAM 17617 21216 5-364 60
64-QAM 26.741 31.824 5.304 6,0
256-QAM 36.465 42.432 5.304 6.0
16-QAM 22.305 27.808 6.952 8.0
64-QAM 35.050 41.712 6.952 8.0
256-QAM 47.795 55.616 6.952 8.0
16-QAM (HRM) 16.934* 21.216 5.304 6.0
64-QAM (HRM) 26.611* 31.824 5.304 6.0
256-QAM (HRM) 36.287* 42.432 5.304 6.0
16-QAM (HRM) 22.196* 27.808 6.952 8.0
64-QAM (HRM) 34.879* 41.712 6.952 8.0
256-QAM (HRM) 47.561* 55.616 6.952 8.0

he data rate shown is the effective data rate excluding’HRM. Actual bit rate of MPEG-2-T] is the same as
hon-HRM, as HRM is inserted in the MPEG-2-TS-multiplexing process and removed in the glemultiplexing
Cess.

D.1.15 Transmission Convergence Layer

downstream TDM frame range is between 3 and 6 msec approximately. It means that, for
10 MHz bandwidth could be performed by 700 ATM cells or 175 MPEG-2 Packets.

bxample, a frame

0.2 Upstream MMDS

upstream TDMA frame length is equal to the downstream TDM frame length (3 to 6 msec)| At the Access

e upstream receiver, the-upstream frame shall have a fixed delay relative to the downstreain frame. The STB
| adjust timing of upstream packet transmissions to coincide with the upstream frame slot bpundaries at the
ess node receiver,i’e., the STB shall achieve upstream symbol synchronization (with the Apcess node

biver) to a spetified level of accuracy. There are two levels of upstream synchronization: (1) before net entry
(2) after net entry.
maximumysynchronization error before net entry is determined primarily by the STB uncertginty of two-way
bagatiendelay, and the maximum uncertainty is determined by MMDS service cell radius. Hor STB net entry,
management shall allocate multiple contiguous slots as needed to form longer net entry slqts such that TDMA

pag

ket collisions caused by STB net entry transmissions are precluded. The net entry procedufe shall provide for

synchronization pull-in wherein the STB adjusts upstream time base in response to feedback of synchronization
error estimated by the Access node. After net entry the STB upstream synchronization error shall be maintained at
less than one upstream symbol in length (packet guard time is 2 symbols for QPSK and 3 symbols for 16 QAM).
The Access node shall provide periodic feedback of estimated upstream synchronization error to assist the STB in

mai
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7.10.2.1 Transmission Convergence Layer

7.10.2.1.1 Time Slot Format for DQPSK Upstream Physical Medium Dependent Layer

The specified upstream time slot structure is shown in Figure 7.10-22. A slot is 68 bytes long, consisting of a
preamble, one ATM cell, 10 Reed Solomon check bytes, and 1 byte of guard time for upstream synchronization
error. The preamble shall be set to [0OFCFCF3]hex and, unlike the other 64 bytes in the upstream time slot, the
preamble shall not differentially encoded. This results in a preamble modulated on the carrier as a 16 symbol
BPSK modulated Neuman-Hoffman sequence [0000 1110 1110 1101].

The one-byte guard time provides for upstream synchronization error after net entry. The preamble supports pull-
in of upstream timing during net entry, as well as measurement of upstream timing error to support maintenance
of upstream synchronization after net entry.

68 bytes upstream slot
4 bytes 53 bytes 10 bytes 1 byte
Preamble ATM cell R-S Parity Guard

Figure 7.10-22 - Upstream Time Slot Structure

The upstream frame consists of F slots where F depends on the upstream modulationyrate used. The F slots of a
frame arg partitioned into polling slots, contention slots, and traffic slots. The relative’number of thesg three types
of slots dre dynamic at the discretion of the slot assignment functions, under the constraint that their|total is F.

In the cape of ATM transport, a downstream time slot consists of one ATM ¢ell- The relationship of downstream
time slot$ to upstream time slots must satisfy the following equation:

2
N,-68.8 No2048

R-2  RM

whereR,|is the upstream channel symbol rég,is the number of upstream time slots (ATM celd)is the
number ¢f bits per symbol in the downstream (=4 for L6QAM, 6 for 64 QAM, 8 for 256 QAMRzisdhe
downstrgam symbol rate into the Reed Solomon dechigeas, the number of downstream time slots (ATM cells).

Table 7-35: Example Downstream/Upstream Framing Relationship (ATM Case)

Downstream 64QAM, Trellis, Gw Channel Upstream QPSK
Description .\(\,’s‘ Units  |Description Units
Frame Period - 6.042|ms Frame Period 6.042)ms
Time Slots per Frame 378.0 Time Slots per Frame 81.00
ATM Cell Rate 62563|cells/ls  JATM Cell Rate 13406]cells/s
ATM Rate 26.527|Mbps ATM Rate 5.684]Mbps
Time Slot Efficiency 371/376 Time Slot Efficiency 63/68
Bit Rate 26.8840|Mbps Bit Rate 6.1354|Mbps
Reed Solomon Efficiency 47151 Reed Solomon Efficiency 53/63
Reed Solomon Symbol Rate 2917 Coded Symbol Rate 7.2930|Msps
Irellis Code Efiiciency 1112 Rsd/Rsu 4
Coded Symbol Rate 31.8240|Msps QPSK Modulation 2
64 QAM Modulation 6 Channel Symbol Rate 3.6465|Mbaud
Channel Symbol Rate 5.3040]Mbaud  |Excess Bandwidth 1.3000]Hz/Baud
Excess Bandwidth 1.1300]Hz/Baud |Channel Bandwidth 4.7405|MHz
Channel Bandwidth 5.9935|MHz

In the case of MPEG-2-TS transport, a downstream time slot consists of one MPEG-2-TS packet. The relationship
of downstream time slots to upstream time slots must satisfy the following equation:
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N,-68:8 N -204-8
R,-2 Ry -M

whereRy is the upstream channel symbol rédg,is the number of upstream time slots (ATM celd)is the
number of bits per symbol in the downstream (=4 for 16QAM, 6 for 64 QAM, 8 for 256 QAMRisdthe
downstream symbol rate into the Reed Solomon dechigeas, the number of downstream time slots (MPEG-2-
TS packets).

Table 7-36: Example Downstream/Upstream Frame Relationship (MPEG-2-TS Case)

Downstream 64QAM, Trellis, 6 MHz Channel Upstream QPSK
Description Units Description Units
Erame Period 8.042lms Frame Periad 8.042lms
Time Slots per Frame 108.0 Time Slots per Frame 81.00

MPEG Packet Rate 17875|pkts/s ATM Cell Rate 13406]cells/s
MPEG Bit Rate 26.884|Mbps ATM Rate 5.684|Mbps
Time Slot Efficiency 1 Time Slot Efficiency 63/68

Bit Rate 26.8840|Mbps Bit Rate 6.1354|Mbps
Reed Solomon Efficiency 47/51 Reed Solomon Efficiency 53/63

Reed Solomon Symbol Rate 29.17 Coded Symbol Rate 7.2930|Msps
Trellis Code Efficiency 11112 Rsd/Rsu 4

Coded Symbol Rate 31.8240]Msps QPSK Modulation 2

64 QAM Modulation 6 Channel Symbol Rate 3.6465|Mbaud
Channel Symbol Rate 5.3040|Mbaud  |ExcessBandwidth 1.3000|Hz/Baud
Excess Bandwidth 1.1300|Hz/Baud |Channel Bandwidth 4.7405|MHz
Channel Bandwidth 5.9935|MHz

7.10.2.1.2 Time Slot Format for 16QAM Upstream Physical Medium Dependent Layer

Singe subscriber transmit power is more cost effective at MMDS frequencies than LMDS frequéncies, higher
order modulation can be used to improve.spectral efficiency, throughput, and capacity. Instead|of a 68 byte time
slot} the 16 QAM upstream will use a 6.5 byte time slot which consists of 8 bytes for preamblg, 53 bytes for
ATM cell, 14 bytes for Reed Solomonoverhead, and 1.5 bytes of guard time. The preamble will use the same 16
synmbol Neumann-Hoffman sequence which is represented by 8 bytes with 16 QAM modulation].

«— 76.5 bytes upstream slot —
8 bytes 53 bytes 14 bytes 1.5 bytes
Preamble ATM cell R-S Parity Guard

In the case of ATM transport, a downstream time slot consists of one ATM cell. The relationship of downstream
time slots to/upstream time slots must satisfy the following equation:

N, .204.8.2
S

N, 7658
R,-4 R, M

whereRy is the upstream channel symbol rég,is the number of upstream time slots (ATM celd)is the
number of bits per symbol in the downstream (=4 for 16QAM, 6 for 64 QAM, 8 for 256 QAMRisdhe
downstream symbol rate into the Reed Solomon dechidés, the number of downstream time slots (ATM cells).
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Table 7-37: Example Downstream/Upstream Framing Relationship (ATM Case)

Downstream 64QAM, Trellis, 6 MHz Channel Upstream 16 QAM
Description Units  |Description Units
Frame Period 6.042|ms Frame Period 6.042]ms
Time Slots per Frame 378.0 Time Slots per Frame 36.00
ATM Cell Rate 62563|cells/s  |ATM Cell Rate 5958|cells/s
ATM Rate 26.527|Mbps ATM Rate 2.526|Mbps
Time Slot Efficiency 371/376 Time Slot Efficiency 7/8
Bit Rate 26.8840|Mbps Bit Rate 2.8845|Mbps
Reed Solomon Efficiency 47/51 Reed Solomon Efficiency 53/67
Raed Saoloman Q\J:mhnl Rate 2017 Coded Qymhnl Ratg 35465 MGpG
Trellis Code Efficiency 1112 Rsd/Rsu 8
Coded Symbol Rate 31.8240|Msps 16 QAM Modulation 4
64 QAM Modulation 6 Channel Symbol Rate 0.9116|Mbaud
Channel Symbol Rate 5.3040|Mbaud  |Excess Bandwidth 1.3000|Hz/Baud
Excess Bandwidth 1.1300]Hz/Baud |Channel Bandwidth 1.1851IMHz
Channel Bandwidth 5.9935|MHz

In the cape of MPEG-2-TS transport, a downstream time slot consists of ene*"MPEG-2-TS packet. The relationship
of downdtream time slots to upstream time slots must satisfy the following-equation:

N, 7658 N, -204-8
R4  R,-M

whereRy|is the upstream channel symbol rédg,is the number.of upstream time slots (ATM celd)is the
number ¢f bits per symbol in the downstream (=4 for 16QAM, 6 for 64 QAM, 8 for 256 QAMRzisdhe
downstrgam symbol rate into the Reed Solomon dechidas, the number of downstream time slots (MPEG-2-
TS packets).

Table 7-38: Example Downstream/Upstream Frame Relationship (MPEG-2-TS Case)

Downstream 64QAM, TreIIis\lMHi Channel Upstream 16 QAM
Description (..<\\0 Units Description Units
Frame Period 6.042)ms Frame Period 6.042)ms
Time Slots per Frame 108.0 Time Slots per Frame 36.00

MPEG Packet Rate 17875|pkts/s ATM Cell Rate 5958]cells/s
MPEG Bit Rate 26.884]Mbps ATM Rate 2.526]Mbps
Time SletEfficiency 1 Time Slot Efficiency 718
Bit:Rate 26.8840JMbps Bit Rate 2.8845]Mbps
Reed Solomon Efficiency 47/51 Reed Solomon Efficiency 53167

Reed Solomon Symbal Rate 2917 Coded Symbol Rate 3.64650Msps
Trellis Code Efficiency 1112 Rsd/Rsu 8

Coded Symbol Rate 31.8240|Msps 16 QAM Modulation 4

64 QAM Modulation 6 Channel Symbol Rate 0.9116]Mbaud
Channel Symbol Rate 5.3040]Mbaud  |Excess Bandwidth 1.3000]Hz/Baud
Excess Bandwidth 1.1300JHz/Baud |Channel Bandwidth 1.1851|MHz
Channel Bandwidth 5.9935|MHz
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7.10.2.2 Physical Medium Dependent Sublayer

The coding and modulation of upstream packets is summarized in the block diagram in Figure 7.10-23.

The upstream ATM cell received from the transmission convergence layer shall be randomized for spectral
shaping with a randomizer, and the randomized ATM cell shall be encoded for forward error correction by a Reed
Solomon RS(63,53) code with 8-bit code symbols. The 4-byte or 8-byte sync preamble shall be appended to the
ATM cell and the resultant coded packet is mapped into I/Q baseband pulses to effect differentially encoded
QPSK or 16 QAM, respectively. The baseband modulation pulses shall be filtered with root-raised cosine filters
having an excess bandwidth factorof 0.30 and the packet data shall be burst modulated onto the upstream RF
waveform into an assigned slot.

The preceding operations at the subscriber node for upstream transmission shall be reversed at the Access node
end for reception of upstream burst transmissions.
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Figure 7.10-23 - Upstream Data Flow for QPSK (Upper Diagram) and 16 QAM (Lower Diagram)

7.10.2.2.1 Randomization for spectrum shaping

For the upstream packet, only the ATM cell of the packet shall be randomized. The randomizer shall be the linear
feedback shift register (LFSR) with generating polynonfiat x°+1. The initial contents of the register shall be
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all ones, and the LFSR shall be reset to initial condition at the beginning of each ATM cell. At the upstream
receiver, the complementary self-synchronizing feed-forward linear shift register derandomizer shall be used.

7.10.2.2.2 Reed-Solomon coding

Reed Solomon coding shall be applied to each randomized ATM cell. For Grades A and B, the code shall be the
shortened systematic Reed-Solomon code RS(63,53,t=5). The specified code generator polynomials are given by
Code Generator Polynomial:  g(x) = (xu9)(x+ud)(x+p?) ... (x+19), whereu= 02hex

Field Generator Polynomial: p(x) =X+ x4+ x3+ x2+ 1

The specified code has a block length of 255 bytes, and shall be configured as a RS(255,245, t=5) code with
information bits preceded by 192 zero symbols. The resultant code will correct t=5 byte errors in each code word.
For Grade C, the applied Reed Solomon code is specified to have stronger correction power than that for QPSK
due to the increased signal to noise ratio required for 16 QAM modulation,. The code shall be the shortened
systematic Reed-Solomon code RS(67,53,t=7). The specified code generator polynomials are given by

Code Generartor Polynomial —— g(X) = (o) (X (XFh2) ... (XFio), wherep= UZhex
Field Generator Polynomial: p(x) =¥+ x4+ x3+ x2+ 1

Theg specified code has a block length of 255 bytes, and shall be configured as a RS(255;241, {=7) code with
information bits preceded by 188 zero symbols. The resultant code will correct t=7 byte errors in each code word.

7.10.2.2.3 Modulation

Thq specifications which shall apply to QPSK/16QAM modulation for the upstream channel ar¢g given in Table 7-
39.

Table 7-39 - Specifications for Modulation(Upstream)

Modglulation Grade A and B: Differentially enceded QPSK
Grade C: 16 QAM
Differential Encoding Bytes entering the byte-to<symbol encoder are divided into foJr bit
(Grpade A and B pairs, each bit pair generating one QPSK symbol. Byte boundgried
coincide with bit pair.boundaries: that is, no bit pairs overlap two
bytes. The bit pair-corresponding to the MSBs of the byte is s@nt fiyst.
Within each bit pair, the more significant bit is referred to as ‘A’ anfl
the less significant as ‘B’. The differential encoder shall accept bits
A,B in sequence and generate phase changes as follows:
A B Phase Change
0 0 none
0 1 +90 degrees
1 1 180 degrees
1 0 -90 degrees
Prepmble The Preamble is four bytes: 00 FC FC F3 hex, transmitted in this drder.
Grgdde A and B
Prepmble The Preamble uses the same 16 symbol Neumann-Hoffman sequgnce
Grgde C mapped to 8 bytes in 16 QAM.
Signal Constellation The outputs I, Q from the differential encoder map to the phasg sthtes
Grgde A and B as follows:
Q
01 ° ° 11
00 ® ® 10
This constellation is used for the detection of the Preamble, which is
not differentially encoded.
Signal Constellation Same as in Section 7.10.1.10 for 16 QAM modulation and physica
Grade C interface
Transmission Rates Integer divisors of the downstream symbol rate into the Reed—STIomon
decoder.
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Transmit Filtering

Root raised cosine filtering, roll-off factor= 0.30

Data Randomization

The Preamble shall be sent in the clear. Before addition of the F
bytes (to be calculated over the randomized ATM cell), randomiza
shall apply only to the 53-byte ATM cell, with the randomizer
performing modulo-2 addition of the data with a pseudo-random

sequence. The generating polynomiakles+ X° + 1 with seed all
ones. FEC bytes shall be calculated over the randomized 53-byte
cell.

Byte/serial conversion shall be MSB first. The 424-bit binary sequd

generated by the shift register starts with 00000100... The first “0"]i

to be added to the first bit after the Preamble.
Randomizer:

Serial Iput

=—C
ion

ATM

nce

éf EE
Serial Ouput

A complementary non self-synchronizing-derandomizer is used in

the

receiver to recover the data. The derandemizer shall be enabled &fter

detection of the Preamble.
Derandomizer:

1 Irput

Serial OUput
Frequengy Range Region Dependent (less than 10 GHz)
Frequengy Resolution <500 Hz

Transmitter Power Spectral

The Transmitter Power Spectral Mask shall comply to the values d

ven

Mask in Table 7-40.
The transmit filter when convolved with itself shall have a carrier tg
intersymbol interference ratio of greater than 30 dB.

Carrier Suppression >30dB

1/Q Amplitude Imbalance <1dB

1/Q Phase Imbalance < 2.0 degrees

Table 7-40 - QPSK or 16 QAM Upstream Transmitter Power Spectrum Mask.

[ (f-T.) /1| Response Tolerance
[dB] [dB]
<l 0 +0.25
at 1 -3 +0.5
at 1+o <-22 -
at 2a <-30 -
>2 <-32 -
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7.10.2.2.4 Specifications for the IF Interface

The Downstream Physical Interface applies to the intermediate frequency (IF) interface between the Radio
Frequency Unit (RFU) and the UPI/STB as measured at the UPI/STB connector. Specifications for the Upstream
Physical Interface is shown in Table 7-54 and applies to the same IF interface.

Table 7-41 - Specifications for the Physical Interface (Upstream)

Upstream Frequency 400 to 700 MHz
The transmitter shall operate over the entire specified frequency rdnge.
Upstream signal level -40 to -10 dBm
Transmission mask -30 dB below the nominal level after the guard interval
(Rejection after burst -40 dB below the nominal level after a 10 packet length
transmission) -50 dB below the nominal level after a 100 packet length
-60 dB _below the nominal level after a 1000 packet length
Channel Spacing Nx100 kHz, N>9
Channel Bandwidth Grade A1 -2.5 MHz
GradeBandC 1-26 MHz
Phgse Noise The phase noise shall not exceed the maximum leyéls shown in[Table
7-42.
Frefluency Resolution <500 Hz
DC|power 18 — 24 Vdc, Pow&{aiiane > 18 W (ON/OFF selectable)
Note: this power must be
supplied by the NIU and is not
proyided over the AQ interface.
Return Loss > 13 dB (in-band)
Impedance 750
Physical Connector Type F-type female

Table 7-42 - Maximun» Phase Noise Levels

QPSK Mogdudation 16 QAM Modulatign
Frequency Offset [kHz] At RFU Input || ‘At UPI/STB Input At RFU Input At UPI/§TB Input

[dBc/HZ] [dBc/HZ] [dBc/Hz] [dBg¢/HZ]

1 -51 -41 -57 47

10 -81 -71 -87 77

50 199 -92 -105 98

100 -99 -95 -105 101
500 -109 -104 -115 110
1000 -115 -110 -121 1117
2000 -121 -116 -127 1122

7.10.3 MAC-Protocols and Scenarios

7.1D.3.% Introduction

This 'séetion describes the messages for establishing, maintaining, and managing the physical ireless media for
communicaiion between an AlU (Air Interface Unit) at the head-end access node and an NTU (Network Interface
Unit) at the subscriber premises. Examples of scenarios such as an NIU entering the network or requesting more
resources are given. The messages can be combined in a sequence that would create another scenario and, thus,
the scenarios given are not to be interpreted as the only possible scenarios. However, the scenarios given show the
sequence of messages that shall occur for the given scenarios. The messages given are the exact specification of
the messages between the AlU and NIU across the Al interface that may be transmitted as the MAC flow. Higher
layer flows are not addressed here. Only the messages for set-up of the connections for carrying those higher layer
flows are defined here.

The MAC flow is bi-directional supported by modems at the AlU and NIU. Messages may be sent downstream to
the NIU or upstream to the AlU. In the case of ATM transport, both the downstream and upstream frames are
divided into time slots that encapsulate exactly one ATM cell. In the case of MPEG-TS transport, the downstream
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frame is divided into time slots that encapsulate one MPEG-TS packet and the upstream frame is divided into time
slots which encapsulate one ATM cell. The modulators at the AlU transmit one or more downstream frequency
channels. However, only one downstream frequency channel may be received by the NIU at any instance. The
NIU may switch to a different downstream frequency channel, but this switch may require time on the order of
many time slots. Likewise, the NIU is only capable of transmitting on one upstream frequency channel at an
instance in time. However, the NIU may be capable of transmitting on one frequency channel for one time slot
and transmit on a different frequency channel for the following time slot.

In the case of ATM transport the MAC flow uses ATM layer encapsulation for all messages. In the case of
MPEG-TS transport, the MAC flow uses MPEG-TS packet encapsulation for all messages.

7.10.3.2 MAC Control Message Structure when Transmitting ATM Cells

The downstream MAC Control Message structure that is utilized when the downstream channel is carrying ATM
cells is shown i |n Frgure 7.10-24. With ATM transport the Access node transm|ts a Frame Start AAL5 PDU with
VPI/NCI eSS C (Cs

(OxFF/niy_id) to minimize processrng by each NIU/STB Note that the frrst cell of the Frame_. Start PIDU does not
have to gccur as the first cell of a two MUX packet sequence.

SYNC PAYLOAD

Packet n 1 byte 187 bytes ATM trangport MUX packeéts
SYNC PAYLOAD two-packet squence

Packetn+l | 1 pyte 187 bytes (two-p . )

7 ATM cells + 3 control tesper twopacket squence

\J
A CTRLO | Frame Start Cell 1 | ATM cell 2 cell 3 ATM cell 4 (part)
acketn 1 byte 53 bytes 53 bytes bytes 27 bytes
5 CTRL1 | cell 4 (cont) ATM cell 5 &TM cell 6 ATM cell 7 CTRL2
acketn+l | 4 pvte | 26 bytes 53 bytes , 53 bytes 53 bytes 1 byte

Figure 7.10-24 - Downstream MACControl Message structure (ATM structure)

The protpcol stack for ATM transport based systems is shown in Figure 7.10-25. Downstream MAC messages are
reassempled out of MPEG-TS packets and-processed in the NIU/STB. The MAC layer communicatgs through a
Layer Management function to the Transmission Convergence layer to configure such items as the fipstream
reserved| time slot allocation, etc. Fhe*MAC layer also communicates to the Physical Medium Dependent Layer to
configure the upstream and downstream modulation and FEC parameters and to apply timing, frequency, and
power cqrrections for upstreanm\transmissions.

MAC Higher Layers MPEG-TS
t s1—
z |
£
o ATM AAL5 ATM AALS
<
5]
= LMAC
o
>
(3]
- TC Layer
PMD Layer

Figure 7.10-25: Downstream MAC Protocol Reference Model, ATM Transport
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Figure 7.10-26: Upstream MAC Protocol Reference Model, ATM Transport

D.3.3 MAC Control Message Structure when Transmitting MPEG-TS Packets

e case of an MPEG-TS based system, the MAC messages are carried in@MAC PID, desi
am_type OxCO. MAC messages may span more than one MPEG packet in which case the
5t perform reassembly. Receipt of the first MAC MPEG packet MAC shall be used to synchr
tream frame. Because MAC messages will be inserted into the MREG-TS by the final MPE

stant. As a result, each MAC packet shall include a time stampthat will be inserted at the M
MPEG multiplexer and the modulator.

MAC Control Message structure that is utilized when the downstream QAM channel is car
kets is shown in the following figure.

A 184

MP
Hed

=¢] MAC Messages
\der

MP
PID
The
MA
co

ite

Me
app

Figure 7.10-27 - MAC downstream message structure (MPEG-2 TS format)

EG Header is the 4 byte MPEG-2 Transport Stream Header as defined in ISO/IEC 13818-1
designated for MAC messages:

protocol stack for MPEG-TS-based systems is shown in Figure 7.10-28 and Figure 7.10-29
C messages are reassembled out of MPEG-TS packets and processed in the NIU/STB. Thg
municates through a Layer Management function to the Transmission Convergence layer
s as the upstream resServed time slot allocation, etc. The MAC layer also communicates to

jnated by MPEG-2
NIU/STB processor
pnize the

5 multiplexer
frame will be

AC Layer between

ying MPEG-2-TS

with a specific

. Downstream

e MAC layer

p configure such
the Physical

lium Dependent Layer to configure the upstream and downstream modulation and FEC pafjameters and to

ly timing, frequency, and power corrections for upstream transmissions.

MAC Higher Layers
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Figure 7.10-28: Downstream MAC Protocol Reference Model, MPEG-TS Transport
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Figure 7.10-29: Upstream MAC Protocol Reference Model, ATM Transport

7.10.3.4 Time Slot Types

7.10.3.41 ATM Transport

The dowhstream scheme is time division multiplex and the time slot types are’divided into frame sta
random access slots. The upstream scheme is Time Division Multiple Access and the time slot type

t slots and
5 are divided

into polling response slots, contention slots, and reserved time slots. AILMAC messages shall be en
within ATM cells that shall use the UNI cell header format. The AlU shall not send more than 7 perc

capsulated
nt of the

frame, which is about 50 cells per 6msec frame for a downstream bivrate of 51 Mbit/s, encapsulating MAC PDUs
to any onje NIU in order to set a limit on the amount of processing, required by the NIU/STB. These cglls, which

contain MAC PDUSs, include those broadcast via frame starto ‘all NIUs and cells directed to a speci
poll [P] time slots sent from the NIU only contain MAC messages. The contention [C] time slots sent
NIU may|carry MAC messages or higher layer data. Reserved time slots sent from the NIU carry voi
ATM cells and OAM control message cells. Since thefandom access time slots downstream and thg
slots upgtream shall transport higher layer data ovet:an ATM virtual connection, these time slots are
[NIU].

7.10.3.4,

For an
MAC mepssages sent to a specific NI ttilize an niu_id in the header for each 48 byte message. The
messaggs are encapsulated within-the payload of the MPEG-TS MAC packet. The AlU shall not sen

MPEG-TS Transport

percent ¢f the frame which is about 14 MPEG-TS packets at a downstream bit rate of 51 Mbit/s.
7.10.3.43 Acronyms

FS: —rame Start.Time Slot or Frame Start MAC message

FS.P: [Polling Request Type with Non-zero Poll_slot_id

C: Contention’Time Slot

P: Poll Response Time Slot

NIU: ittdal Channel (Asynchronous)

¢ NIU. The
from the
ce/data,
 reserved time
referenced as

PEG-TS based system, the random access time slots carry PES information in MPEG-TS packets. The

48 byte
d more than 7

7.10.3.4.4 Downstream Time Slots

Frame Start Time Slot

In ATM-based systems, the first frame start time slot [FS] always occurs on the first time slot in the downstream

frame in order that the NIU may determine the beginning of the downstream frame and synchronize

its upstream

frame to it. This time slot always encapsulates the first cell of a single or multi-cell AAL5 SDU. The AAL5 SDU
is referenced as FS. The VPI/VCI of the FS is always OxFF/OxXFFFF to flag that the SDU is the frame start. An

AAL5 SDU with the VPI/VCI of frame start shall only occur once in a frame as the first AAL5 SDU in
For MPEG-TS based systems, the MPEG multiplexer will, in general, not guarantee that the interarri

the frame.
val period

between Frame_Start messages. As a result, a time stamp must be added to indicate the delay to the beginning of
the next upstream frame. This is the purposgpsfream_frame_delaywhich is a 32 bit unsigned field. On
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receipt of the first packet of a Frame_Start on the MAC PID, the NIU starts a timer which counts downstream
symbol clocks on the Reed-Solomon decoder output. The upstream_frame_delay represents the terminal count
value for this value. In MPEG-TS based systems, it is anticipated that the valueupstiteam_frame_delay

will be overwritten by the downstream TC layer which will be inline between the MPEG multiplexer and the
modulator and will snoop for the first MPEG-TS packet with a MAC PID. For ATM-based systems, use of the

ups

tream_frame_delayfield is optional. If unused, it will be set to a value of zero.

A non-zero poll_slot_id flags that an NIU is being polled and should respond in a polling response time slot [P].

The niu_id field in the message identifies which NIU is being polled. Often, one of the polling request messages

is a status_request message. Following the polling request messages, the AlU typically sends a feedback message
providing feedback to the NIU that is designated by the niu_id in the message. The polling requests are referred to
as FS.P. The AlIU may fill the remaining bytes of the frame start with any MAC message, but shall adhere to the
following limitations. MAC PDUs to be transmitted on downstream frame n which is designated by frame start
frame number n, shall be transmitted to the NIU no later than the first 7 percent of frame n+1. (See time slot
allocation messages.) In order to still be able to assign time slots synchronous to the downstream frame start, the

MA
fran
Sin
allo

C messages must be able to designate time slots synchronous to the frame start. Thus, the
ne start shall be an 8-liikme_num which shall be referenced by synchronous time slot alle¢s
Ce the absolute frame number is not specified in the polling request, and the polling respons
cation must be synchronous, all polling requests shall be in the frame start PDU.

first field in each
tion messages.
e time slot

Fr

QD

}

me_Start() [FS] { Bits | Bytes | Bit Number / Descrig

tion

upstream_frame_delay 32 4

upstream frame in ur

frame_num
MAC_message()

0-255

Delay,from downstream frame tg

downstream symbolg

its of

7.1

Thq
Thi
the
par
they
layd

on a virtual connection.

DoV
The
alw
divi

D.3.4.5 Random Access Time Slots

random access slots [NIU] are all the time slots indhe"downstream frame except the frame]
b is all the downstream time slots except the first ime slots in the frame. The AlU may trans
be time slots whenever it has any cells that needto be transmitted to an NIU. The cells may
of an adaptation layer SDU, e.g. AAL5. Therandom access slots are referenced by the sy
are utilized in a more true ATM sense rather than being synchronous or semi-synchronous
r constraints because these are the only:downstream time slots on which higher layer cells

vnstream Frame

following figure illustrates the downstream frame with N time slots per frame. The frame st
hys start in the first time slat. All other time slots in the frame are available for the AlU to tra
5ion multiplexed virtual cannection.

start time slots.

Mit on any of

be OAM cells or
mbol NIU because

5 due to physical
may be transmitted

hrt time slots
hsport time

Slot | AU
#
1 [FS]
2 [NIU]
3 [NIU]
N [NIU]

7.10.3.4.6 Upstream Time Slots

Poll

Time Slots

The poll time slots [P] are the time slots in the upstream frame that are allocated to only one or many NIU, but
may only be utilized for a poll response after receiving a poll request from the AlU. The poll time slots may only
encapsulate a single-cell AAL5 SDU whose payload shall only be MAC messages defined in this document. The

VPI

© ISO/IEC 1999 - All rights reserved
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Contention Time Slots
The contention time slots [C] are the time slots in the upstream frame that may be allocated to more than one NIU
and, thus, utilizing the contention time slot may cause a collision with another NIU utilizing the same contention
time slot. If a collision occurs, then the contention must be resolved via any number of well-known algorithms
implemented in the NIU, such as random retransmission delays based on the niu_id, to determine how many
frames the NIU shall wait before retransmission. The contention time slots may encapsulate a single-cell AAL5
SDU whose PDU may be MAC messages defined in this document, a single-cell AAL5 SDU consisting of higher
layer data, or a cell of a multi-cell AAL5 SDU consisting of higher layer data. The NIU shall always use VPI/VCI
OxFF/niu_id for transmission of a MAC message PDUs and the VPI/V/CI of the higher layer data on contention
time slots.

Reserved Time Slots

The reserved time slots [NIU] are the time slots in the upstream frame that are allocated to only one NIU, i.e. they
are reserved for use by one NIU. The NIU may transmit on any of these time slots whenever it has any cells that
need to be transmitted to the AIU or across the A4 interface via the AIU. The cells may be OAM cells or part of
an adaptation layer SDU, e.g. AALS. The reserved time slots are referenced by the symbol NIU becduse they are
utilized ip a more true ATM sense rather than being synchronous or semi-synchronous due to physic¢al layer
constrairts.

7.10.3.§ Message Structure and Message Types

The MAC messages all utilize the same basic structure as outlined below. Every message consists pf the fields:
niu_id, msg_length, poll_slot _id, msg_type, num_msg_items, and a list of the ms@. items. Each megsage item

table in this document describes the fields for the message items of the type désignated by one of te message
types in the message type table. The message header, i.e. the niu_id, msg.length, poll_slot_id, msd_type, and
num_msp_items is not shown in these tables. Only one instance of the fields for a single item in the [Imsg_items
field of tHe message is given in each message item table. If in the mesSage header the number of message items is
greater than one, the message will contains more than one instancetof'the message item. All message fields are
unsigned unless otherwise stated. The type of each field is sufficiently defined by the following mesdage item

tables inJthis document.

MAC_mgssage () { Bits' | Bytes | Bit Number / Description
iu_id 16 2
sg_length 16 2
oll_slot_id 8 1 Designates poll response §lot.
sg_type 8 1 Identifies the message typge
um_msg_items 8 1 # of message items being [sent
sg_items N Variable Length Field

}

Theniu_id is a unique identifier ofa specific NIU in the polling list of NIUs for a group of downstream and
corresponding group of upstream.frequency channels on which the NIU may receive and transmit, r¢spectively.
An niu_idl = OXFFFF is used-fa-indicate all NIUs, i.e. it is the “multi-cast” ID. In the case of ATM, the YC header
may direft this message to‘only one NIU or may broadcast the message. In the case of MPEG-TS the
broadcast/niu header direets this message to a specific NIU or broadcasts using niu_id=0xFFFF.
Themsg/ lengthindicates the number of bytes following the msg_length field in this message. This fig¢ld makes it
easier fof an N1Uto find the second message in the cell or AAL5 SDU. Note that the first message npay be for one
NIU, whereas the.second message may be for a different NIU.
Thepoll_slot (idyindicates which of the allocated polling response time slots shall be utilized on the upstream
frame that. Is deS|gnated by the synchronous time_ sIot delay A value of 0 |nd|cates that the NIU is hot being
, . . . . s,

Themsg_typeis one of the messages in the msg type table.

Thenum_msgs_itemds the number of items of the designated message type that are in the given instantiation of

the message.

Themsg_itemsis the list of items of the type designated by the msg_type.

The following message type table lists the types of MAC messages in the order that they shall be enumerated
(reservation_request is coded as msg_type = 0). Any message types added to this table in the future must be added
at the end of the enumeration list to assure backwards compatibility. In the message type table, the slot type
indicates the type of time slot in which the message of that type would most likely be encapsulated.
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MAC_message_type

reservation_request
reserved_slot_allocation

contention_slot_allocation
poll_slot_allocation

sign_on_request
tx_calibration

status_request
Statl IS_response

Slot Type Delivery

[C] AIU<«<NIU/STB
[FS,NIU] AIU—NIU/STB

[FS,NIU] AIU—NIU/STB

[FS,NIU] AIU—NIU/STB
[FS] AIU—NIU/STB
[FS,NIU]  AIU—NIU/STB

[FS,NIU] AIU—NIU/STB
[P] AL NIJ/STB

Description

NIU request for reserved time slots.
Allocation/deallocation of reserved time
slots.

Allocation/deallocation of contention time
slots.

Allocation/deallocation of poll time slots.

Parameters for an NIU to enter the netwd

NIU transmit freq, power, time corrections.

Request specified NIU status items.
qunpcfpd NIU status items

mIc_session_request
mac_session_connection

mIc_session_release
mac_session_msg_ack

contention_slot_feedback

new_downstream_channel

[C] AIU«NIU/STB
[FS,NIU] AIU—NIU/STB

[FS,NIU] AIU-NIU/STB

[FS,NIU, AlU«<NIU/STB
C.P]

[FS,NIU] AIU—>NIU/STB

[FS] AIU—NIU/STB

NIU request a session/control cpnnection.

AlU assigns VPI/VCI for'session
connection.
AlU or NIU releases.a session

msgs.
Command NIU to enter net on new
channel.
Contention slot stabilization feefiback.

7.10.3.6 Idle Cell

Thg NIU shall transmit on every reserved time slot. Ifsnordata is available, an idle shall be transmitted. Th

may
may

deallocate reserved time slots for an NIU that.is ot utilizing the reserved time slots for dat
be used to determine upstream transmit signal calibration corrections, upstream BER, res
utiligation, and NIU acknowledgment of reserved time slot allocation/deallocation.
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Acknowledgment of receipt of the 3 above

e AlU

a. The idle cells
brved time slot
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7.10.3.7 Upstream Time Slot Allocation

The MAC
transmitt
the differ
contentid
are neve
channels
differs frq
However
a reques
rather th
are also

reservati

1
AlU NIU
‘ reservation_re quest
[C]
.___contention_slot_feedback
Fs] -
___reserved_slot_allocation )
[NIU]
____reserved_slot_allocation )
[NIU]
reserved_slot_allocation
[NIU] |

Figure 7.10-30 - Upstream.Time Slot Allocation

L upstream time slot allocation scenario depicts how reserved, contention, and polled time S
ng upstream from the NIU are allocatedtand deallocated. The only difference in the scenar
ent type of time slots is that reserveditime slots may be requested by the NIU, and the
n_slot_feedback message would serve to acknowledge the request. The contention and pg
I requested by the NIU. The AlU‘decides which upstream frequency channels and time slot
should be allocated to eachNIU as a contention or polled time slot. The reserved time slot
m the contention and polted-time slot allocation in that the NIU may request reserved time
, the reserved times slots, like the contention and polled time slots, may be allocated by the
t from the NIU. The time slot allocation messages may be sent as an update of a previously
hn a change of allgcation. This is shown in the scenario. The three types of time slot allocat
sSimilar in structurel Each is designated by a different message type but the fields are identi

pn_request

lots for
o for each of

lled time slots
5 of those
allocation
5lots.

AlU without
sent message
on messages
al.

reservati

Bits

u
:Fwin_VB R_packet_size

pn_request () { Bytes | Bit Number / Description

m ctime_slots 8

16

1
2

}

Thenum_time_slotsindicates the number of reserved time slots requested by the NIU for user traffic. The AlU
decides how many reserved time slots to allocate to the NIU. If the NIU still needs more reserved time slots, it
will send another reserved slot request to the AlU. The NIU may send in this message the number of time slots

that it be

lieves that it needs or always set the num_time_slots field to 1.

Themin_VBR_packet_sizeis the number of cells that are buffered at the NIU awaiting upstream transmission.
Note that a cell in this case is considered to be 48-bytes.
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reserved_slot allocation

reserved_slot_allocation () { Bits | Bytes | Bit Number / Description
time_slot_allocation ()

}

The reserved_slot_allocation message changes or updates the allocation of upstream reserved time slots for an
NIU. The reserved time slots are the time slots typically used for higher layer user traffic. The NIU shall transmit
an idle message cell on every reserved time slot for which the NIU does not have any data ready to transmit. After
the NIU is initially calibrated and is allocated reserved time slots, the calibration correction parameters for the
signal transmitted upstream from the NIU may be determined from the receipt of the reserved time slots.

contention_slot allocation

contention_slot_allocation () { Bits | Bytes | Bit Number / Description
time_slot_allocation ()

}

Theg contention_slot_allocation message changes or updates the allocation of upstream’eontention time slots for an
NIY. Contention time slots may be used for user traffic. If upstream traffic is mostly bupsty dataftraffic, then
contention time slot demand for time slot requests may be high. In order to stabilize the contengion time slot
retrinsmission algorithm, the AIU must send a contention_slot feedback message’in every frame start that
indicates the usage of the allocated contention time slots.

poll slot_allocation

poll|_slot_allocation () { Bits | Bytes.®| Bit Number / Descrigtion
poll_slot_id 8 T Designates poll respgnse slot.
time_slot_allocation ()

}

Thqg poll_slot_allocation message changes or updates the-allocation of upstream polling response time slots for an
NIU. Guard time slots are not allocated in the poll time slot allocation.
Thgpoll_slot_id indicates which of the allocated polling response time slots shall be utilized on the upstream
frame that is designated by the synchronous_time, slot_delay. A value of 0 indicates that the NJU is not being
polled by this message, and this message is not enabling use of any of the polling response tinpe slots. The
synchronous_time_slot_delég/the number ofiupstream frames that the poll response shall be dglayed. See the
sign_on_request message for a description of the synchronous_time_slot_delay. For each new polling response
time slot that is allocated via a downstream channel, a poll_slot_id shall be assigned by the AlY and indicated in
the|poll_slot_id field of this message:-A poll_slot_id shall not be duplicated for slots on differenfupstream
channel which are allocated via the same downstream channel. The poll_slot_id must be unigue for all upstream
time slots associated with a given downstream channel.

tim¢_slot_allocation

tim¢_slot_allocation ().{ Bits | Bytes | Bit Number / Descrigtion
upstream_frequency 16 2 in steps of 100 kHz
frame_num 8 1
time_slotpage 8 1
num_frames 8 1
change_field 1
Reserved 7 7.1
is—change T O{update;change}
num_time_slots 8 1
for (i=0;i<num_time_slots;i++) {
time_slot_number 8 1 allocate/deallocate indication
}
}

The time_slot_allocation field is common to all time slot allocation messages. A time_slot_allocation type

message may be used to change or to update the allocation of any type of upstream time slots for an NIU. Each
time slot is referenced by frequency channel and time slot page such that a single time slot is a single element in a
2-dimensional array.

Theupstream_frequencydesignates the upstream at the NIU IF output in 100kHz steps.
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Theframe_num is an 8-bit unsigned integer that indicates the first frame in which the time slot is being allocated.
There shall be a limitation that time slot allocation messages sent on downstream frame n can only be allocating
time slots for upstream frames n+1 or later, where upstream frame n is delayed from downstream frame n.
Furthermore, the polling response time slot still may not be used until a polling request is received and the
synchronous_time_slot_delay should still be used to determine in which frame the polling response time slot may
be used by the NIU. For clarification, since the absolute frame number is not specified in the polling request, and
the polling response time slot allocation must be synchronous, all polling requests must be in the frame start PDU.
Thetime_slot_pages an 8-bit unsigned integer designating the group of 128 time slots where 0 indicates time
slots 0 through 127, 1 indicates time slots 128 through 255, etc.

Thenum_framesis an 8-bit unsigned integer indicating the number of upstream frames for which the NIU is
allocated the time slots in the subsequent time slot list. This is set to 0 to mean that the time slots are being
allocated indefinitely. The first time slot is in the frame designated during sign-on as the
synchronous_time_slot_delay.

Theis_changebit is a boolean indicating whether this message is allocating or deallocating time slots on the
stated page of the frequency channel or is only an update which lists the time slots that are currently allocated for
the NIU. [The boolean is cleared for update, set for change.

The num| time_slotsis an 8 bit unsigned integer indicating the number of time slots (from 0 to,127) thiat are in

the following list for the channel and page.

Thetime[ slot_numberis an 8-bit signed integer that correspond to a time slot on the pages The first {ime slot is
referred {o as 0, and the last time slot on the page is referred to as 127. If the time slet.number is pogitive (i.e. the
MSB is dleared), then the time slot is allocated. If the time slot number is negative (i-e-the MSB is sgt), then the
time slot|is deallocated.

Examplel Upstream Time Slot Allocation
The following figure illustrates two consecutive upstream frames with ten(time slots per frame. In thig example,
assume that the three NIUs transmit on only one upstream frequency-channel and that the channel |s the same for
all three.|A possible allocation of the three types of upstream time slots at an instant in time is shown. The polling
responsg time slot is slot number one for all three NIUs. In this case; time slots 2 and 3 are not allochted and, thus,
can be gpard time slots. That is, if NIU #1 transmits late and aCtually the polling response is received at the AlU
during time slot number 2, then the polling response does not interfere with any time slots allocated fo other

NIUs. Algo, note that NIU #4 has not entered the networkyet and, thus, has not yet been allocated gny time slots
other thgn the polling response time slot that is to be used for network entry.

Table 7-43 - Example Upstream Time Slot Allocation

slot # NIU #1 NIU#2 NIU #3 NIU #4
1 [P] [P] [P] [P]
2
3
4 [C] [C] [C]

5 [C]
6 [C] [C]
7 [NIU]
8 [NIU]

9 [NIV]
10 [NIU]
1 [P] [P] [P] [P]
2

2

4 [C] [C] [C]
5 [C]
6 [C] [C]
7 [NIU]
8 [NIU]

9 [NIV]
10 [NIU]
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7.10.3.8 Polling Handshake

AlU NIU

poll_request

[FS.P] >
[

poll_response

[P]

poll_feedback(op)

[FS]

Figure 7.10-31 - Polling Handshake

AlU NIU

status_request
[FS.P]
|

status_response

[P]

tx_calibration
[FS]

Figure 7.10-32 - Polling Handshake-Upstream Signal Calibration

The NIU shall be polled periodically to establish communication and maintain communication with the NIU. If no
other messages are flowing from the AlU to the NIU, the AlU shall poll each NIU assigned to that AlU at an
interval of less than or equal to 2 seconds. This is for proper upstream transmit signal calibration and to facilitate
network entry both before the NIU has determined which downstream frequency is polling it and while waiting

for configuration. The polling handshake is initiated by the AlU with a poll_request which shall be designated by
the poll_slot_id field in the message header set to a non-zero value. The NIU responds on the upstream polling
time slot that is referenced by the poll_slot_id in the message header and the AlU has allocated to the NIU. If the
most recent poll request from the AlU does not include a poll_slots_allocation message in the frame, the NIU
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shall assume that the time slots allocated for the polling response are the same as indicated in the previous
poll_slots_allocation messages that it received from the AlU. If more than one time slot in a frame period is
allocated for polling, the NIU shall respond on the time slot that is referenced by the poll_slot_id. If the NIU is

not aligned in time, the NIUs response may be received at the AlU during the time slots following the desired
polling response time slot. Guard time slots must not be allocated by the AlU as reserved, contention or poll time
slot for any NIU if the current NIU being polled is not time aligned. Only 1 polling time slot may need to be

allocated otherwise. The guard time slots must follow the poll time slot. Also, the NIU must attempt to respond on
the first time slot in order to do timing calculations. Polling of the NIUs that have not been calibrated, i.e. are
entering the net, should be done consecutively so that the head-end can allocate the guard time slots for contention
usage for the longest amount of time. The polling handshake may include a third message referred as
poll_feedback. The poll_response may be a status_response message. Tx_calibration is a type of message that
may be included as poll_feedback.

If the NIU/STB loses power, it may remember the assigned niu_id and resources, i.e. connections and time slots.

If the NIU remembers its niu_id, it responds to messages from the AlU using that niu_id. Otherwise, the NIU

must walit to receive a sign_on_request message. If the NIU does not remember its allocated resourtes, then it
must notlremember its niu_id, so that the lack of response to the niu_id indicates to the AlIU thatthe|resources
allocated to the NIU are no longer valid for that NIU and should be released. The AlU shall declare that the NIU

is not regponding if the AlU has not received a response to a polling request for 10 seconds. Note tHat this

assumeq that the AlU is polling the NIU a minimum of every 2 seconds as stated in this@document. If the lack of
NIU response or lack of receipt of the response at the AIU is due to a temporary loss 6f communicafon versus a
more catiastrophic loss of power, then this 10 seconds interval accommodates most-periods of comnunication

loss. If, However, a communication loss is sustained for a period longer than 10_seconds, then the AJU shall
transmit p sign_on_request message to the NIU with a different niu_id. The association of a new niu| id with the
serial number in the sign_on_request message indicates to the NIU that the\AlU has lost communication with the
NIU and] thus, that the AlU has released the allocated resources for thattNJU, and the NIU shall rel
allocated resources. The AlU shall not transmit a new niu_id for an NNJJia the sign_on_request megsage unless
the AIU ik releasing all the resources allocated for that NIU. For every. new niu_id, the NIU shall perfprm the
network entry process again. During a temporary communication loss, the NIU is not calibrated on the specified
interval. [Therefore, when communication is reestablished, the{NIU may be unsatisfactorily calibrated such that the
AIU mus} account for this.
The figurle below shows that many more downstream cells are transmitted for every upstream cell. Tjhe first
downstrgam frame start cell is indicated by the shaded time slot. To the left of the downstream framg is an
indication of which NIU is polled in the downstream-.frame start. Refer to the allocation of upstream time slots in
the Exanjple Upstream Time Slot AllocatimntheTime Slot Allocatiorsection of this document. The allodation

of time s|ots in the allocation example is assumed in this example. Note that NIU #4 has not entered|the network
yet and, thus, its upstream transmit signal has'not yet been calibrated. Thus, the polling response from NIU #4 is
received|on later time slots at the AlU tharis allocated for NIU #4's polling response time slot. Also,[note that the
polling rgsponse by the NIUs are delayed by one upstream frame after the polling request is receivef.
Furthermore, the upstream frame is\received with an offset delay due to a constant path length diffefence between
NIUs. Sq long as that difference is.@’constant, and does not vary between NIUs that may access thg same
upstreany frame or frames, then this offset has no impact other than a delay.
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Table 7-44 - Example Polling Response Frame Delay

Downstream

slot #

Upstream

[FS] Poll NIU#1

NIU #3 [C]

NIU #1 [C]

NIU #3 [NIU]

NIU #2 [NIU]

NIU #3 [NIU]

NIU #3 [NIU]

[P]

[FS] Poll NIU #2

[FS] Poll NIU #3

[FS] Poll NIU.#4

[FS] Poll NIU #1

NIU #3 [NIU]

NIU #2 [NIU]

NIU #3 [NIU]

NIU #3 [NIU]

NIU #1 [P]

NIU #3 [C]

NIU#24C]

NIU#3 [NIU]

NJU #2 [NIU]

NIU #3 [NIU]

NIU #3 [NIU]

NIU #2 [P]

NIU #1 [C]

NIU #3 [NIU]

NIU #2 [NIU]

NIU #3 [NIU]

NIU #3 [NIU]

NIU #3 [P]

NIU #1,2 [C]

NIU #3 [C]

NIU #1 [C]

NIU #3 [NIU]

NIU #2 [NIU]

NIU #3 [NIU]

NIU #3 [NIU]

[FS] Poll NIU #2

NIU #4 [P]

NIU #3 [NIU]

of~fo|a [sw|nv|RlB|o|o|N|o|o | awdk|Slo|eo(~|o]|o |[sw|nv|EiSlo|o|N|o o | Bwdk|S|ofo(N|o|d | w|n|e Blo]o|~N|o o

NIU #2 [NIU]
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status_request

status_request () { Bits Bytes Bit Number / Description

}

This is for requesting status items from the NIU via the MAC protocol for status and control of the LDMS
medium.

status_response

status_response() { Bits Bytes Bit Number / Description
niu_tx_LO_offset 8 1 in steps of 1 kHz
niu_rx_LO_offset 8 1 in steps of 1 kHz
niu_tx_time_offset 16 2 in steps of half a downstream symbol
niu_tx_power 8 1 in steps of 0.2 dB below -10 dBm
r||iu_rx_power 8 1 in steps of 0.2 dB below -30 dBm

}

Theniu_{x_LO_offsetis a signed integer with a resolution of 1 kHz where a positive value indicates the

for the transmitted signal is offset higher than the nominal LO value by this amount. This value inclugles any short
loop, as well as, MAC controlled long loop corrections.

Theniu_ix_LO_offset is a signed integer with a resolution of 1 kHz where a positivevalue indicates that the LO
for the rgceived signal is offset higher than the nominal LO value by this amount.
Theniu_{x_time_offsetis a signed integer with a resolution of a .5 downstream modulation symbol which equals
1 downsfream sample clock period where a positive value indicates that the NIU is delaying its trangmit, and a
negative|value indicates that the NIU is transmitting earlier than nominally-expected.
Theniu_{x_power is a negative integer with a resolution of 0.2 dB below=10 dBm.
Theniu_fx_power is a negative integer with a resolution of 0.2 dB helow -30 dBm.

tx_calibr@tion

tx_calibration() Bits Bytes Bit Number / Description
ieq_oﬁset_value 8 I in steps of 1 kHz
me_offset_value 16 2 in steps of half a downstream symbgl
ower_offset value 8 1 in steps of 0.2dB
}

The offs¢t values for the upstream transmit.signal from the NIU are sent in this message.
Thefreq |offset_valueis a signed integer with a resolution of 1kHz where a positive value indicates that the NIU
should irfcrease its frequency, and a negative value indicates that the NIU should decrease its transit frequency.
Thetime| offset_valueis a signed integer with a resolution of a 0.5 downstream modulation symbol which equals

1 downstream sample clock period' where a positive value indicates that the NIU should delay its trapsmit, and a
negative|value indicates that¢he NIU should transmit sooner.
Thepower_offset_values a.signhed integer with a resolution of 0.2 dB where a positive value indicates that the
NIU shodlld raise its power/and a negative value indicates that the NIU should lower it transmit powegr. In

addition fo these poweroffset values from the AIU, the NIU shall implement an automatic transmit ppwer
correctioh algorithmdased on the downstream received signal. Poll requests do not need to be sent|in order to
determing the NiUs/transmit signal offset values. This would be possible if the head-end is capable ¢f determining
timing, efc. adjustments from traffic time slots.

7.10.3. thvvud\ Elltly

The AIU polls each of the NIUs on at least one of the downstream frequency channels in a group. Before the NIU
enters the network, it may be polled on more than one downstream frequency channel from different channel
groups, and a different niu_id may be used for each group. When the NIU attempts to enter the network, it
acquires a downstream frequency channel and listens for the poll directed to it. Since the NIU has not entered the
network, in order for the NIU to recognize that the poll is directed to it, the AlU sends the NIUs partial or full

serial number along with the niu_id in the polling request message. One NIU may be polled more than once

before another NIU is polled, so long as no other requirements are being violated. Since polls are not necessarily
round robin, an NIU is not able to wait till the same niu_id comes around twice to in order to determine that it is

not being polled on that downstream channel. Each NIU’s transmit signal must be corrected on a regular basis, but
a poll request type message is not necessary in order to send a transmit calibration message to the NIU. The
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transmit calibration message must be sent at least once every 2 seconds worst case. All NIUs that have not entered
the network but are assigned to be polled on the downstream frequently will be polled on that downstream
frequency channel no less frequent than 2 seconds. If the NIU waits 2 seconds, but does not receive its serial
number, it will acquire the next downstream frequency and again listen for its serial number. This process repeats
until the NIU finds a downstream frequency channel on which it is being polled. Once the NIU finds its poll and,
then, responds to the poll, the NIU is only polled by this one downstream frequency channel.

Guard time slots may need to follow the NIU poll response time slot until the NIU transmit signal is sufficiently
time aligned, so that the poll response time slot sent by the NIU does not interfere with adjacent upstream time
slots during the initial polling handshakes. Once the NIU is calibrated, contention and reserved time slots may be
allocated, and MAC control sessions may be assigned and utilized. The AlIU shall continue to poll the NIU to
maintain upstream transmit signal calibration, even though there may be a temporary lack of user activity.

Al

AlU NIU

poll_slot_allocation
[FS]
sign_on_re quest
[FS.P]
[ |

status_res ponse
[P]
1
tx_calibration
[FS]

status_re quest )
[FS.P]
status_res\ponse

[P
]

tx{calibration
[FS]

47

—>

‘7

—»

status_re quest

[FS.P]
status_res ponse
[P]|

tx_calibration
[FS]

mac_session_connection
[FS]

—»

mac_session_ms g_ack

[P]

Figure 7.10-33 - Network Entry
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sigh_on_request

sign_on_request() { Bits Bytes Bit Number / Description
serial_no
num_serial_no_bytes 8 1 Indicates N with N< 20 bytes
serial_no_hytes N MS-byte first
upstream_signal_config
symbol_rate ratio 8 1
bits_per_symbol 8 1 =2 for QPSK, 4 for 16QAM
upstream_frame_delay 32 4 Units of downstream Reed
Solomon symbols
synchronous_time_slot_delay 8 1
num_pwr_retries 8 1

Thesignfon_requeshas two parts, the serial_no, which indicates to the NIU that it is assigned to the
downstrgam frequency channel that is transmitting this message, and the upstream_signal_config, y
by the N|U to configure it upstream transmitted signal.

Thenum| serial_no_bytess an 8-bit unsigned integer indicating the number of bytes in the $erial_no,
significamt bytes of the serial number, that are in this message. The maximum number of bytes is 20

hich is used

or least-

Theserigl_no_byteds a variable length field representing the serial_no, MS-byte first¢
Thesymbpol_rate_ratio is an 8-bit unsigned integer indicating the ratio of downstreanimodulation sy

bols to

upstrean) modulation symbols. Note that this is always an integer. This ratio is,used by the NIU to s¢t the

upstreanp data rate.

Thebits_|per_symbolis an 8-bit unsigned integer used to specify the modulation parameters of the ngw channel

MAC PDUs that may be received in one frame.
Thesynchronous_time_slot_delays an 8-bit unsigned integer indicating which upstream frame in whi
NIU shodild start utilizing a synchronously allocated time slot such as a polling response time slot. (S

allocation messages.) The start of the next upsiream frame after the time slot message is received i
1

y shall be

transmitted on
NIU no later
maximum

Ch the
ee time slot
5 frame number

Thenum| pwr_retries is an 8-bit unsignedinteger indicating the number of times that the NIU shall aftempt to

enter theg network at the same power level before increasing the transmit power by 3 dB.
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7.10.3.10 MAC Session Connections

1
AlU NIU

mac_session_re quest
[C]
contention_slot_feedback
— = = —>
[FS]

47

mac_session_ms g_ack
= — > 9T
[NIU]
L
|
mac_session_connection
— — —>
[NIU]

status_re quest )
[FS.P]

status_res ponse
<4—mac_session_ms g_ack——
[P]

mac_session_release

‘ [NIU]
mac_session_ms g_ack )
[NIU]

Figure 7.10-34 - MAC:Session Connections

MA[L session connections are ATM connections.between the NIU and AlU that transport communication between
two| control entities. The control entities may.or-may not reside in the NIU and AlU. It may be ngcessary that the
connection assigned by this mac_session-connection message be switched to other virtual coInections one or

mofe times to reach the control entity.

In grder to establish a session connection, it is not necessary that the NIU request a connectiofi. The AlU may
simply establish the connection by sending a mac_session_connection message to the NIU. In[the case of ATM
trarlsport, the first MAC session.connection is known by default as VPI = OxFF, VCI = niu_id. This session is the
MAL connection for transporting MAC messages in the downstream random access time slotsjand in the
upstream reserved time slots. In the case of MPEG-TS transport, the MAC session is known by default as MAC
Header Ox1FFF and the'broadcast/niu header corresponding to the niu_id.
Dug to the shared wireless physical media, assigning a different MAC session connection for each NIU alleviates
the|need for every.NIU to process every MAC session connection cell to identify which cell payloads contain its
niu|id.
All $ession ¢onection messages require an acknowledgment via the mac_session_msg_ack message. A
ma¢_session_msg_ack message sent by an AlU to an NIU, or by an NIU to an AlU, must be completely received
by the NIU, or AlU, within 2 seconds from the time that the MAC session message is sent by the NIU, or AlU.

Any MAC session message sent by the NIU or AlU that does not receive acknowledgment within the specified
time shall immediately be resent. As long as the acknowledgment IS not received, the MACT session message shall
be resent a minimum of 5 times. If the message becomes invalid during this process, the NIU and AlU shall
complete this process with the original message before changing the MAC session message sent.
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mac_session_request

mac_session_request() { Bits | Bytes | Bit Number / Description
niu_session_id 32 4
session_type 8 1 {enum}
direction_type 1
Reserved 6 7.2
downstream_direction 1 1:{no, yes}
upstream_direction 1 0:{no, yes}
}

A mac_sessiomrequest message is to set-up a connection to an entity that can provide the control flow for that
type of session. If a signaling connection for a type of session has been connected, then subsequent signaling
messages and connection data do not require a mac_sesgimst message and handshake.

Theniu_session _ids a unigue number for that session for the one NIU designated by the niu_id in the message
header.
Thesessjon_types an enumerated type and indicates to the AlU to which entity at the head-end that|the session
control cpnnection should be made. The session connection can be uni-directional to supportuni-directional
connectipns or bi-directional to support bi-directional connections.

enum Session_Type { MAC_CONTROL
Reserved 1..255 };

To requgst a bi-directional connection, set bothdthenstreamandupstream bits Otherwise, set either the
upstrean or downstream bit to indicate the direction of the requested uni-directional connection.

mac_segsion_connection

mac_segsion_connection() { Bits | Bytes | Bit Number / Description
niu_|session_id 32 4
sessgion_type 8 1 {enum}
Downstream
PI 8 1 VPI/VCI = 0/0 indicates
Cl 16 2 no assignment is made
Upstream
PI 8 1 VPI/VCI = 0/0 indicates
Cl 16 2 no assignment is made
}

The mad_sessiorgonnection specifies the'VC, i.e. VPI/VCI, or the broadcast/niu header that the NIU must use

for the rgquested session connection.*The session connection can be uni-directional to support uni-girectional
connectipns. The downstream VPI"and downstream VCI are the VPI/VCI for use in the downstream direction.

The upstream VPI and upstream VCI are the VPI/VCI for use in the upstream direction. For a bi-directional
connectipn the upstream atd)downstream VPI/VCI may be the same but are not required to be. In the case of uni-
directionpl connections, the reverse direction is null as indicated by VPI/VCI = 0/0 in that direction. In the case of
MPEG-T]S, the downstream VCI field shall be interpreted as the niu_id. A different control connection for

signaling may be assigned for each port of the STU for support of simultaneous signaling control floyvs from the
same ST|U.
Thesessjon_types an enumerated type and indicates to the AlU to which entity the session control gonnection
should bg made.

enum Session_Type { MAC_CONTROL
Reserved 1..255 }

mac_session_release

mac_session_release() { Bits | Bytes | Bit Number / Description
niu_session_id 32 4
}

The MAC session connection is disconnected after it is no longer needed by the STU or can no longer be
supported by the AlU. A mac_session_release originates from either the AlIU or the NIU.
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mac_session _msg_ack

mac_session_msg_ack () { Bits | Bytes | Bit Number / Description
niu_session_id 32 4

}

To ensure that session is provided within a reasonable or necessary time, as determined by the type of session, the
mac_sessiormsg_ack is sent in response to each of the MAC session messages.

7.10.3.11 Sector Load Balance

AlU All NIU

___new_downstream_channel >
[NIU]
1

reserved_slot_allocation
| _Slot_ >
[NIU]

__new_downstream_channel
INIU] <)
]

reserved_slot_allocation
— = —»
[NIU]

__new_downstream_channel »
[NIU]

reserved_slot_allocation
[NIU] 'I
]

Figure 7.10-35 - Sector Load Balance

new downstream_channel

new downstream, channel() { Bits Bytes Bit Number / Description
downstream_frequency 32 4 in steps of 1 MHz
channél_symbol_rate 32 4 in steps of 8 kbaud
bits.per_symbol 8 1 16QAM =4, 64QAM = g, 256QAM
=8
roll_off factor 8 1 {enum}
treftis_Toding_emabte 8 T U = disabled, nonzero = enabled

}

This message may be used to tell the NIU to reacquire on a downstream channel other than the one it has currently
acquired. The NIU initially acquires the lowest QPSK channel, listens for its poll, goes to the next QPSK channel
that it can acquire, and listens there for its poll, etc. until its poll is found. The AIU may then use this message to
move the NIU to a downstream channel with different modulation and FEC parameters to take advantage of the
enhanced capabilities or advantaged propagation environment of the NIU.

Thedownstream_frequencyis a 32-bit unsigned integer indicating the new frequency at the NIU input, in 1

MHz steps at IF frequency.

Thechannel_symbol_rateis a 32-bit unsigned integer indicating the channel symbol rate in 8 kbaud steps.
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Thebits_per_symbolis an 8-bit unsigned integer used to specify the modulation parameters of the new channel
to enable the NIU to use higher order modulation. Valid values are 4 for 16QAM, 6 for 64QAM and 8 for

256QAM

enum roll-off_factor

Theroll-off_factor field specifies the roll-off factor (0.2 or 0.35) in an enumerated type.
{ roll_off_0.2
roll_off 0.35

Reserved 2..255  };

Thetrellis_coding_enablefield specifies whether the new frequency channel will employ trellis coding.

7.10.3.12 Contention Slot Feedback

contention_slot feedback

contentigm—stot—feedtack($ BitS BYtes | Bit NUmMber 7 DeSCrption
upstream_frequency 16 2 in steps of 100 kHz
retransmission_probability 8 1
num)_time_slots 16 2
for (I=0; i<num_time_slot;i++) { Fill bytes starting with M$Bs

¢ontention_slot_status 2 {enum}

}

}

The contention_slot_feedback message is used by the AlU to send feedbacko the NIU for contenti

reuse alg
contentid

upstrean) frame. For each upstream frequency, the message contairis the probability of retransmiss

contains
time slot
a conten
Theupst
steps.
Theretra
transmits
Thenum
for the u
Thecont
contentid
are giver
indicate
Idi
R

Cq

Ur

orithm stabilization. For the time slots in the upstream channels(for a given downstream ch
n_slot_feedback message shall be sent on every frame start.to_give status of the last comp

specific receipt feedback information for each time slotsstarting from the lowest numbered t
number 0 or the first time slot, in the upstream frameco,the last time slot in the frame that ig
lion time slot.
eam_frequencyis a 16-bit unsigned integer indicating the upstream at the NIU IF output in ]

hsmission_probability is an 8-bit fractional representation of the probability of collision if the
on a contention time slot in the next frame-on that upstream channel.

| time_slotsis a 16-bit unsigned integerindicating the number of time slots that are in the fol

hstream frequency.

bntion_slot_statudist begins with the MS 2-bits of the byte following the num_time_slots field
n_slot_status fields are packed. into this and each additional byte. If status for more than fo
for one upstream frequency;-then the fifth status is in the MS 2-bits of the next byte, etc. T

pither idle, receipt, collision,) or unused.

3 indicates that no NIU transmitted on the contention time slot.

ceipt indicates-that only one NIU transmitted on the contention time slot, and, thus, thg
have been successfully received at the AlU.

indicates that two or more NIU transmitted on the contention time slot, and, thus,

collision occurred, none of the transmissions on the time slot have been success
received at the AlU.

indicates that this time slot is not allocated as a contention time slot.

llision

used

bn time slot

Annel, the

letely received

on, and it

me slot, i.e.
allocated as

| 00kHz

NIU

owing list

. Four

Ur time slots
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DRtention_slot_status Idle,

{
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172

DAVIC 1.3.1a Part 8 (1999)

© ISO/IEC 1999 - All rights reserved


https://iecnorm.com/api/?name=55e5e61ab3a60dc00d2a9d3a898d18b6

ISO/IEC 16500-4:1999(E)

7.11 Passband PHY on LMDS

This Physical Layer Interface supports unidirectional and bi-directional transmission over radio frequency (above
10 GHz). It is referred to as LMDS (Local Multipoint Distribution Services).

This Physical Layer Interface supports bi-directional transmission over millimeter radio wave. This Interface is
point-to-multipoint: TDM from Access node to STB and TDMA from STB to Access Node. This Physical Layer
Interface specifies the complete physical layer structure for the bi-directional carriage of S1, S2, S3, S4, and S5
information. The unidirectional LMDS (also called MVDS - Multipoint Video Distribution Systems) can be
provided by using only the Section 7.11.1.

The spectrum allocations for downstream and upstream transmissions depend on the LMDS region. The Physical
Interface applies to the intermediate frequency (IF) interface between the Radio Frequency Unit (RFU) and the
UPI/STB as measured at the UPI/STB connector .Figure 7.11-1 shows the downstream and upstream spectrum
allocation.

Downstream

A QPSK/QAM modulated channels
| |
|

400 700 IF [MHiz]

950 2050

| |
\'Z DQPSK modulated channels

Upstream

Figure 7.11-1 - Conceptual lllustration of LMDS Spectrum Channelization

Tw¢ frame structures are provided for dowhstream data transmission, one for MPEG-2 Transpprt Streams and the
oth¢r for ATM-cell-transfer.

7.11.1 Downstream LMDS

7.11.1.1 Encoding Degtoding Process

Theg processes in the fallowing subclauses shall be applied as shown in Figure 7.11-2.
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Figure 7.11-2 - Conceptual block diagram of elements at the LMDS head-end and receiving site.
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7.11.1.1.1.1 Baseband interfacing and sync

This unit shall adapt the data structure to the format of the signal source. The framing structure shall be in
accordance with MPEG-2 Transport Stream (including sync bytes).

7.11.1.1.1.2 Sync 1 inversion and randomization

This unit shall invert the Sync 1 byte according to the MPEG-2 framing structure, and randomizes the data stream
for spectrum shaping purposes.

7.11.1.1.1.3 Reed-Solomon (RS) coder

This unit shall apply a shortened Reed-Solomon (RS) code to each randomized transport packet to generate an
error-protected packet. This code shall also be applied to the Sync byte itself.

7. 14— Convolutiomatinterteaver
This unit shall perform a convolutional interleaving of the error-protected packets with I=12/M=17. The
perlodicity of the sync bytes shall remain unchanged.
7.11.1.1.1.5 Convolutional coder

This unit shall perform the convolutional code with rates 1/2, 2/3, 3/4, 5/6 and /8 obtained by pguncturing the
code with rate 1/2. Convolutional encoding shall be applied to QPSK only.
7.11.1.1.1.6 Baseband shaping

This unit performs mapping from differentially encoded m-tuples te-Ihand Q signals and a squane-root raised
cosjne filtering of the | and Q signals prior to QPSK modulation.
7.11.1.1.1.7 Modulation and Physical Interface

This unit performs QPSK modulation (Grade A) or 16-QAM (Grade B). It is followed by interfacing the
QPBK/16-QAM modulated signal to the IntermediateFrequency (IF) channel.
7.11.1.1.1.8 LMDS receiver

A System receiver shall perform the inverse:signal processing, as described for the modulation| process above, in
order to recover the baseband signal.

7.101.1.2 MPEG-2 Transport Stream

Thq MPEG-2 Transport Streamyis’defined in [ISO/IEC 13818-1]. The Transport Stream for MPEG-2 data is
comprised of packets having\188 bytes, with one byte for synchronization purposes, three byteg of header
containing service identification, scrambling and control information, followed by 184 bytes of MPEG-2 or

auxiliary data.

7.11.1.3 Asynchrenous Transfer Mode Stream

Thg Asynchrofious Transfer Mode stream is defined in [ITU-T 1.361]. An ATM stream is compriged of packets
having 53.bytes, with a five byte header including connection identification and header error coptrol, followed by
48 bytes of'ATM payload.

7.11T1TZ4 Framing Stracture when carrying MPEG-2-TS

The framing organization shall be based on the MPEG-2-TS packet structure. The system framing structure shall
be as shown in Figure 7.11-3.
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Sync

187 byt
1 byte vies

(a) MPEG2-Transport Stream MUX Packet

PRBS period = 1503 bytes

< >

//// ‘ //// ////
Syncl R Sync2 R Sync8 R Syncl R
), 187 bytes 187 bytes ), 187 bytes 187 bytes ),
r7/ r7/ r7/

(b) Randomized transport packets: Sync bytes and Randomized Sequence R

‘ 204 bytes )
Sync 1
or 187 bytes RS(204,188)
Syncn

(c) Reed-Solomon RS(204,188, t=8) error protected packet

// //
7 Sync 1 Sync 1 7
or 203 bytes or 203bytes
s/ | Syncn Syncn 7/
r7/ r7/

(d) Interleaved Frames with) Interleaving Depth I=12

Sync 1 = non-randomized, complemented sync byte
Sync n = non-randomized, sync byfé;h = 2...8

Figure 7.11-3 -Framing structure when carrying MPEG-2-TS.

7.11.1.5 Framing structure when garrying ATM

7.11.1.50 Mapping of ATM cells

A framing structure is required'to transport ATM over a LMDS network. This structure provides synchronization
for interl¢aving and FEC'block alignment appropriate to the coax environment. This function is simildr to that
provided|by SDH and:SONET frames for similar functions related to their respective environments.
This struture supperts the carriage of the ATM services needed for DAVIC 1.3.1a functionality. The
applicabllity of this-structure to other ATM services would need to be determined on a case by case pasis.
188-bytel ATM transport MUX packets shall be used for the carriage of ATM over a LMDS network. This packet
structure| provides synchronlzatlon and payload The format of the packet structure is shown in Figule 7.11-4. The
steps (b), = all-a 3 3

Note that although the frammg structure when carrying ATM cells uses the same Iength packets as for the case of
when carrying MPEG-2-TS, it is not the intent that these packets can be passed directly into an MPEG-2-TS
demux. This physical transport frame should not be assumed to be an MPEG-2-TS frame.
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The

A tr]

bytés are defined for this functionality labeled CTRLO, CTRL1, and CTRL2. The alignment of th

syn
rec

Defjnition of E, P and S bit setting:

ATI
dep
ma|
ATI

SYNC PAYLOAD
Packet n 1 byte 187 bytes ATM transport MUX packets

SYNC PAYLOAD (two-packet sequence)
Packetn+l 1 pyte 187 bytes

7 ATM cells + 3 control bytes per two-packet sequence

CTRLO ATM cell 1 ATM cell 2 ATM cell 3 ATM cell 4 (part)
Packetn 1 byte 53 bytes 53 bytes 53 bytes 27 bytes

CTRL1 | cell 4 (cont) ATM cell 5 ATM cell 6 ATM cell 7 CTRL2
Packet n+1 P PPN ol Caes oty PR

L UyLlT U UyLlCOo JO UYyLTO JOI UYyLTO JOI UYyLTO B A

Figure 7.11-4 - Framing structure when carrying ATM.

fields in the ATM transport MUX packets (Figure 7.11-4) are defined as:
SYNC The sync byte is a fixed 8 bit field with value 0100011 1b used for frar
synchronization.
PAYLOAD This field carries 187 bytes of payload and is described in detail beloy

pnsmission convergence sublayer is used to map the ATM cells into,theypayload provided |

chronized to a two packet sequence as shown below. This provides rapid cell delineation a
pvery after errors..

CTRLO This byte indicates that a packet is the first of the two packet sequen
E1PSSSSSh where E, P, and S bits-are defined below. This also ind
byte of an ATM cell immediately-follows.

CTRL1 This byte indicates that a packet’is the second of a two packet sequg
EOPSSSSSb where E, P, and S bits are defined below.

CTRL2 This byte is reserved. It will be defined for carriage of operation, adm

maintenance information (OAM).

E (error) The transport error indicator is a 1 bit flag. When set to “1”, it indicatg
uncorrectable bit‘error exists in the associated packet. This bit may b
entities in the transport layer. When set to “1”, this bit shall not be res
the bit value(s) in error have been corrected.

P (priority) The transport priority is a 1 bit indicator. When set to “1”, it indicates

associated packet is a greater priority than the packets with the trans
HOH'

This fixed 5 bit field with value 11111b. Any packet without this valu
discarded. This could indicate that the associated packet is used for {

SSSSS (stuffing)
anywhere in the stream.
/I TranspertMUX packets and MPEG-2 Transport MUX packets shall have a common phys|

pping, QAM modulation and baseband filter characteristics shall apply in an identical way to|
I\ Tfansport MUX packets and MPEG-2 Transport MUX packets.

ne

V.
y the frame. Three
e ATM cells is

nd cell delineation

ce. Its value is
cates that the first

nce. Its value is
nistration, and
s that at least 1
b set to “1” by
bt to “0” unless

hat the
Dort priority set to

e should be
tuffing purposes

and does not contain valid payload. One or more of these packets may be placed

cal media

endentsublayer. This means that usage of the High Reliability Marker, channel coding, bytg-to-symbol

the transport of

7.11.1.5.2 Cell specific functionalities

7.11.1.5.2.1 HEC Generation/Verification

The entire header (including the HEC byte) shall be protected by the Header Error Control (HEC) sequence. The
HEC code shall be contained in the last byte of the ATM header.
The HEC sequence shall be capable of:

e single bit error correction
o multiple-bit error detection

Error detection in the ATM header shall be implemented as defined in [ITU-T 1.432].
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The HEC byte shall be generated as described in [ITU-T 1.432], including the recommended modulo-2 addition
(XOR) of the pattern 01010101b to the HEC bits.

The generator polynomial coefficient set used and the HEC sequence generation procedure shall be in accordance
with [ITU-T 1.432].

7.11.1.5.2.2 Cell Randomization and Derandomization

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, ATM cell
(de)randomization is not needed to improve the efficiency of the ATM cell delineation algorithm.
Therefore, ATM cell randomization shall not be applied.

7.11.1.5.2.3 Cell Delineation

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, the implementation of an
ATM cell based delineation is not needed in the STB.

7.11.1.4 High Reliability Marker (HRM)

The High Reliability Marker (HRM) is system transparent tool that provides improved packet-synchrdgnization
robustness. It is a transparent tool because the inclusion or exclusion of the HRM does not“affect interoperability
of DAVICQ system components. This transparency is accomplished by the format of the HHIRM as a figld carried in
the normjal payload area of a standard MPEG-2 Transport Stream (MPEG-2-TS) null‘packet. The PIP of the HRM
is assignied a value of 0x1FFF, which is the PID value that is assigned for null packets. The HRM p&cket is
inserted |nto the MPEG-2 Transport Stream prior to the framing operations of randomization and intgrleaving.
The inclysion or exclusion of the HRM tool by DAVIC systems components (such as STBs, Delivery components,
Servers, letc.) shall not affect the compliance of such components to the DAVIC specifications.
The High Reliability Marker (HRM) consists of a 184 byte Linear Feedback (LFSR) generated patterp. The HRM
packet (Where HRM packet is defined as an MPEG-2-TS packet which ‘contains the PID value Ox1FFF and the
HRM field in the packet payload) is sent in constant intervals of 204-packets. The LFSR generated fatterns is
defined lyy the polynomial:

X+ + x4 x+1

with an ipitial seed value of 10000000.
The HRM packet is illustrated in Figure 7.11-5.

TS Padkket Heade Pavioad
- 4 Octets L\ 184 Octets .
Sync PID HRM
I<_ N 7
R 3 13 8

Figure 7.11-5 - HRM Packet (Octet = byte)

An important feature of the HRM tool is the fact the HRM packet is transparent in DAVIC components which do
not utilize the HRM tool, and this transparency allows for full interoperability between DAVIC components
which utilize the HRM tools and DAVIC components which do not utilize the HRM tool.

This transparency/interoperability issue is described as follows:

(1) A DAVIC compliant multiplexer which utilizes the HRM tool as part of its multiplex structure will produce an
MPEG-2 Transport Stream in which every 204th TS packet is an HRM packet. DAVIC compliant demultiplexers
that do not utilize the HRM tool will discard the MPEG-2-TS packet which contains the HRM because the null
PID value will not be part of any defined program. DAVIC compliant demultiplexers that utilize the HRM tool

will accept the MPEG-2-TS packet that contains the HRM, via recognition of the HRM in a designated MPEG-
2-TS null packet, and will utilize this information in its packet synchronization algorithm.
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(2) A DAVIC compliant multiplexer which do not utilize the HRM tool will generate a MPEG-2 Transport

Stream that does not include the HRM packet. DAVIC compliant demultiplexers that do not utilize the HRM tool
are unaffected. DAVIC compliant demultiplexers that do utilize the HRM tool will operate without the HRM,
although without the additional synchronization robustness that would exist if the HRM was present.

7.11.1.7 Channel coding

To achieve the appropriate level of error protection required for LMDS transmission of digital data, a
concatenated code based on a convolutional code and a shortened Reed-Solomon (RS) code shall be used.
Protection against burst errors shall be achieved by the use of byte interleaving.

7.11.1.7.1 Randomization for spectrum shaping

The System input stream shall be organized in fixed length packets (see Figure 7.11-2) following the MPEG-2-TS
multiplexer. The total packet length of the MPEG-2-TS packet is 188 bytes. This includes 1 sync-word byte (i.e.
47hex). The processing order at the transmitting side shall always start from the MSB (i.e. 0)-¢f the sync word-
byt¢ (i.e. 01000111).
In drder to ensure adequate binary transitions for clock recovery, the data at the output ef the NIPEG-2-TS
multiplexer shall be randomized in accordance with the configuration depicted in Figure 7.11-6
Thg polynomial for the Pseudo Random Binary Sequence (PRBS) generator shall bg"

1+ X14+ Xl5

Lodding of the sequence "100101010000000" into the PRBS registers, as indicated in Figure 7}11-6, shall be
initiated at the start of every eight transport packets. To provide an initialization signal for the dgrandomizer, the
MPEG-2 sync byte of the first transport packet in a group of eight packets shall be bitwise invefted from 47hex to
B8hex.

initialization sequence
1 0101060000000
4(5|16|7(819]10(11)12|13(14|15

=

—»

0000001L:.. €

EX-O
B
>

D
|—) Randomized/clear

data output

Enable Clear/randomized
data input
Data input (MSB first)1 0 1]1 1000 X X X [X X X X X ... |
PRBS sequence: | oo0000011...]

Figure 7.11-6 - Randomizer/derandomizer schematic diagram.

The first bit at the output of the PRBS generator shall be applied to the first bit of the first byte following the
inverted MPEG-2 sync byte (i.e.B8hex). To aid other synchronization functions, during the MPEG-2 sync bytes
of the subsequent 7 transport packets, the PRBS generation continues, but its output shall be disabled, leaving
these bytes unrandomized. The period of the PRBS sequence shall therefore be 1503 bytes.

The randomization process shall be active also when the modulator input bit-stream is non-existent, or when it is
non-compliant with the MPEG-2 Transport Stream format (i.e. 1 sync byte + 187 packet bytes). This is to avoid
the emission of an unmodulated carrier from the modulator.
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7.11.1.7.2 Reed-Solomon coding

Following the energy dispersal randomization process, systematic shortened Reed-Solomon encoding shall be
performed on each randomized MPEG-2-TS packet, with T = 8. This means that 8 erroneous bytes per packet can
be corrected. This process adds 16 parity bytes to the MPEG-2-TS packet to give a code word (204,188). RS
coding shall also be applied to the packet sync byte, either non-inverted (i.e. 47hex) or inverted (i.e. B8hex).

The Reed-Solomon code shall have the following generator polynomials:

Code Generator Polynomial:  g(x) = (x+u9)(x+ul)(x+u?) ... (x+ul%), wherep= 02hex

Field Generator Polynomial: p(x) =X+ x4+ x3+ x2+ 1

The shortened Reed-Solomon code shall be implemented by appending 51 bytes, all set to zero, before the
information bytes at the input of a (255,239) encoder; after the coding procedure these bytes are discarded.

7.11.1.7.3 Convolutional interleaving

Following_the i i i ing , i [ ted packets
(see Fig ved
The conyolutional interleaving process shall be based on the Forney approach, which is compatiblé with the

Ramsey type Ill approach, with 1=12. The Interleaved frame shall be composed of overlapping. efror protected
packets and shall be delimited by MPEG-2 sync bytes (preserving the periodicity of 204 bytes).
The inte:E‘eaver is composed of | branches, cyclically connected to the input byte-stream by the inpuf switch. Each

branch shall be a First In First Out (FIFO) shift register, with depth (M) cells (where M=-N/I, N = 204{ = error
protected frame length, | = interleaving depth, j = branch index). The cells of the FIEQ shall contain 1 byte, and
the input{and output switches shall be synchronized.
For synchronization purposes, the sync bytes and the inverted sync bytes shall\be always routed intp the branch
"0" of thqg interleaver (corresponding to a null delay).
The deinerleaver is similar, in principle, to the interleaver, but the brangh.indexes are reversed (i.e. | =0
corresponds to the largest delay). The deinterleaver synchronization is\achieved by routing the first recognized
sync byte into the "0" branch.

Convolutional Interleaver Convolutional Deinterleaver

) Sync word route

index /)

.O Sync word route 0. 0 MIMTm //// M 0

77
| X -

2 2 /‘ -4 -4 ’\

IVIM—"\ChanneI MMM} o
A % %L SETVI Y] \__

1 byte pger I-2 ||V| -2
position - 7/* n ®
-1 -1 -1 -1
MIm[M]? [m o °
77
delay = index*M, index=0..1-1 delay = (I-1-index)*M, index=0..1-1

M-stage FIFO shift register 1=12

kigure 7.11-7 - Conceptual diagram of the convolutional interleaver and de-interleaver.

7.11.1.7.4 Convolutional coder

Convolutional coding is applied only when using QPSK modulation.

The system shall allow for a range of punctured convolutional codes, based on a rate 1/2 convolutional code with
constraint length K=7. This will allow selection of the most appropriate level of error correction for a given

service or data rate. The system shall allow convolutional coding with code rates of 1/2, 2/3, 3/4, 5/6 and 7/8.
Rates 2/3, 3/4, 5/6 and 7/8 are achieved by transmitting only a subset of the rate 1/2 convolutional encoder output
bits. The LMDS receiver can detect which convolutional encoding rate is used by trying and checking frame lock
acquisition.

The punctured convolutional code shall be used as given in Table 7-45.
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An implementation example of the rate 1/2 convolutional encoder is shown in Figure 7.11-8. Bytes output from

the

convolutional interleaver shall be input to the convolutional encoder MSB first.

Table 7-45 - Punctured code definition

Original code Code rates
Y 2/3 3/4 5/6 718
K Gl GZ P d‘ree P C*ree P dree P c*ree P d‘ree
X) | (¥)
X=1 X=10 X=101 X=10101 X=1000101
7 17%c | 133t Y=1 10 Y=11 6 Y=110 5 Y=11010| 4 Y=1111010| 3
|=X1 |:X1Y2Y3 |:X1Y2 |=X1Y2Y4 |=X1Y2Y4Y6
Q=Y, Q=Y1X5Y4 Q=Y:X3 Q=Y X3Xs Q=Y1Y3XsX7
Notel: 1 = transmitted bit Note2: X,Y,l and Q bit sequences are shown with
0 = non transmitted bit inrmacing_ﬂmﬂom_lgﬁ_m_dghj_
H——
A X
S T AR OVT
V\ ) 4 V\ ) 4 Y
® D— D H—
Figure 7.11-8 - Convolutional Encoder with rate 1/2.
7.101.1.8 QPSK Constellation Mapping
Theg byte-to-symbol mapping when using QPSK modulation is included in the convolutional code definition given
in Tlable 7-45.
Thqg system shall employ conventional Grays¢oded QPSK modulation with absolute mapping (rjo differential
endoding). For QPSK modulation, bit mapping in the signal space as given in the constellation diagram in Figure

7.1
eng

| -9 shall be used. The constellation points represent the (IQ) bit couples as output from the
oder.

0 )

10 00

11 01

convolutional

Figure 7.11-9 - QPSK Constellation diagram

7.11.1.9 16-QAM Constellation Mapping

When 16QAM modulation is used, convolutional encoding shall not be applied. Bytes output from the
convolutional interleaver shall be mapped to symbols as given in Figure 7.11-10.
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Byte V I Byte V+1 | Byte V+2

From interleaver | b7 b6 b5 b4 b3 b2 bl by b7 b6 b5 b{l b3 b2 bl b{ b7 b6 b5 b4 b3 b2 bl b
output (bytes) ‘

Y
To Gre/-coded |3 b2 b1 b(b3 b2 bl b b3 b2 bl b b3 b2 bl bdb3 b2 bl b b3 b2 bl by
mgpping
(4-bit ymbols) ‘ ‘ ‘

Symbol . Z 0 Z+1 . Z+2  Z+3  Z+4 . 745

NOTE 1: b0 shall be understood as being the Least Significant Bit (LSB) of each byte or m-tuple.

NOTE 2: In this conversion, each byte results in 2 symbols, labeled Z. Z+1. ... etc. with Z being transmitted
before Z+1.

Figure 7.11-10 - Byte to symbol conversion for 16QAM.

The system shall employ conventional Gray-coded 16QAM modulation with absolute mapping (no djfferential
encoding). For 16QAM modulation, bit mapping in the signal space as given in the comstellation diagram in
Figure 7J11-11 shall be used. The constellation points represent the (b3b2b1b0) symbols as output from the byte-
to-symbg@l mapping.

1011 1010 0010 0of1

® [ ] T ® L J

1001 1000 0000 0001

® [ ] T ® ®
| | | | | | !
I I I I I I

1101 1100 0100 0101

® ® T ® ®

1111 1110 0110 0111

® [ ] T ® ®

Figure 7.11-11 - 16 QAM Constellation diagram

7.11.1.70 /.QPSK and 16-QAM Modulation

The Table7=46—showsthegeneratspecificationsforthePhysicatHnterface betweenthe RadioFrequency Unit

(RFU) and the UPI/STB at the physical connector of the UPI/STB.
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Table 7-46 - Spec

ISO/IEC 16500-4:1999(E)

ifications for the Physical Interface

Modulation

Grade Modulations
A QPSK
B QPSK and 16-QAM

A modulator (transmitter) shall support at least one of the
modulations. A demodulator (receiver) shall support A or B grafle
of modulations.

Channel Spacing

> 20 MHz, 1 MHz steps

Channel Bandwidth

20 - 40 MHz

Receive IF Uncertainty

+5 MHz

Frequency Range

950 - 2050 MHz.

The receiver shall operate over the entire specified frequency range.

Symbol Rate

14.81 - 33.33 Mbaud in 8 kbaud units

Trapsmitted Spectrum

Square root raised cosine approximation.
Roll-off factor: a. = 0.20 or 0.35.

Note: A transmitter shall support at least one-of the two valued for

the roll-off factor, while the receiver.shall support both

values.
Impedance 75Q
Regeive Level at the IF Physical Interface | -60 to -30 dBm
inpdit
Adjaicent Channel level variation +2dB
Return Loss > 13 dB (in-band)
In-Hand Flatness +0.5dB

Phdse Noise

The phase shall’hot exceed the levels given in Tlable 7-47.

Spdctral Inversion

The receiver’shall accept an input spectrum that|is either inverted or

noninverted, This allows for either high-side or low-side local
oscillator ajection when upconverting at transmitter side.

Table 7-47 - Maximum Phase Noise Levels

QPSK:-Modulation 16QAM Modulatioh
Frequency Offset [kHz] At RFU Input | At UPI/STB Input At RFU Input At UPI/§TB Input

[dBc/Hz] [dBc/HZ] [dBc/HZ] [dBg/HZ]

1 571 -41 -57 {47

10 181 -71 -87 77

50 -99 -92 -105 98
100 -99 -95 -105 101
500 -109 -104 -115 110
1000 -115 -110 -121 117
2000 -121 -116 -127 122

7.111.1.11 ~Baseband filter characteristics

Prigr to,modulation, the | and Q signals shall
or .35 The square-root raised cosine filter s

be square-root raised cosine filtered. The roll-off factor shall be 0.20
wing expression:

hall have a theoretical function defined by the follg
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H(f)=1 for|f|<fN(1—a)
12
1 1. x| fy-|f
H(f)=<=+=sin—| ——— forf,l—a)<|f|<f (@
(f) {2+2 2fN{ - W A-a)<|f]< f (1 a)
H(f)=0 f0r|f|>fN(1+a)
1_R
fy=—"==2
where 2T, 2 is the Nyquist frequency

and roll-off factor o = 0.20 or 0.35.

A transmitter shall support at least one of the two values for the roll-off factor, while the receiver shall support
both valyes:

7.11.1.12 Transmit spectral mask

The trangmit power spectral mask shall be applied at the LMDS transmitter side in order to|provide minimum
spectruny emission and interference with adjacent channels.
Recommended values for the Power Spectral Mask are listed in Table 7-48 (informative’values). Thé Power
Spectral [Mask is applied symmetrically around the carrier frequegcy (f

Table 7-48 - Recommended Downstream Transmitter Power<Spectral Mask.

[ (F-f) /| QPSK 16QAM Tolerance
Response Response [dB]
[dB] [dB]
<1l 0 0 +0.25
at1l -3 -3 +0.5
at 1o <-22 <24 -
at 2. <-30 < -36 -
>2 <-32 < -40 -

The trangmit filter when convolved with itself shall’have a carrier to intersymbol interference ratio of greater than
30 dB.
7.11.1.13 Information bit rate

This sysfem employs different channel bandwidths and different convolutional encoder rates and solthe range of
informatipn bit rate is wide.
Informative: Table 7-49 shows'some possible solution for 20 and 40 MHz channel bandwidths.

Table 7-49 - Examples of useful bit rate for 20 and 40 MHz channel bandwidths [Informative]

Channel Symbol rate Useful bit rate [Mbit/s]

bandwidth [Mbaud/s] rate 1/2 rate 2/3 rate 3/4 rate 5/6 rate 7/8
20 MiHz 16.67 15.36 20.48 23.04 25.60 26.88
40 MiHz 33.33 30.72 40.96 46.08 51.20 53.76

Note: TI*\ cavaliiac ara avaliiatad far o rall Aff fastnarvaliia Af O 2 vuith ODSK madiilatinn
. 1esSe-ate St artate oo -OH1aCto Yt e-O- o= W ot HReathatHoh-

7.11.1.14 Transmission Convergence Layer

The downstream TDM frame range is between 3 and 6 msec. It means that, for example, a frame for 40 MHz
bandwidth could be performed by 700 ATM cells or 175 MPEG-2 Transport Stream packets.

7.11.2 Upstream LMDS

The upstream TDMA frame length is equal to the downstream TDM frame length (3 to 6 msec). At the Access
node upstream receiver, the upstream frame shall have a fixed delay relative to the downstream frame. The STB
shall adjust timing of upstream packet transmissions to coincide with the upstream frame slot boundaries at the
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Access node receiver, i.e., the STB shall achieve upstream symbol synchronization (with the Access node
receiver) to a specified level of accuracy. There are two levels of upstream synchronization: (1) before net entry

and

(2) after net entry.

The maximum synchronization error before net entry is determined primarily by the STB uncertainty of two-way
propagation delay, and the maximum uncertainty is determined by LMDS service cell radius. For STB net entry,
Net management shall allocate multiple contiguous slots as needed to form longer net entry slots such that TDMA
packet collisions caused by STB net entry transmissions are precluded. The net entry procedure shall provide for
synchronization pull-in wherein the STB adjusts upstream time base in response to feedback of synchronization
error estimated by the Access node. After net entry the STB upstream synchronization error shall be maintained at
less than one upstream symbol in length (packet guard time is 4 symbols). The Access node shall provide periodic
feedback of estimated upstream synchronization error to assist the STB in maintaining the specified
synchronization accuracy after net entry.

7.11.2.1 Transmission Convergence Layer

The
pre
errq
pre
BP
The
ino
of U

The
fran
of §
In t

time slots to upstream time slots must satisfy, the following equation:

wh
dow

specified upstream time slot structure is shown in Figure 7.11-12. A slot is 68 bytes long,/g
hmble, one ATM cell, 10 Reed Solomon check bytes, and 1 byte of guard time for upstream
r. The preamble shall be set to [0OFCFCF3]hex and, unlike the other 64 bytes in the upstre
hmble shall not differentially encoded. This results in a preamble modulated on the‘carrier &
5K modulated Neuman-Hoffman sequence [0000 1110 1110 1101].

one-byte guard time provides for upstream synchronization error after net-entry. The prear
f upstream timing during net entry, as well as measurement of upstream timing error to sup
pstream synchronization after net entry.
= 68 Dytes upstream siot =
4 bytes 53 bytes 10 bytes 1 byte
Preamble ATM cell R-S Parity Guard

Figure 7.11-12 - Upstream Titme Slot Structure

upstream frame consists of F slots where F depends on the upstream modulation rate use
ne are partitioned into polling slots, contention slots, and traffic slots. The relative number o
ots are dynamic at the discretion of the slot assignment functions, under the constraint that
e case of ATM transport, a downstream tinje slot consists of one ATM cell. The relationshi

2
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nstream symbol rate-after Viterbi decodigis the number of downstream time slots (ATM ce
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Table 7-50 - Example Downstream/Upstream Framing Relationship (ATM Case)

Description Units Description Units
Frame Period 5.819 ms Frame Period 5.819 ms
Time Slots per Frame 728.0 Time Slots per Frame 24.00

ATM Cell Rate 125102 cells/s | ATM Cell Rate 4124 cells/s
ATM Rate 53.043 Mbit/s | ATM Rate 1.749 Mbit/s
Time Slot Efficiency 371/376 Time Slot Efficiency 63/68

Bit Rate 53.7582 Mbit/s | Bit Rate 1.8875 | Mbit/s
Reed Solomon Efficiency 188/204 Reed Solomon Efficiency] 53/63

Reed Solomon Bit Rate 58.3333 Mbit/s | Channel Bit Rate 2.2436 Mbit/s
Convolutional Code Efficiency 7/8 R./Rsy 26

Channel Bit Rate 66.6667 Mbit/s | QPSK Modulation 2

QPSK Medulation 2 bit/lsymbol Channel Symbol Rate 11218 1 Mbaud
Channel|Symbol Rate 33.3333 Mbaud | Excess Bandwidth 0.3000

Excess Bandwidth 0.2000 Channel Bandwidth 1.4583 MHz
Channel|Bandwidth 40.0000 MHz | Available Bandwidth 300.0000f ™ MHz
Availablg Bandwidth 850.0000 MHz | Number of Channels 20571

Number pf Channels 21.25

In the cage of MPEG-2-TS transport, a downstream time slot consists of one MPEG-2-TS packet. The relationship
of downgtream time slots to upstream time slots must satisfy the following equation:

N,-68-8 N, -204-8
R-2

whereRy

R, -2

is the upstream channel symbol rédg,is the number of upstream time slots (ATM cells), Rpas
downstrgam symbol rate after Viterbi decodiigis the number-9f downstream time slots (MPEG-2-TS

Table 7-51 - Example Downstream/Upstream . £rame Relationship (MPEG-2-TS Case)

the
packets).

Downstr¢am Description Units .~~~ |Upstream Description Units
Frame PEgriod 5.819 ms Frame Period 5.819 ms
Time Slagts per Frame 208.0 Time Slots per Frame 24.00

MPEG Pjacket Rate 35743 pack/s | ATM Cell Rate 4124 cellsfs
MPEG Bjt Rate 53.7582 Mbit/s | ATM Rate 1.749 Mbit/s
Time Slat Efficiency 1 Time Slot Efficiency 63/68

Bit Rate 53:7582 Mbit/s | Bit Rate 1.8875 Mbitls
Reed Solomon Efficiency 188/204 Reed Solomon Efficienc] 53/63

Reed Solomon Bit Rate 58.3333 Mbit/s | Channel Bit Rate 2.2436 Mbitfs
Convolutional Code Efficiency 718 Rsd Ry 26

Channel|Bit Rate 66.6667 Mbit/s | QPSK Modulation 2 bit/symbo
QPSK Modulation 2 bit/symbol] Channel Symbol Rate 1.1218 Mbadid
Channel|Symbol Rate 33.3333 Mbaud | Excess Bandwidth 0.3000

Excess Bandwidth 0.2000 Channel Bandwidth 1.4583 MH3
Channel|Bandwidth 40.0000 MHz | Available Bandwidth 300.000 MHz
Availablg Bandwidth 850.0000 MHz Number of Channels 205.71

Number of Channels 21.25

7.11.2.2 Physical Medium Dependent Sublayer

The coding and modulation of upstream packets is summarized in the block diagram in Figure 7.11-13.

The upstream ATM cell received from the transmission convergence layer shall be randomized for spectral
shaping with a randomizer, and the randomized ATM cell shall be encoded for forward error correction by a Reed
Solomon RS(63,53) code with 8-bit code symbols. The 4-byte sync preamble shall be appended to the ATM cell
and the resultant coded packet is mapped into I/Q baseband pulses to effect differentially encoded QPSK. The
baseband modulation pulses shall be filtered with root-raised cosine filters having an excess bandwidttxfactor of
= 0.30 and the packet data shall be burst modulated onto the upstream RF waveform into an assigned slot.
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The preceding operations at the subscriber node for upstream transmission shall be reversed at the Access node
end for reception of upstream burst transmissions.

Upstream Reed- | | Receive
TMcells| | Remove Derandom- I 14 4 DOPSK
é sync € jzaion 4 S%%m il Modula_tor <« Mlazﬁgsd <« Bust %] Phssﬁc A
Preamble Decode Decoding 0 Q Demod. Interface
AK
AAAA
LMDS ACCESS NODE ‘
RECEIVER Clock&ncq -
ecovery
Other
subscribers
(TDMA)
Upstream RF
| Append 4 Reed-
byte Solomon
Upsfream | |
ATMcelis | | preamble Random- (63,53) IQ [ Baseband [P Burst Transmit | T
» izaion [P Code [ Modulator Ly Pulse L DQPSK > RF phys.
Preamble (byte) ‘ bye) Encoding 9 Shaping o Meddlator Interface
AAAA
LMDS NIU TRANSMITTER
- P Clock & Sync
Generation

7.1

For
fee

all gnes, and the LFSR shall be reset to initial condition at the beginning of each ATM cell. At th

rec

7.1

Reeg
Reg
Coq
Fiel
The
info

Figure 7.11-13 -"Upstream Data Flow

| .2.2.1 Randomization for spectrum, shaping

the upstream packet, only the ATM cell of the packet shall be randomized. The randomize
iback shift register (LFSR) with generating polynonfiat x°+1. The initial contents of the regis

biver, the complementary self-synchronizing feed-forward linear shift register derandomizer

|.2.2.2 Reed-Solomancoding

d Solomon coding-shall be applied to each randomized ATM cell. The code shall be the sh
d-Solomon code RS(63,53,t=5). The specified code generator polynomials are given by

e Generator-Polynomial:  g(x) = (x+uO)(x+ul)(x+p?) ... (x+u9), whereu= 02hex

d Generator Polynomial: p(X) =X+ x4+ x3+x2+ 1

speeified code has a block length of 255 bytes, and shall be configured as a RS(255,245,
rmation bits preceded by 192 zero symbols. The resultant code will correct t=5 byte errors i

shall be the linear
ter shall be

e upstream

shall be used.

brtened systematic

=5) code with
h each code word.

7.11.2.2.3 Modulation

The specifications which shall apply to QPSK modulation for the upstream channel are given in Table 7-52.
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Table 7-52 - Specifications for DQPSK Modulation (Upstream)

Modulation Differentially encoded QPSK
Differential Encoding Bytes entering the byte-to-symbol encoder are divided into four b
pairs, each bit pair generating one QPSK symbol. Byte boundaried
coincide with bit pair boundaries: that is, no bit pairs overlap two
bytes. The bit pair corresponding to the MSBs of the byte is sent fifst.
Within each bit pair, the more significant bit is referred to a ‘A’ and|the
less significant as ‘B’. The differential encoder shall accept bits A, in
sequence and generate phase changes as follows:

—

A B Phase Change
0 0 none
0 1 +90 degrees
1 1 180 degrees
T © =90degrees
Preamblg The Preamble is four bytes: 00 FC FC F3 hex, transmitted in thisjgrder.
Signal Cpnstellation The outputs I, Q from the differential encoder map to the phase gtates
as follows:
Q
01 ° ° 11
|
00® ®(10

This constellation is used for the ,detection of the Preamble, whijgh is
not differentially encoded.

Transmigsion Rates Integer divisors of the downstream symbol rate after Viterbi decgging

Transmif| Filtering Root raised cosine filtering, foll-off factor= 0.30 |
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Data Randomization The Preamble shall be sent in the clear. Before addition of the FEC
bytes (to be calculated over the randomized ATM cell), randomization
shall apply only to the 53-byte ATM cell, with the randomizer
performing modulo-2 addition of the data with a pseudo-random
sequence. The generating polynomial®is xC +1 with seed all ones.
FEC bytes shall be calculated over the randomized 53-byte ATM gell.
Byte/serial conversion shall be MSB first. The 424-bit binary sequgnce
generated by the shift register starts with 00000100... The first “0"|is
to be added to the first bit after the Preamble.
Randomizer:

Serial Iput

& D

Serial Ouput

A complementary non self-synchronizing derandomizer is usefl in the
receiver to recover the data. The derandomizer shall be enabled gfter
detection of the Preamble.
Derandomizer:

1 Iput
Serial Ouput
Frefjluency Range Region’Dependent (above 10 GHz)
Frefluency Resolution <500 Hz
Trapsmitter Power Spectral The Fransmitter Power Spectral Mask shall comply to the valdes diven
Masgk i Table 7-53.

The transmit filter when convolved with itself shall have a carrier td
intersymbol interference ratio of greater than 30 dB.

Carrier Suppression > 30 dB
1/Q |JAmplitude Imbalance <1dB
I/Q |Phase Imbalance < 2.0 degrees

Table 7-53 - QPSK Upstream Transmitter Power Spectrum Mask.

| (F-f) /| Response Tolerance
[dB] [dB]
<l 0 +0.25
atl -3 +0.5
at 1+o <-22 -
at 2. <-30 -
>2 <-32 -

7.11.2.2.4 Specifications for the IF Interface

The Downstream Physical Interface applies to the intermediate frequency (IF) interface between the Radio
Frequency Unit (RFU) and the UPI/STB as measured at the UPI/STB connector. Specifications for the Upstream
Physical Interface is shown in Table 7-54 and applies to the same IF interface.
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Table 7-54 - Specifications for the Physical Interface (Upstream)

Upstream Frequency 400 to 700 MHz
The transmitter shall operate over the entire specified frequency rgnge.

Upstream signal level -40 to -10 dBm

Transmission mask -30 dB below the nominal level after the guard interval

(Rejection after burst -40 dB below the nominal level after a 10 packet length

transmission) -50 dB below the nominal level after a 100 packet length
-60 dB below the nominal level after a 1000 packet length

Channel Spacing Nx100 kHz, N>9

Channel Bandwidth Grade A1 -2.5 MHz
Grade B 1 - 26 MHz

Phase Noise The phase noise shall not exceed the maximum levels shown in[Table
7-55.

Frequengy Resolution <500 Hz

DC power 24 - 36 Vdc, Pow@yajane > 36 W (ON/OFF selectable)

Note: this power must be Note: The RFU manufacturer is free to allocate the available.powdr|

supplied[by the NIU and is not | either with emphasis on long cable extension (example, at\24 V: 4pm

provided|over the AO interface. | of RG6 cable with copper plated steel core - leaving 18W'to be
dissipated in the RFU), or emphasis on transmit power)(example, hk
24V: 25W for RFU dissipation - restricting the cableylength to 15 nj pf
RG6 with copper plated steel core).

Return Lpss > 13 dB (in-band)

Impedance 750

Physical|Connector Type F-type female

Table 7-55 - Maximum Phase Neise Levels

Frequency Offset At RFU Input At UPI/STB Input
[kHz] [dBc/HZ] [dBc/HZ]
1 -41 -51
10 -71 -81
50 -92 -99
100 ~95 -99
500 -104 -109
1000 -107 -112
2000 -110 -115

7.11.3 IMAC Protocols and Scenarios

7.11.3.1 Introduction

This section describesthe messages for establishing, maintaining, and managing the physical wirel¢ss media for
commun|cation between an AlU (Air Interface Unit) at the head-end access node and an NIU (Netwark Interface
Unit) at the subscriber premises. Examples of scenarios such as an NIU entering the network or requesting more
resources are glven The messages can be combined in a sequence that would create another scerfario and, thus,
the scenaries g enariod given show the
sequence of messages that shall occur for the given scenarios. The messages given are the exact specification of
the messages between the AlU and NIU across the Al interface that may be transmitted as the MAC flow. Higher
layer flows are not addressed here. Only the messages for set-up of the connections for carrying those higher layer
flows are defined here.

The MAC flow is bi-directional supported by modems at the AlU and NIU. Messages may be sent downstream to
the NIU or upstream to the AlU. In the case of ATM transport, both the downstream and upstream frames are
divided into time slots that encapsulate exactly one ATM cell. In the case of MPEG-2-TS transport, the
downstream frame is divided into time slots that encapsulate one MPEG-2-TS packet and the upstream frame is
divided into time slots which encapsulate one ATM cell. The modulators at the AlU transmit one or more
downstream frequency channels. However, only one downstream frequency channel may be received by the NIU
at any instance. The NIU may switch to a different downstream frequency channel, but this switch may require
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time on the order of many time slots. Likewise, the NIU is only capable of transmitting on one upstream
frequency channel at an instance in time. However, the NIU may be capable of transmitting on one frequency
channel for one time slot and transmit on a different frequency channel for the following time slot.

In the case of ATM transport the MAC flow uses ATM layer encapsulation for all messages. In the case of
MPEG-2-TS transport, the MAC flow uses MPEG-2-TS packet encapsulation for all messages.

7.11.3.2 MAC Control Message Structure when Transmitting ATM Cells

The downstream MAC Control Message structure that is utilized when the downstream channel is carrying ATM
cells is shown in Figure 7.11-14. With ATM transport, the Access node transmits a Frame_Start AAL5 PDU with
VPINCI=0xFF/OXFFFF once per frame period. MAC messages can also be sent on individual MAC VCs
(OxFF/niu_id) to minimize processing by each NIU/STB. Note that the first cell of the Frame_Start PDU does not
have to occur as the first cell of a two MUX packet sequence.

SYNC PAYLOAD

Packet n 1 byte 187 bytes ATM trangort MUX packets
SYNC PAYLOAD two-packet squence

Packetn+l | 1 pyte 187 bytes (two-p @ )

7 ATM cells + 3 control ftesper twopacket-sqguence

A}
. CTRLO | Frame StartCell 1 | ATM cell 2 AT ATM cell 4 (part)
Packet n 1 byte 53 bytes 53 bytes 58 hytes 27 bytes
~
K CTRLL1 | cell 4 (cont) ATM cell 5 cell 6 ATM cell 7 CTRL2
Packet n+1 1 byte 26 bytes 53 bytes bytes 53 bytes 1 byte

Figure 7.11-14 - Downstream MAC Control Message structure (ATM structure)

Theg protocol stack for ATM transport based systems is shown in Figure 7.11-15 and Figure 7.2{1-16. Downstream
MAL messages are reassembled out of MPEG-2-TS packets and processed in the
NIY/STB. The MAC layer communicates.through a Layer Management function to the Transmigsion
Convergence layer to configure such itéms as the upstream reserved time slot allocation, etc. The MAC layer also
communicates to the Physical Medium Dependent Layer to configure the upstream and downsfream modulation
and FEC parameters and to applytiming, frequency, and power corrections for upstream transmissions.

MAC Higher Layers MPEG-TS
C i r o]
z |
[}
£
e ATM AALS ATM AALS
[5]
c
5]
= LMAC
o
[5+]
- TC Layer
PMD Layer

Note: Higher Layers and MPEG-2-TS on ATM AALS5 are shown as an informative example.
Figure 7.11-15 - Downstream MAC Protocol Reference Model, ATM Transport
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Note: DSM-CC on ATM AALS5 is shown as an informative example.
Figure 7.11-16 - Upstream MAC Protocol Reference Model, ATM Transport

MAC Control Message Structure when Transmitting MPEG-2-TS Rackets

se of an MPEG-2-TS based system, the MAC messages are carried in'a MAC PID. MAC m|
fe than one MPEG packet in which case the NIU/STB processor must.perform reassembly.
MPEG packet shall be used to synchronize the upstream frame-Because MAC messages
nto the MPEG-2-TS by the final MPEG multiplexer stage, it canfot be guaranteed that the
veen the first MAC packets of each frame will be constant. As'a result, each MAC packet sh
np that will be inserted at the MAC Layer between the MPEG multiplexer and the modulatof
Y for the time stamp syntax definition).
L Control Message structure that is utilized when the )dewnstream QAM channel is carrying
in ISO/IEC 13818-1 with a specific PID designated for MAC messages.
4 184

MPEG Header | MAC Messages

Figure 7.11-17 - MAC downstream message structure (MPEG-2-TS format)

tpcol stack for MPEG-2-TS based systems is shown in Figure 7.11-18 and Figure 7.11-19. O
ssages are reassembled out'of MPEG-2-TS packets and processed in the

. The MAC layer communicates through a Layer Management function to the Transmission
ence layer to configure such items as the upstream reserved time slot allocation, etc. The M
cates to the Physical:Medium Dependent Layer to configure the upstream and downstrean

parameters and-to-apply timing, frequency, and power corrections for upstream transmissi
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Figure 7.11-18 - Downstream MAC Protocol Reference Model, MPEG-2-TS Transport
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Note: DSM-CC on ATM AALS5 is shown as an informative example.
Figure 7.11-19 - Upstream MAC Protocol Reference Model, ATM Transport

1.3.4 Time Slot Types

|.3.4.1 ATM Transport

downstream scheme is time division multiplex and the time slot types are divided into fram
fom access slots. The upstream scheme is Time Division Multiple Access and the time slot
polling response slots, contention slots, and reserved, time slots. All MAC messages shall |
in ATM cells that shall use the UNI cell header format. The AlU shall not send more than 7
ne, which is about 50 cells per 6msec frame for axdownstream bit rate of 51 Mbit/s, encapsu

tain MAC PDUs, include those broadcast yia-frame start to all NIUs and cells directed to a g
[P] time slots sent from the NIU only contaih MAC messages. The contention [C] time slots
may carry MAC messages or higher layer data. Reserved time slots sent from the NIU car

5 upstream shall transport higherlayer data over an ATM virtual connection, these time slot
.
|.3.4.2 MPEG-2-TS Transport

an MPEG-2-TS based system, the random access time slots carry PES information in MPE
MAC messages-sent to a specific NIU utilize an niu_id in the header for each 48 byte mes

e start slots and
types are divided
e encapsulated
percent of the
lating MAC PDUs
pse cells, which
pecific NIU. The
sent from the

y voice/data,

/I cells and OAM control message cells. Since the random access time slots downstream and the reserved time

5 are referenced as

G-2-TS packets.
bage. The 48 byte

mesgsages are encapsulated within the payload of the MPEG-2-TS MAC packet. The AlU shall hot send more than
7 pe¢rcent of the frame which is about 14 MPEG-2-TS packets at a downstream bit rate of 51 Mpit/s.
7.11.3.4.32Acronyms

FS: Frame Start Time Slot or Frame Start MAC message

FS Polling Request Type with Non-zero Poll_slot_id

C: Contention Time Slot

P: Poll Response Time Slot

NIU:  Virtual (Asynchronous)

7.11.3.4.4 Downstream Time Slots

Frame Start Time Slot

In ATM-based systems, the first frame start time slot [FS] always occurs on the first time slot in the downstream
frame in order that the NIU may determine the beginning of the downstream frame and synchronize its upstream
frame to it. This time slot always encapsulates the first cell of a single or multi-cell AAL5 SDU. The AAL5 SDU
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