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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
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Id of information technology, ISO and IEC have established a joint technical committee, ISO/IEC
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b PAS procedure, by Joint Technical Committee ISO/IEC JTC< ,)Information technology, in parallel
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16500 consists of the following parts, under the general title Information technology — Generic
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1: System reference models and scenarios

2: System dynamics, scenarios and protocel requirements
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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-

VisSTat SthsyStEmTwith this ntemationat Stadard:

A summary of each part follows.

ISO/IEC 16500-1 (DAVIC 1.3.1a Part 2) defines the normative digital audio-visual systems, technicaj framework.

It provides a vocabulary and a Systems Reference Model, which identifies specific functional blocks
information flows, interfaces and reference points.

ISO/IEC 16500-2 (DAVIC 1.3.1a Part 12) defines system dynamic behavior and physical scenarios.
locations of the control functional entities along with the normative protocols needed to support the

behavior. It is structured as a set of protocol walk-throughdmplication Notes” that rehearse both the
state and dynamic operation of the system at relevant reference points using specified protocols. D
dynamics are given for the following scenarios: video on demand, switched video broadcast, interag
and internet access.

ISO/IEC 16500-3 (DAVIC 1.3.1a Part 14) provides the normative, definition of DAVIC Technology C
These are strict sets of Applications, Functionalities and Technalogies which allow compliance and
criteria to be easily specified and assessed. This part of ISO/EC 16500 contains the full details of t
These are the Enhanced Digital Broadcast (EDB) and Interactive Digital Broadcast (IDB). ISO/IEC 1
specifies required technologies and is a mandatory compliance document for contour implementatid

ISO/IEC 16500-4 (DAVIC 1.3.1a Part 8) defines thé.toolbox of technologies used for lower layer prg
physical interfaces. The tools specified are thoserequired to digitize signals and information in the (
and in the Access Network. Each tool is applicable at one or more of the reference points specified
Delivery System. In addition a detailed specification is provided of the physical interfaces between t
Interface Unit and the Set Top Unit and of:the physical interfaces used to connect Set Top Boxes tg
peripheral devices (digital video recorder, PC, printer). The physical Delivery System mechanisms i
copper pairs, coaxial cable, fiber, HEC, MMDS, LMDS, satellite and terrestrial broadcasting.

ISO/IEC 16500-5 (DAVIC 1.31a Part 7) defines the technologies used for high and mid-layer proto
ISO/IEC 16500 digital audje-=visual systems. In particular, this part defines the specific protocol stac
requirements on protocals at specific interfaces for the content, control and management informatio

ISO/IEC 16500-6 (DAVIC 1.3.1a Part 9) defines what the user will eventually see and hear and with
It specifies the way i which monomedia and multimedia information types are coded and exchangs
includes the definition of a virtual machine and a set of APIs to support interoperable exchange of p
Interoperability~of applications is achieved, without specifying the internal design of a set top unit, by
ReferencetPecoder Model which defines specific memory and behavior constraints for content decq
profiles are'defined for different sets of multimedia components.

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

ISOAEC 16500 system |mplement|ng securlty proflles These tools include security protocols Wh|ch

operate

and condltlonal access functlons mcludlng the hlgh speed descrambllng functlons The mterface CAl istoa
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.
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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.

Add
ISO

itional Information

IEC TR 16501 is-an nnnnmpnn\j/ing Technical annrf Ewurther architectural and caonformance informa

tion is

proy

for ipformation.

ISO
proy
IDB

used to define the normative contour technology toolsets provided in ISO/IEC 16500-3.

DAV

infomation for the server, the delivery-system, and the Service Consumer systems respectively. Part 3

how|
tran
app
netw
local
Con
norn

DAV
tech

ided in other non-normative parts of DAVIC 1.3.1a (1999). A summary of these documents is include

IEC TR 16501 (DAVIC 1.3.1a Part 1) provides a detailed listing of the functionalities required by use
iders of digital audio-visual applications and systems. It introduces the concept of a contour and defi
(Interactive Digital Broadcast) and EDB (Enhanced Digital Broadcast) functionality requiréments whi

IC 1.3.1a Parts 3, 4 and 5 are DAVIC technical reports. They provide additionat-architectural and oth

to load an application, once created, onto a server and gives information,and guidance on the proto
smitted from the set-top user to the server, and those used to control the.set-up and execution of a s
cation. Part 4 provides an overview of Delivery Systems and descrihes.instances of specific DAVIC
orked service architectures. These include physical and wireless, nétworks. Non-networked delivery
storage physical media like discs, tapes and CD-ROMSs) are notsSpecified. Part 5 provides a Service
sumer systems architecture and a description of the DAVIC Set.Top reference points defined elsewh
native parts of the specification.

nology tools and protocols through conformance and~/‘or interoperability testing.

d here

rs and
nes the
Ch are

er
lefines
ols

plected

e.g.

ere in the

IC 1.3.1a Part 13 is a DAVIC technical report, which provides guidelines on how to validate the syst¢ms,
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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 S
interface and for a service provider system (SPS) internal network and an SPS/SPS core network.

Clause 6 specifies in detail the tools provided to digitize the physical media in the core network. In t
broadband core network, all these tools support high speed ATM transport. Clause 7 specifies in d
provided to digitize the physical media in the access network (copper pairs, coax, satéllite, microwa
these tools support high speed MPEG-2-TS transport and/or high speed ATM transport. Clause 8 @
access-network-independent interface to the STU and provides a detailed specification of the physi
between the network interface unit (NIU) and the STU. This physical interfage‘ean be internal or ext
Set Top Box (STB) and is independent from the physical interface used in the“access network. It su
transport of MPEG-2-TS and ATM between NIU and STU. Clause 9 concerns the STU dataport intg
specifies the physical interfaces used to connect an STB to various peripheral devices. It defines nd
multimedia dataport tools and interfaces and also includes informative specifications for both PC an
dataports. These interfaces support the transport of MPEG-2-TS.or IP. Clause 10 defines the physig
for interconnections between cascaded SPS entities with or without an intervening core network an
interfaces for networks used to connect various hosts withinan SPS.

2. Normative references

The following normative documents contain provisions which, through reference in this text, constitu
of this part of ISO/IEC 16500. For dated references, subsequent amendments to, or revisions of, an
publications do not apply. However, parties to agreements based on this part of ISO/IEC 16500 are
investigate the possibility of applying thexmost recent editions of the standards indicated below. For
references, the latest edition of the normative document referred to applies. Members of ISO and IE
registers of currently valid Internatiohal Standards. The Telecommunication Standardization Buread
maintains a list of currently valid ITJ-T Recommendations.

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

IEC 60801—4:198&lectromagnetic compatibility for industrial process measurement and control equ
Part 4: Electricalfast transient/burst requirements
IEC 61883-1:1998C0onsumer audio/video equipment — Digital interface — Part 1: General.

U dataport

ne case of a
btail the tools
e, fiber). All
oncerns the
cal interfaces
ernal to the
bports the
rface and
rmative STU
d parallel

al interfaces
| the physical

te provisions
y of these
encouraged to
undated

C maintain
(TSB)

ipment.

IEC 61883-4;X998Consumer audio/video equipment — Digital interface — Part 4: MPEG-2 TS data tr
ISO/IEC 78163:1989, |dentification cards — Integrated circuit(s) cards with contacts— Part 3: Electronic sig
and transmission protocols.
I SO/IEC:88023:1996, Information tecmology - Telecommunicatiasiandinformation exclangebetveensyst
Local and metiopditan area networks— Specific requirements — Part3: Carrier sense multi ple accesswit
collision dete

and T.

ANsmission.

Interface connector and contact assignments for ISDN Basic Access Interface located at reference 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

© ISO/IEC 1999 - All rights reserved
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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

FSC-1993; published-Novermber1993:

ITU{T Recommendation G.709 [Re\}, Digital transmission systems - Terminal Equipment - Gengeakioh

WTSC 1993, published December 1993.

ITU{T Recommendation G.804 [NéwATM cell mapping into plesiochronous digital hierarchy (PDirsion

November 1993, published October 1994.

ITU{T Recommendation G.832 (11/199%)ansport of SDH elements on PDH networks: Frame-and

multiplexing structures

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

gynchronous digital hierarchy

ITU{T Recommendation G.981 [NéwWPDH optical line systems for the local netwpviersion January 1994,

dublished November 1994.

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

ITU{T Recommendation 1.363.5 (08/199&}ISDN ATM adaptation layer (AAL) specification: Type 5 AAL

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

December 1993.

ITU{T Recommendation 1.430 [Rev.,Basic user-network interface > Yayer 1 specificatioersion WTSC

1993, published March 1994.

ITU{T Recommendation 1.432 [Rev. B;ISDN user-network interface - Physical layer specificati@nsion

WTSC 1993, published January 1994.

ITU{T Recommendation O.9 [Blue Boghyleasuring arrafigements to assess the degree of unbalance abopit

darth version CCITT PA 1988, published July 1990:

ITU{T Recommendation V.22 [Blue BooK]200 bits\per second duplex modem standardized for use on the
deneral switched telephone network and gn-point-to-point 2-wire leased telephone-type vecsiis

qCITT PA 1988, published November 1989:

ITU{T Recommendation V.22 bis [Blue BooR00 bits per second duplex modem using the frequency division

telephone-type circuitsversion CCITT PA 1988, published November 1989.
ITU{T Recommendation V.32 [Rev-44, family of 2-wire, duplex modems operating at data signaling rates ¢f up
tp 9600 bit/s for use on the-general switched telephone network and on leased telephone-typ& eisiorits
WTSC 1993, published Jandary 1994.
ITU{T Recommendation V32 bis [New}, duplex modem operating at data signaling rates of up to 14400 bit/s
for use on a general'switched telephone network and on leased point-to-point 2-wire telephone-type dircuits
version February-1991, published May 1991.
ITU{T Recommendation V.34 [Newd modem operating at data signaling rates of up to 28800 bit/s for us¢ on
ne general.switched telephone network and on leased point-to-point 2-wire telephone-type \oinits
eptember.1994, published December 1994.

n=~

2.2| ©ther normative references

1394 Trade Associatiospecification 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 Subscriber Line

(ADSL) Metallic Interfaceversion March 95.
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

trarsport strearmsvarctr 1997

DIN Specification 41612-5Test SpecificatignOctober 1987.

ETSI specification ETS 300 42Digital broadcasting systems for television, sound and data services;
structure, channel coding and modulation for 11/12 GHz satellite servieeson December, 1994.

ETSI Technical Report 328 on ADSédition 1, December 1996.

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

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

Philips Semiconductor Specificatiofhe FC-bus and how to use it (including.spécificatiori$)95 Update
released April 1995, by Philips Semiconductor. Document number 9398-393-40011.

3. Definitions

This clause defines new terms, and the intended meaning of/cértain common terms, used in this pal
ISO/IEC 16500. Annex A of ISO/IEC 16500-1 defines additional terms and, in some cases, alternat
interpretations that are appropriate in other contexts. For-convenience, the normative definitions be
included in the annex.

3.1 Access network (AN):a part of the Delivery system consisting of a collection of equipment a

Framing

hal
Lise 9.4

It of
ve
ow are

nd

infrastructures, that link a number of Service\Gonsumer Systems to the rest of the Delivery system through a

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

3.2. Access nodeThe element of the-Access network containing centralized functions responsib
processing information flows in preparation for transport through the selected distribution network.

3.3. block: a part of a system.or parent block that is the container for one or more processes of
substructure. A block is a scgpe unit and provides a static interface. When used by itself, block is a
block instance.

3.4. cable modeni:aydevice that interfaces between an A4 reference point and an Hybrid Fiber C
between an AO reférence point and that plant, such that the whole comprises a physical layer tool.

3.5. channglya’connection conveying signals between two blocks (the conveyed signals repress
information){,Channels also convey signals between a block and the environment. Channels may b
or bi-direetional.

3.6.

3. connect:indicates the connection of a channel to one or more signal routes or the interconn

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

e for

bne block
synonym for

oax plant, or
nt

b unidirectional

ection of

Qignal rautes.

3.8.

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 connections.

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

3.19. End-Service Consumer (ESC)a user, either human or machine, whose primary interaction with tilue
system is through the STU.

3.14. End-Service Consumer System (ESCSA system that (predominantly) consumes information. ES[CSs
are |SPS and ESPS clients. The ESCS includes the STU and the ESC.

3.11. End-Service provider (ESP):an entity with jurisdiction over a domain that contains-a system that
(prefominantly) provides information to clients.

3.18. End-Service provider System (ESPS) system that (predominantly) provides-information to clients.
ESHSs are ISP clients and may also be clients of other ESPSs. ESPSs consists, of hardware and softwafe sub-
systems that use ISP services to provide video and multimedia services to ESCSs.

3.19. error: An error occurs during the interpretation of a valid specification of a system when one of the
mic conditions of SDL is violated. Once an error has occurred, the subsequent behavior of the systgm is not

interface: a point of demarcation between two blocks through which information flows from one bjock
to the other. See logical and Physical Interface definitions for<further details. A DAVIC interface may be ghysical-

interface definition: Interface definitions are the detailed physical definitions used to define the method
eraction between system entities. These definitions are provided for the various reference points. A finite set
erfaces may exist at each particular reference point.

Intermediate-Service provider (ISP):ISPs provide adjunct services and convey information amonp

layer: a collection of objects of\the same hierarchical rank

logical information flow paths a sequence of information transfers from an initial information sour¢e
t to a terminal information (destination object either directly or through intermediate objects; different
physical information may be ‘associated with a logical information flow path segment or with the entire path in

intefactions which may be typified as being temporally disjoint from an off-hook interaction. Interactions gmong
Managément 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

3.34. Physical Interface: An interface where the physical characteristics of signals used to represgnt

information and the physical characteristics of channels used to carry the signals are defined.‘A Physical Interface
is an external interface. It is fully defined by its physical and electrical characteristics. Logical informition flows
map to signal flows that pass through Physical Interfaces.

3.35. plane: a category that identifies a collection of related objects, e.g., objects that'execute sinjilar or
complementary functions; or peer objects that interact to use or to provide services(in a class that reflects
authority, capability, or time period. Management-plane service objects, for example, may authorizg ISP-clients'
access to certain control-plane service objects that in turn may allow the clientsto use services proyided by certain
user-plane objects.

3.36. process:a communicating extended finite state machine. Comniunication can take place vig signals or
shared variables. The behavior of a process depends on the order of arrival of signals in its input pqrt

3.37. process instancean instance of a process created at system creation time or dynamically a$ a result of a
create [request].

3.38. protocol: set of message formats (semantic, syntactic, and symbolic rules) and the rules fojmessage
exchange between peer layer entities (which messages\are valid when)

3.39. randomization: the process of removing auto*correlation from a signal, i.e. white noise spedtrum
shaping at the transmitter side to ease symbol orbit timing recovery at the receiver side.

3.40. reference point:a set of interfaces bétween any two related blocks through which informatign flows
from one block to the other. A reference,point comprises one or more logical (non-physical) information-transfer
interfacesand one or more physical signal-transfer interfaces.

3.41. S1:content-information flew;.from a source to a destination object on the User plane of any|service
layer.

3.42. S2:control-information' flow from a source to a destination object on the Control Plane of th¢
Application Service Layer (SL1).

3.43. S3:control-information flow from a source to a destination object on the Control Plane of thg¢ Session
and Transport Service Layer (SL2).

3.44. S4:control-information flow from a source to a destination object on the Control Plane of th¢ Network
Service Layer(SL3).

3.45. S5:'management-information flow from a source to a destination object on the Managemen{ Plane of the
container object: the objects may be peers (service layer is known), or the service layer may be ungpecified.

3.46. scrambllng The process of making a S|gnal unlntelhglble at the transmlssmn pomt in order that it can

applled to audlo V|deo or data S|gnals

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
samg DIOCK Or e channels connected 10 e DIoCK:

3.59. specification: a definition of the requirements of a system. A specification consists of general-parameters
reqyired of the system and the functional specification of its required behavior. Specification may also belused as
a shiorthand fospecification and/or descriptior.g., in SDL specification or system specification.

3.56. symbol: a bit or a defined sequence of bits.

3.57. system:a collection of interacting objects that serves a useful purpose; typically,;@ primary subdiyision
of an object of any size or composition (including domains).

3.584. Time Division Multiple Access (TDMA): method to access a shared transmission medium where time
is divided into slots and the nodes connected to the medium are synchronized by assigning each one of them one
or more specific time slots to transmit

3.59. transparent information: information that is not significant semaftically to an object used to transport
the information.

3.60. type: a set of properties for instances. Examples of typesdn SDL include blocks, processes, serv|ces,
signpls, and systems.

3.61. upstream: information flow direction is from an ESC,System to an ESP System.
3.62. user: a service consuming object or system (block).

3.63. User plane (UP):A classification for objects:whose principal function is to provide transfer of (end
usel information: user information may be user-to-user content (e.g., a movie), or private user-to-user data.

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

3.69. virtual channel: communication channel that provides for the sequential unidirectional transport gf
ATM cells

4. |Acronyms and@bbreviations

Thig clause defines the-acronyms and abbreviations used in this part of ISO/IEC 16500. Annex B of ISOJEC
16500-1 defines actonyms and abbreviations used within ISO/IEC 16500.

ADSL Asymmetrical Digital Subscriber Line
All Active Input Interface

AIS Alarm Indication Signal

AOI Active Output Interface

AT AsynchronrotsTransferMode
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
HRM HighrRetabitity varker

ID Identification

ISDN Integrated Services Digital Network
IWu InterWorking Unit Functionality
LFSR Linear Feedback Shift Register
LSB Least Significant Bit

MAC Media Access Control

MPEG Moving Pictures Experts Group
MSB Most Significant Bit

MUX Multiplex

NIU Network Interface Unit

NRC Network Related Control

NRZ Non-Return-to-Zero

NSAP Network Service Access Point
OoSsB Output Signal Balance

PDH Plesiochronous Digital Hierarchy
PDU Packet Data Unit

PHY Physical Layer Interface

PID Packet Identifier

PLMN Public Land Mobile Network

PM Phase Modulation

PMD Physical Medium Dependent

PON Passive Optical Network

POTS Plain Old Telephone System

PPM Pulses Per Million

PRBS Pseudo (Random Binary Sequence
PSK Phase Shift Keying

PSTN Public*Switched Telephone Network
QAM Quadrature Amplitude Modulation
QoS Quality of Service

QPSK Quaternary Phase Shift Keying

RF Radio Frequency

RL Return Loss

RS Reed-Solomon

SDH Synchronous Digital Hierarchy
SDL Syntax Description Language

SDU Service Data Unit

SFR SuperFrame Period

SESC 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: Rptes forpresemation of TTU-T { ISOAEC Tommon text (Viarch 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 st

andardized

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

offeringasingte-sotution—Anearterm-optionof PBHispresentedtoaccommodatefortegacy metwarks; and a
recommendation is given to review the applicability of PDH as a physical layer option for this part-of ISO/IEC
16500 upon future revisions.
Though many Physical Interfaces exist that are able to carry ATM cells, it is important to limit the nymber of
possible interfaces to prevent requirements that servers have to be equipped with a wide yariety of Physical
Interfaces. At the moment PDH plays an important role in transport networks and therefere PDH cap not be ruled
out for short term deployment of DAVIC services. This is because network operators’who will be trahsporting
DAVIC specified services will not be able to avoid using multiple physical layer teehnologies for the ftime being.
However in the long term PDH equipment will be replaced, e.g. by SDH or SONET transmission equipment. The
broadband core network shall be digitized by transporting ATM on one or maefe of the tools listed in [Table 6-1.
Each of these tools shall comply to the corresponding references listed inTable 6-1.
Table 6-1 - Broadband Core network Physieal‘Interfaces.
Physical Interface Bit Rate References
SDH STM-1 155.52 Mbit/s [ITU-T G.652], [ITU-T G.957],
[ITU-T G707], [ITU-T G.708], [ITU-T G.709]
[ITU-T\K413], [ITU-T 1.432]
STM-4 622.08 Mbit/s {TU-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 0OC-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]
PDH 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
network and the originating SPS may not exist (i.e. A9 and A4 are coincident), In this case, DVB A4l shall be
used for.delivering the MPEG-2 Transport Stream from the SPS into the access network.
Table 6-2 - SPS/SPS core network and SPS internal network interfaces.

Physical Interface Bit Rate References

270 Mbit/s

DVB | ASI [CENELEC EN50083-9]

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]
interface 2.4 kbit/s [ITU-T V22his]
4.8 kbit/s [ITU-T V32]
9.6 kbit/s [ITU-T V32]

7.1
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7.2
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. [Tools for Digitizing the Access network

Low-Speed Symmetrical PHY on the PSTN

PSTN is considered as a physical medium, a physical layer interface abda network which can be us
blish a bi-directional communication path in the end-to-end delivery system by making use of a modg
smission 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

4) Full duplex terrestrial path at up to 28.8 kbits/s
performance level 1 shall comply with [ITU-T V22 bis]c
performance level 2 shall comply with [ITU-T V32].
performance level 3 shall comply with [ITU-T V32 bis].
performance level 4 shall comply with [ITU-T V34].

bcol (performance level 1).
pendently of the performance level the modem is operating at, asynchronous working with one or tw|
and with or without parity shall be possible.

Low-Speed Symmetrical PHY on the ISDN

ISDN is considered as a ‘physical medium, a physical layer interface and a network which can be us
blish a bi-directional communication path in the end-to-end delivery system.
ISDN interface shall'€omply to the [ITU-T 1.430] specification.

Low-Speed-Symmetrical PHY on Public Land Mobile Networks

public land)mobile network (PLMN) is considered as a physical medium, a physical layer interface a
ork which can be used to establish a bi-directional communication path in the end-to-end delivery sy
ng-useé of a mobile terminal equipment, radio network, interworking functionality and PSTN/ISDN ne
type of the mobile network depends on the local mobile network operator. For example, GSM, PCS

modem in the set top box shall at least support the auto mode selection [ITU-T V.22bis] transmissiof

ed to
m.

D stop

bd to

nd a
stem by
work.
1900, or

DCS1800 can be used according 1o the respectve standaras.
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.

Trcase o 1SDN;thetSDNnterface i themterworkingfurnctionatity strattcomply to the ftT9=-T 43
specification.

In the radio interface, the non-transparent data transmission (including error correction) is recemme)
it provides a better BER performance on the radio path, and it does not require an additional protoc
the error correction.

hded, because
D| to carry out

For the GSM networks the IWU is specified in ETSI GSM standards, (e.g. GSM 09.07 ver 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 meters) u
twisted pair (UTP) cabling at bit rates up to 7 Mbit/s in the downstreantdirection and up to 640 kbit/
upstream direction.

Work on a long-range asymmetrical physical layer interface on copper pairs has been completed in
T1E1.4 and ETSI TM3. It is referred to as ADSL (AsymmetricakDigital Subscriber Line).

The Long-Range Asymmetrical Physical Layer Interface on¢Copper pairs shall comply to the [ANSI ]
ADSL specification and additionally meet the performance requirements contained in the ETSI Tech
[ETR 328].

The bit rate and interleaving depth shall be set at startsup according to the network operators servic
by network management (reference [ANSI T1.413}section 12 “Initialization” sub-section 12.6.2 “C-H
The ATM transmission convergence layer specifications shall be implemented according to ADSL H
recommendations described in [ADSLF TR-002], with the following restrictions:

1 Only the following sections of [ADSLF TR-002] are mandatory (as restricted in 2 below), oth
informative:
B.2 Relationship to otherreference models: DAVIC
3 Transport of ATM on"ADSL
4 Quality of Service
6.2 Description«ef functional blocks: Transmission Convergence
7 Management
2 In ISO/IEC 16500/0nly a single latency path shall be implemented. This is a restriction on t

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

7.5 MediumyRange Baseband Asymmetrical PHY on copper

This section-is included for information only.
See DAVIC' 1.3.1a Part 4 (1999) for more details on architectures able to support the Medium Rang
Asymmetrical PHY on copper.

nshielded
5 in the

the ANSI

[1.413]
nical Report

E requirements
RATES1").
orum

er textis

e full

e Baseband
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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
corr-,', anspo & v izatt v v er-devieetowe A 6 9S
TDMA control).

Network Device User Device

. downstream |
e———3

downstream All

analg —>— Physical analg
TX —>= bangass Medium | banghass = RX
filter filter
Diplexerf Diplexer
anala ) anala
RX —e.—— bandass | point-to | bangass [€—— TX
. multipoint .
filter filter
upstream All 1 M j upstream AOI

Figure 7.6-1 - Definition of active interfaces in‘the network and user device.

The[PMD and TC sublayer sections specify the characteristics of the Network Device and the User device at the
Actiye Input and Output Interfaces as shown in Figuré 7.6-1. The network device shall be the device gengrating
the glownstream signal, typically located in the optieal network termination (in the access network). The ukser
device shall be the device generating the upstream signal, typically located in the Network Interface Unit|(in the
set top box).

On the physical medium, other signals can’be carried in overlay (e.g. POTS or RF signals). The signal
splitter/combiners to overlay these signals on the physical medium shall not considered as part of the Network
Devjce, nor as part of the User Device, They shall not affect compliance of the short-range baseband
asymmetrical PHY signal to the PMD and TC sublayer specification.

7.6]1 Physical Medium Dependent (PMD) Sublayer Specification

7.6.[L.1 Bit Rates

Bit Rate (data rate) refers to the logical bit rate for data (expressed in Mbit/s). Encoded line rate (symbol fate)
refefs to the modulation rate of the electrical signal on the media (expressed in Mbaud).
The|downstreéam and upstream bit rate are scaleable. The downstream and upstream bit rate shall correspond to
one |of the\valid bit rate combinations shown in Table 7-1.

Fable—1—alit-downstreamand-tpstream-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 (dow

nstream 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 access network

wiring.
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

the network device can choose to support upstream reception in the lower or higher frequencies. it
responsibility of the user device to determine how to transmit upstream properly.

7.6.1.2 Bit Error Rate

The user device received white noise random bit error rate after error correction shall-be lowethafith

this assumption, a 10 Mbit/s downstream stream flow will be corrupted less than grce a day, which
to be acceptable for interactive multimedia services.

missions, while
s the

0
is considered

The network device received white noise random bit error rate after error cofrection shall be les¥tWiitHL0

this assumption, a 100 kbit/s upstream data stream will be corrupted less-than once a day, which is
be acceptable for interactive multimedia services.

The network device is receiving bursty data from the various user devices connected to it. If the net
cannot receive a burst (e.g. because of burst synchronization acquisition failure), the data will be co
corrupted and the ATM cell is lost.
The network device upstream burst loss under white noise eonditions shall be les$ tanislie in line W
the cell loss ratio commonly used for ATM networks.

7.6.1.3 Timing

The transmitter in the network device shall use atransmit clock which is derived from the network c
SONET clock, SDH clock, PON clock, ...) to allew end-to-end network synchronization. In the abser
network clock, the network device shall use-a locally generated clock with a maximum tolerance of

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

7.6.1.4 Jitter

The jitter of the network device (downstream jittgy transmitter shall be obtained by continuously tran
the symbol (bOb1b2b3=0411) (see Figure 7.6-4) at the output of the byte-to-symbol mapping and m
variation of the zerp-crassings of the resulting sine-waveform (as shown in Figure 7.6-2) at the netw
active output interface. For the network device jitter measurement, the network device transmitter cl
used as the reference clock.

The jitter of the-User device transmitter (upstream ji{ishall be obtained by continuously transmitting
symbol (b1b0=11) (see Figure 7.6-11) output of the byte-to-symbol mapping and measure the varia
zero-crossings of the resulting sine-waveform (as shown in Figure 7.6-2) at the user device active g
For, the*user device jitter measurement, the network device transmitter clock shall be used as the re

considered to

vork device
mpletely

th

ock (e.g.
ceofa

b0 ppm.
clock, i.e. the
ser device

Emitting
easure the
ork device
pck shall be

the

ion of the
utput interface.
ference clock.
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The

obsgrved at the output of the byte-to-symbol mapping.

The
the

The
valu

7.6.

This
(from
The

extraction of symbol timing information. The implementation of the PMD sublayer receives a byte stream

the 1
the
des

7.6.

The
Any

N Amplitude of
Output Signal #

N

Time

Figure 7.6-2 - lllustration of Transmission Jitter.
network device transmitter shall be capable of continuously transmitting the symbol (b3b2b1b0=011
user device transmitter shall be capable of continuously transmitting the symbol (b1b0=11), as obse
putput of the byte-to-symbol mapping.
network device and user device jitter shall be less than the maximum Vvalues shown in Table 7-2. All
s shall 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

1.5 Downstream Modulation

PMD sublayer specification provides bit transmission capability and bit timing in the downstream dir
n the network device to any user device).
sublayer includes functions.to:generate and receive waveforms suitable for the media, and the inser

PMD sublayer decodes-the signal and delivers it as a byte stream to the TC sublayer. These operatic
ribed below.
|.5.1 Transmit-functionality

PMD sublayer shall be comprised of transmit functionality obtained from the blocks shown in Figure
implementation that produces the same functional behavior at the network device Active Output Inte

equ
enc

llyAalid. The transmit function encodes the byte stream received from the TC layer into an equivale

), as
ved at

the jitter

pction

ion and
from

[C sublayer, encodes, and-transmits the signal to the adjacent PMD sublayer. The receiving implemgntation of

ns are

7.6-3.
rface is
Nt

ded symbol stream and then into a modulated signal for presentation to the media at the network de

vice

Active Oufput Tnterface.
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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 pathsd Q, where n designates th8 symbgl
period. The two symbol streams are sent to passband in-phase and quadrature shaping filters;/s€sp
output of the in-phase filter and the negative of the output of the quadrature filter are summedinto g
the result passed through a band-pass filter, and then transmitted onto the media.

7.6.1.5.2 Encoding

The amplitudes of the Bnd Q components in the constellations shall maintain the relative values 1 al
tolerance oft0.06 relative to these values, as depicted in the constellation diagram of Figure 7.6-5.

ectively. The
single signal,

hd 3, with a

For operation at 51.84 Mbit/s, the encoding used shall be the code in Figure'7.6-4 with a symbol rate equal to

12.96 Mbaud.

For operation at 25.92 Mbit/s, the encoding used shall be the code in Figure 7.6-4 with a symbol rate equal to 6.48

Mbaud.

For operation at 12.96 Mbit/s, the encoding used shall be the eode in Figure 7.6-4 with a symbol rate equal to 3.24

Mbaud.
The encoder shall map four data bits into a symbol as shown in Figure 7.6-4. Bytes shall be mappe
layer into two four bit symbols. The first bit out of the T€\ayer into a given symbol shall be b0.

— increasing time_D

| Isb msbI TC layer
| 1 byte alignment

b2( b3| bo[ bH b4 by bd bl bk bR KO Rib2

L|_/¥_/

quadrant

point within quadrant

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

The signal constellation shall be as shown in Figure 7.6-5.
Eachdncoming group of 4 bits b(0..3) shall be differentially encoded into a symbol. The relative leve
amplitude of the symbols in each dimension shall be proportional to the four different4évateit3. The

H from the TC

s of the

thfferentiat-encodingstattbedone by first determimingthecorrent state as a functionmof the past st

e 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 bits b2 and b3. Symbol generation shall be as shown in Table 7-3.
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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
] ® 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 |- current state and
state phase rotation state phase rotation

DO 00 01 +7/2 10 00 11 +7
DO 01 11 + /2 10 01 10 +7
DO 10 00 + /2 10 10 01 +7
DO 11 10 + /2 10 11 00 +7
D1 00 00 +0 11 00 10 | +3r/2
D1 01 01 +0 19 01 00 | +3r/2
D1 10 10 +0 11 10 11 | +3r/2
D1 11 11 +0 11 11 0l | +3n/2

7.6.1.5.3 Network Device Active Output Interface

Thig section specifies the

e impulse response for the transmit filters
transmitted signal power spectrum
transmitter signal power,level
transmitter return lo§s

transmitter signal balance

7.6.1.5.3.1 Impulse_Response for the Transmit Filters

Theltime-domain<esponse of a square-root raised-cosine pulse with excess bandwidth paiamizten by:

sin[7_lz_t (1- a)]+4T“tcos[§ A+ )]

LIS
=)

9(t) =

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):
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. 4t
sin(r—
g()=—>T
(7

4t 6t
)+ (ﬁ) COS@E )

t at
D)7

where T is the symbol period.

1.25

AN Sgrt Raised Cosine

Impulse Response
75 + alpha=0.2

0.5 +

0.25 +

Normalized Amplitude

-0.25 - Time (U/T)

Figure 7.6-6 - Sqrt Raised Cosine Impulse.Response g(t) of the transmit filters.

The 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.
The output signal shall be defined as

S()=Y[ 1« f(t-nT) - Qe f(t nT]

with I, and Q equalto +1 or £3, independently from each other.
The in-phase.and quadrature impulse response of the transmit filters are shown in Figure 7.6-7.
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1.25 — In-phase and Quadrature
Impulse Response
Fc/Fs=0.8
(]
e]
2
2
IS
<
]
(0]
N
= 3 4
= ,
S Time (UT)
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).
Becfuse of the transmit filters’ impulse response being an infinite time response (finite bandwidth), the agtual

implilse responses of the transmitter will be an approximation of the abave equations over a fixed interval. For a

20%
filten

7.6.

| .5.3.2 Transmitted Signal Power Spectrum

excess bandwidth system, a filter span of [-4T,+4T] (informative.value) can be considered adequatg
in a 4 times oversampling implementation).

(32 taps

values in

The|Network Device Active Output interface shall have a{ower spectrum equivalent to the square root of a
rais¢d-cosine shaping with symbol frequengygénter frequency.fand 20% excess bandwidth.
The|symbol frequency and the center frequency depend upon the bit rate setting and shall comply to the
Table 7-4.
Table 7-4 - Dowristream spectrum allocation.
Downstream
Bit fate Bit rate Symbol rate| Lowest freq.| Center freq.| Highest freq.| c/s ratio roll-off
seffing|  Mbit/s fg fi fe Fh fo ! fs 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
¢ 25.92 6.48 2.5920 6.4800 10.3680 1.00 0.20
I 12.96 3.24 2.5920 4.5360 6.4800 1.40 0.20
Theltransmitted signal power spectrum, as measured at the Active Output Interface of the network devicg, shall

meg
poin

shal
The
20%

be applied.

t the power'spectrum template (as defined in Table 7-5) with lower and upper limits for attenuation a
ts in therdownstream signal bandwidth (as defined in Table 7-4). In-between these points, linear inte

power spectrum template puts requirements on the implementation accuracy of the square-root rais
roll-off filters and the analog filtering. The power spectrum template is defined as a function of the

several
polation

pd cosine

normalized frequency X,
where
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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
1o NLA, NA 30 rlB
-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 +1.0dB
+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.

The group delay distortion seen at the Active Output Interface, which is introduced on the downstream signal by

the network device analog output stage, shall be lower than 1/2 symbol period. This assumes that t
distortion is attributed to the analog filters only,

7.6.1.5.3.3 Transmitted Signal Power Leyel

A minimum and a maximum network device output power is defined.

e delay

The network device total output pewer spectrum density, measured over the spectrum mask definegl in Table 7-4,

shall be lower than the maximum ‘value of +15dBm.

The network device total output power spectrum density, measured over the spectrum mask definedl in Table 7-4,

shall be higher than the minimum value of -15dBm.
If the network device is driying copper pairs, the test load shall consist of a single-QX¥% resistor. For
frequencies less than100 MHz, the series inductance of the resistor shall be less than 20nH and th
capacitance shall be“less than 2pF.

If the network device is driving coax, the test load shall consist of a sinQle073% resistor. For frequen
less than 100,MHz, the series inductance of the resistor shall be less than 20nH and the parallel ca
be less than.2pF.

7.6.1.5.3:4 Transmitter Return Loss

The\Active Output Interface Return Loss specifies the amount of differential signal incident (for copq
coax) upon the AQl thatis reflected

b parallel

Cies
pacitance shall

er pair and

L

RL= ZOloggLi

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
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

"""""" L/

8 dB

”””” /2 Y //////

o-dB / ‘ ‘ ’ Frﬂ
Fc-0.6Fs Fc-0.4Fs Fc Fc+ 0.4Fs Fc+ 0.6Fs

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 requirgment is
met|over the specified impedance range. However, this does not preclude the use of cabling with a highg
impgdance tolerance.

=

7.6.1.5.3.5 Transmitter Signal Balance

Thig section only applies when the AOI of the network device is driving copper pairs.
OSBH is a measure of unwanted longitudinal signals at the output of the hetwork device. The longitudinal putput
voltage (Vcm) is monitored to the differential output voltage (Vdiff),while the generator in the device is agtive.

V..
OSB=20 |04ﬂ

cm

The|OSB, measured at the active output interface of the ‘network device shall be minimum 40 dB over th¢
freqpiency range equal to the downstream signal bandwidth as defined in Table 7-4. The OSB shall be mpasured in
accgrdance with [ITU-T G.117] and [ITU-T O.9].

7.6.1.5.4 Receive Functionality

The|receiver decodes the incoming sighal stream received from the user device Active Input Interface and
conyerts it into an equivalent bit stream for presentation to the TC sublayer.
Thq receiver shall require no morethan 500 ms to reach a state that achieves the BER specified in sectfon 7.6.1.2
fron] the time 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|decoding procéss shall be matched to the encoding process:
e constellation

7.6.1.5.6 _User Device Active Input Interface

Thig section specifies the

° impnlqp 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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7.6.1.5.6.2 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,
-35dBm.

If the user device is driven from copper pairs, the test load shall consist of a sirn@te012% resistor. For

shall be at least

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-

(infnrmmi\/p \/alnp) at the home side of the network termination (hnmp hmmriary) is considered app.

4, of -20dBm
opriate.

7.6.1.5.6.3 Receiver Return Loss

The Return Loss of the user device Active Input Interface specifies the amount of differential .signal
the All that is reflected.

The Active Input Interface Return Loss specifies the amount of differential signal incident (for coppe
coax) upon the All that is reflected.

RL= 20I04ﬁ‘
Z -2 ,

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 All return loss, measured at the active input interface of the<user device shall be at least 16 dB
passband and at least 8 dB in the transition band of the dowhstfeam signal bandwidth as defined in
user device All return loss mask is shown in Figure 7.6-9:

The return loss shall be measured for a resistive test ge@640 13%2 when driven from copper pairs and

Zc=65 to 8%2 when driven from coax. The return loss‘shall be measured while the implementation o
sublayer is powered.

A Return Loss

16 dB
"""""" T/
8 dB
"""" /A Y //////
0 dB j Freq
-
E¢c-0.6Fs Fc-0.4Fs Fc Fc+ 0.4Fs Fc+ 0.6Fs

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

Note: The termination impedance of the user device must be chosen such that the return loss requi
over thespecified impedance range. However, this does not preclude the use of cabling with a high
tolérance.

ncident upon

I pair and

in the
Table 7-4. The

the PMD

ement is met
er impedance

7.6.1.6 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@

T Fitter 7
_DData Symbol F cos| Band .
y | fc oscillator Pass _D Signal
nput Encoder Filter Output
sin| _2
Q Transmit
"D Filter —[)%—

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

The|symbol stream from the encoder is divided into two patasd Q, where.n‘designates th& symbol
peripd. The two symbol streams are sent to pulse-shaping half-Nyquist filters before quadrature modulatipn of the
I andl Q signal. The output of the cosine modulator and the negative-of the output of the sine modulator afe
sumimed into a single signal, the result passed through a band-pass-filter, and then transmitted onto the media.

7.6.1.6.2 Encoding

Thelamplitudes of the Bnd Q components in the QPSK constellations shall maintain the relative value 1, with a
toleffance 0f:0.06 relative to this value, as depicted in the constellation diagram of Figure 7.6-12.
For pperation at 19.44 Mbit/s, the encoding used shall be the QPSK code with a symbol rate equal to 9.742 Mbaud.
For pperation at 1.62 Mbit/s, the encoding used shall be the QPSK code with a symbol rate equal to 0.81] Mbaud.
For RQPSK, the encoder shall map two data bits.into a symbol as shown in Figure 7.6-11. Bytes shall be mapped
fron] the PMD sublayer data input (TC sublayer data output) into four two bit symbols. The first bit out of the

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

& _*  increasing time_D

Isb msh | TC layer
[ 1 byte alignment

bo[ b1f bO[ blf bgd bl 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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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.t
of the symbols in each dimension shall correspond to the leYelEhe output symbols In and Qn shallh

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

Qn
01 . |+ o 00¢— bO bl
-1I I+1 |
| l n
° —+ ®
11 2 10

Figure 7.6-12 - 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 signal power level
e transmitter-ramp-up and ramp-down timing
e transmitter return loss
e trafsmitter signal balance

7.6.1.6:3:¥ Impulse Response for the Transmit Filters

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

[1%]

SN (= )] T costE (Lr a)]
9(t = P e
Aty

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):
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: t 2t 3
sin(z——)+ (=) cos@t— )
o(t) = ”2Tt T 2T

2,
(r1-(5)

where T is the symbol period.

Normalized Amplitude

1.25 +
A/,, Sqrt Raised Cosine
Impulse Response
75 + alpha=0.5
0.5 +
0.25 -+
-4 3 2 \/f ) \s\/ 2 3 4

-0.25 - Time (UT)

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

Theloutput signal shall be defined as

S(1) :Z[ l,e g t—nT)ecos@zft)— Qe gt nTe sin@r f 9]

with[l,, and Q equal to +1, independently from*each other, anldg QPSK modulator’s center frequency.

Becfuse of the transmit filters’ impulse response being an infinite time response (finite bandwidth), the a
impulilse responses of the transmitter will he an approximation of the above equations over a fixed intervg
509 excess bandwidth QPSK system, afilter span of [-2T,+2T] (informative value) can be considered ad

(16

7.6

aps filter in a 4 times oversampling implementation).

.1.6.3.2 Transmitted Signal)Power Spectrum

The|User Device Active Qutput interface shall have a power spectrum equivalent to the square root of a
cosipe shaping with symbol frequengyhd center frequency. f

The

comply to the valties in Table 7-7 and Table 7-8. The upstream signal can be transmitted in the lower pa
spe¢trum (belowthe downstream signal) or in the higher part of the spectrum (above the downstream sig

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

ctual
l. For a
equate

aised-

symbol frequency,the center frequency and the excess bandwidth depend upon the bit rate setting and shall

t of the
nal).

Prdfile 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
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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

H - - ) (RN Y 4 (P (. S N P 2 | i =P Y P 2 A N | loo ")
PUNTS T U upoatrcdlill siylial DAarTuwiutlh (as UTiiiicu i Talic =7 Ul TdlIc 7=0 ). TTFUTIWTTITT UIToT U

interpolation shall be applied. The power spectrum template shall also be met during ramp-up and’r

the bursty upstream transmitter.

The power spectrum template puts requirements on the implementation accuracy of the square-roo
filters and the analog filtering. The power spectrum template is defined as a function of the‘-normaliz

The groupydelay distortion seen at the Active Output Interface, which is introduced on the upstream
user deviCe analog output stage, shall be lower than 1/8 symbol period. This assumes that the delal

f—f,
f /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 -1.0 dB 0dB +1.0dB

0 -1.0dB 0dB +1.0 dB

+1-o -1.0°dB 0dB +1.0dB

+1-0/2 31.7 dB -0.7 dB +0.3 dB

+1 -4.0 dB -3.0 dB -2.0 dB

+1+0/2 -10 dB -8.3dB -7.0 dB
+1+a, NA NA -30 dB
+1+30/2 NA NA -40 dB
+1£20 NA NA -40 dB
=+ +50/2 NA NA -50 dB

Noté: NA means the value is not applicable.

attributed to the analog filters only.

ints, linear
amp-down of

 raised cosine
ed frequency

signal by the
 distortion is

7.0.1.0.5.5

Transmitter POwWer Cevel

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 T|m|ng

Ra p down shall be deflned as the transmon from actlve to S|Ient transmltter
The[ramp-up byte as defined in section 7.6.2.2.3, is mapped into 4 QPSK ramp-up symbols, according tq the byte-
to-symbol mapping shown in Figure 7.6-11. Ramp-up of the transmitter shall be performed in the, time period
necgssary for the transmission of the first, second and third ramp-up symbol. Before the first ramp-up symbol, the
trangmitter shall be silent. During and after the fourth ramp-up symbol, the transmitter shall-be)active (se¢ Figure
7.6-1L4).
The|ramp-down byte as defined in section 7.6.2.2.3, is mapped into 4 QPSK ramp-down-symbols, accorfling to
the byte-to-symbol mapping shown in Figure 7.6-11. Ramp-down of the transmitter/shall be performed in|the time
peripd necessary for the transmission of the second, third and fourth ramp-down<&ymnibol. Before and dur|ng the
firstramp-down symbol, the transmitter shall be active. After the fourth ramp-dewn symbol, the transmitter shall
be dilent (see Figure 7.6-14).

Output Amplitude Range

™ Ramp-up byte| Preamble, Sync, Headet,|* Ramp-down byte
(4 symbols) Payload and FEC (4 symbols)
L~ \\
</ >
XX XX
AN S 4
L R00RRIIIRIIRIIRIIRIIARIIARHIAK »
', 3T\T/ 280T \T/ 3T\
N 7 DY 7 AN 7
Ramp-up time Burst Period ' Ramp-down time
L, Active Transmitter Period N
S 7

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

7.6.1.6.3.5 Transmitter Return Loss

The[Active-©@utput Interface Return Loss specifies the amount of differential signal incident (for copper pair and
coax) upon'the AOI that is reflected.

RL=20log=t—“c
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
””””””””” L
8 dB
”””” R Y i
o-dB / ‘ ‘ ’ Frz

Fc-0.75Fs Fc-0.25Fs Fc Fc+ 0.25Fs Fc+ 0.75Fs

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 longitudlinal output

voltage (Vcm) is monitored to the differential output voltage (Vdiff), while.the generator in the devics

Vdiff

cm

The OSB, measured at the output of the network device shall be minimum 40 dB over the frequenc
to the upstream signal bandwidth as defined in Table 7<7.or Table 7-8. The OSB shall be measured
with [ITU-T G.117] and [ITU-T O.9].
7.6.1.6.4 Receive Functionality
The QPSK receiver decodes the incoming QPSK signal stream received from the network device A
Interface and converts it into an equivalent’bit stream for presentation to the TC sublayer.
7.6.1.6.5 Decoding
The decoding process shall be matched to the encoding process:

e QPSK constellation
7.6.1.6.6 Network Device’Active Input Interface

This section specifies the
e impulseresponse for the receive filters
e receiver return loss

7.6.1.6.6.1 ' Impulse Response for the Receive Filters

The reeeive filters shall be matched to the transmit filters to avoid intersymbol interference.
Thereceive filters shall have the same impulse response as the transmit filters.

is active.

range equal
in accordance

Ctive Input

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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whe

RL= 20I04ﬁ‘
ZL - Zc ,

re 4 is the termination impedance angig 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

The return loss shall be measured with a resistive test load of Zc=85ont85 driven from copper pairs and

network device All return loss mask is shown in Figure 7.6-16.

Zc=65 to 8% when driven from coax.. The return loss shall be measured while the implementation of the PMD

subl

7.6.

At th
and
[1SC
Con

The
hard
excq

ayer is powered.

A Return Loss

16 dB

77777777777777777 e
8 dB

7777777 L R
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.

1.7 Media Interface Connectors

/IEC 11801] Category 3 or higher copper pair connecting hardware. An example of a Media Interfacg
hector Modular plug is shown in Figure 7.6-17.

8
67
5
34
12

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

Jack/Socket shall be a connector as specified in Section 4 and Figure 2 of [ISO 8877]. The connectq
wareused within this implementation of the PMD sublayer shall be an unshielded 8-contact jack ang
ed'the electrical requirements of [ISO/IEC 11801] Category 3 or higher copper pair. An example of g4

Inte

facé Connector Jack is shown in Figure 7.6-18.

28

e user device, copper pairs shall be terminated with a Media Interface Connector as specified in Segtion 4
Figure 1 of [ISO 8877]. This connector is an 8-pin Modular Plug RJ45-8 and shall meet or exceed the

=

meet or
Media
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21
6543
87

Figure 7.6-18 - Example of a MIC Jack.

The pins 4 and 5 of the RJ45-8 shall be used to connect the copper pairs, according to the/fISO/IEC
grouping and pin assignment recommendation (see Figure 7.6-19).

When shielded copper pairs are used to connect the user device, the Media InterfaceyConnector sh
However, the Jack/Socket shall not be shielded to avoid ground loops.

M

|
5

Signal at the us
device MIC jacK

unused
unused
unused
TX/IRX +
TX/IRX -
unused
unused
unused

D

Contact

!
1 2 3 4 6 7 8

JACK POSITIONS

O~NO O WN -

Figure 7.6-19 - Eight-position jack pin and pair assignments
(This illustrationis a front view of the jack connector).

A user device shall connect to coaxial cable using the F-type connector. The Media Interface Conneg
of the male F-type. The Jack/Sacket shall be of the female F-type.

7.6.1.8 Reference loops

The following referenee [00ps (including copper pair and coax parts) define limiting conditions for th
of the Physical Interface (PMD and TC sublayer).
In case the Physical'Medium is copper pairs, sections of multi-pair distribution cable shall be assum

11801] pair

all be shielded.

ctor shall be

e application

ed to be 100%

filled with UTR.Systems carrying the Physical Interface signals. These Physical Interface signals shall all be

conveying the-same data-rate (see section 7.6.1.1).
The reference loops are made up of two parts:

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

Z - 1 .01 Raofaran
U, L.0. 1L \TITTI T

[l n-for-Capibeair-Pair-ateid nlant Aoty b oo PN
CITTILT LUUY TUT CUPPMTT T Al UULSTUT Jialit Uistmvutiult oTutiur

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
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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
B0 [

25 1 T

)

0

0+ - -

ya

151 O
10+ T

5 .
PTropTtoss (U

0o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 <6717 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 tharn 30dB.
The|Equal-Level far-end crosstalk (EL-FEXT) shall be characterized as:

(49/ N)™®

EL - FEXT=10log
¥t 2d
with N equal to the number of disturbers (N<50)
¥ constant equal to 2.623%10
f equal to the frequency-in MHz
and d equal to the loop:length in meters
Figure 7.6-21 shows the theoretical definition of EL-FEXT. Assume that the two sine-wave generators bath

trangmit the same sine-wave with'the same frequency f and amplitude V.

Cable

/\ \
A R R
Pair i FEX, « X
® \WV > /] \, A~

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

50 -

N
o
|

w
o
|

EL-FEXT (dB)
N
o

=
o
I

o

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

The reference loop shall be defined as a single section of 100m coaxial cable of type RG59.
The 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

This section only applies to in-home distribution over coax.
A first reference loop shall be defined-as (see Figure 7.6-23)

e 30m coax terminated by-user device
RF 1:2 splitter at 10m.from 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 sfubs.
Bounce fre€ 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 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)
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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.

other user devices (see section 7.6.2.1.4).

' premises boundary

Bounce free connecting or disconnecting of a user device shall not cause a frame sync loss to the

For
The
The
than
7-7.
The
less
Tab
Eac
ata
The
in th
The

S 10
— LUTTH user
device
- 10m 20m user
:_@_ device
| 30m user
device
30m
|| user
device

Figure 7.6-24 - In-premises coax reference [oop 2.

both reference loops, the coax cable characteristics shall be @f the RG6 type.
labels “input port” and “output port” shall be defined as applicable to the downstream signal.

4 dB, measured on an RMS basis for each of the different bit rate settings, as shown in Table 7-4 a

coax splitter in the second reference loop shalleexhibit an insertion loss (input to output port and vice
than 8 dB, measured on an RMS basis for each of the different bit rate settings, as shown in Table 7
e 7-7.

n of the coax splitters in both referenceNoops shall exhibit a notch of 15 dB depth in absolute propag
Ny center frequency in the 1.5 to 4.5*MHz range.

e range of 1 to 5 MHz and of ateast 12.0 dB in the range of 5 to 40 MHz.
input port of the coax splitters in both reference loops shall have a return loss complying to the retur

The|output ports of the coax\splitter in both reference loops shall have a return loss complying to the ret

defi
The
a sif
than

7.6.
Thig

defiIition of the Active Input Interface of the user device (Figure 7.6-9).

ition of the Active Inputinterface of the network device (Figure 7.6-15).
return loss of a part'shall be measured with the other ports properly terminated. The test load shall ¢
gle 79+0.2%.resistor. For frequencies less than 100 MHz, the series inductance of the resistor shal
20nH and the parallel capacitance shall be less than 2pF.

| .8.4 Reference Loops for Copper Pair in-premises distribution

section only applies to in-home distribution over copper pairs.

coax splitters in the first reference loop shall exhibit an.insertion loss (input to output port and vice versa) less

nd Table

versa)
-4 and

ation loss

coax splitters in both reference loops shall have a port-to-port isolation between output ports of at leqast 3.0dB

N loss

rn loss

pnsist of
be less

The

reference loop shall be defined (see Figure 7.6-25)

32

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.

other user devices (see section 7.6.2.1.4).

Bounce free connecting or disconnecting of a user device shall not cause a frame sync loss to the
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NT premises boundary
s |
—cgrcgo user
‘ device
—5<2:0><rgooooc user
coax or ‘ device
copper pair | 30m user
C‘ COOCOOO (evice
I
‘ device

Figure 7.6-25 - In-premises copper pair reference loop.

The copper pairs shall have characteristics of the Category 3 type, as defined in [ISO/IEC 11801].
The labels “input port” and “output port” shall be defined as applicable to the.dawnstream signal.
The copper pair splitter in the reference loop shall have a port-to-port isolation’between output portg
dB over the downstream and upstream frequency range as defined in Table 7-4, Table 7-7 and Tab|
The copper pair splitter in the reference loop shall have an insertion 19sS (input to output port and vi
than 8 dB, measured on an RMS basis over the downstream and upstream frequency range as def
4, Table 7-7 and Table 7-8.

The input port of the copper pair splitter shall have a return lossycomplying to the return loss definiti
Active Input Interface of the user device (Figure 7.6-9).

The output ports of the copper pair splitter shall have a return loss complying to the return loss defin
Active Input Interface of the network device (Figure 7.6-15).

of at least 25
e 7-8.

Ce versa) less
ned in Table 7-

bn of the

ition of the

The return loss of a port shall be measured with the-other ports properly terminated. The test load for a copper pair

port shall consist of a single 1280.2% resistor. The test load for a coax port shall consist of a singted
resistor For frequencies less than 100 MHz, the;series inductance of the resistor shall be less than
parallel capacitance shall be less than 2pF.

7.6.1.9 Rates and Reach

For Profiles A, the all-coax referefice loop applies (100 m drop + 30 m in-home). For profiles B, C a
upstream signal in the higher frequencies, any mix of the outside coax or twisted-pair reference

8%
PONH and the

nd D with the
loop with the

inside coax or twisted-pair reference loop applies. For profiles B, C and D with the upstream signal in the lower

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

eference loop

This shall be confirmed’by measuring at least 6 dB margin at a bit error rate after error correctiooé 10

measurement shall.be performed in the presence of white Gaussian noise at the receiver input with
density of -140-dBm/Hz.
7.6.1.10- Impulse Noise

The implementation of the PMD sublayer of the Physical Interface shall recover without operator int
whén(subjected to a 0.5kV impulse noise (fast transient) as described in Level 2 of [IEC 801-4]. The

power spectral

Brvention

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

7.6.1.11 Electromagnetic Compatibility

7.6.1.11.1 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.

e 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.

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

co on-mode reiecter ora null inserter
J

Table 7-10 - Characteristics of 0.5 mm UTP drop wires
Source: BT contribution TD55 of TM3 meeting in Rome in October 1994
DW10
f (kHz) R (€/km) L (uH/km) C (nF/km) G (mS/km)
5 191 724.63 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
5000 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 59.61 224.12
Table 7-11 - Characteristics of O;5mm distribution cables
Source: BT contribution TD55 of TM3 meeting in Rome in October 1994
DWUG
f (kHz) R (@Q/km) L (uH/AKkm) C (nF/km) G (mS/km)
5 179 694.81 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
500 316 661.64 55.27 0.385
1000 438 640.00 55.25 0.789
5000 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 of the
trangmission medium characteristics. Most of the functions comprising the TC sublayer are involved with
gengrating and processing the overhead bytes contained in the data framing, as described in this sectior]. 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 fransmitted Tirst. The Tast FEC byte shall be the Teast significant byte of the RS code w¢rd and shall

be transmitted last.

The user device shall use the error correcting capability to correct up to 4 bytes per RS code word.
code word contains uncorrectable errors, the 58 ATM data bytes shall still be passed to the cell spe|
sublayer functions (see section 7.6.2.5).
The Reed-Solomon code generator polynomial and field generator polynomial shall beas described
7.6.2.3 with N and K set to implement an RS(66,58) code.

To increase the error correction performance, RS code words may be interleaved before mapping
downstream frame. When applying interleaving to the RS code words, long datal erasures can be cq
RS decoder. The deinterleaver spreads the erased data over many RS code‘words, such that the n
corrupted bytes per code word remains within the correction power of the RS decoder. Depending ¢
medium, impulse noise conditions and end-to-end delay requirements;the Interleaving Depth (D) is
appropriate value by the network device (see definition of FEC format byte in downstream frame he|

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 TC lay
randomizer(shall be implemented in the network device, the derandomizer shall be implemented in
device:

The network device randomization shall be performed before RS encoding and shall comply to (seg
27):

n case an RS
cific TC

in section

hem into the
rrected by the
Limber of

n the physical
setto an
ader).

er. The
he user

Figure 7.6-

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)

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

Byte Output

Figure 7.6-27 - Network Device Data Randomizer.

Byte Input

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

Byte Output

Figure\7.6-28 - User Device Data Derandomizer.

Both the downstream frame header and the downstream frame payload shall be randomized using the ngtwork
device randomizer characterization (see Figure 7.6-27). However, the header randomizer and the payloa
randomizer shall be impleémented separately. The header randomizer shall have 96 bit randomizing cyclgs per

downstream frame by randomizing 12 header bytes (the whole header excluding the two SYNC bytes and the four
FE( bytes). The payload 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 header §nd
paylpad randemization shall be continuous over all downstream frames.
Sinde a self-synchronizing (de)randomizer is used with a continuous (non-bursty) signal, the (de)random|zer can
be ipitialized to a random value. The initialization of the (de)randomizer shall only done at reset or power|up.

Initiglization at a random vaIue results in a better decorrelatlon of downstream signals, and thus, better FEXT

o

Care shaII be taken not to dlsturb the byte frame on the data trafflc 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)

UFP,

—

Upstream Frame Period

Downstream

ds frames per superframe (#DS/SF)

Downstream Frame Peri DFP

[={®]
L

Superframe Period

K

Figure 7.6-29- Superframe related definitions.

Depending on the bit rate setting, the superframe has a different transmission time. Feneach of the
A, B, C and D, the timing diagram and the number of downstream and upstream ffames carried in g
are shown in Figure 7.6-30.

Superframes in bold Frames in thin-line

PN
LI

A ds]
A US

Bds |
B us

Cds]|
Cus

D ds]| e
D us

Time

—>

1000 1250 1500(us)
1125 1375

750
875

500
625

250
125 375

0

Figure 7:6-30 - Superframe and frame timing for bit rate settings A, B, C and D.

The network deviee shall align the downstream frame time alignment with its 8 kHz network clock
Figure 7.6-31.<This allows the user device to recover the 8 kHz network clock by upsampling the fra
(8, 4 or 2 kHz):

The user-device shall derive the upstream frame time alignment from the downstream superframes|
upstream*frame (as seen at the user device active output interface) starts O up to 4 upstream symb

bit rate settings
ne superframe

as shown in
me frequency

such that each
pls after the start

of the"downstream superframe (as seen at the user device active input interface). The start of a gownstream and

upstream frame shall be defined as the center of its first symbol period. Downstream and upstres

m symbols are

As8finod in CSantinne 61 L and 7616 racnae

uclillcd In SC\.’LIUIIQ 7 V. L. AU 7.V, L.U IU\JPC\:{IVCI_Y
In case multiple upstream frames are transmitted per downstream superframe, these margins shall
following time intervals after the start of each downstream superframe (see Figure 7.6-31):
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7.6.

The
byte)
Tab

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.

P.1.4 Downstream Frame Header Byte Definition

values (except the SFSC counter and the FEC bytes). The allocation of the header bytes shall be a
e 7-13. Byte 0 shall be transmitted first.

Table 7-13- Allocation of the frame 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
Bytq 0-1: Sync 1 and Sync-2
The|Sync 1 and Sync 2 bytes are the frame sync word and shall have fixed values.
Syng 1 = F6 hex, Sync.2-= 28 hex.
Thelframe sync wofd allows frame delineation in the user device. The frame delineation algorithm is bas
Syn¢_Event (Syne l and Sync 2) and shall be as shown in Figure 7.6-32:

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

¢ Transition of “Presync” to “Sync” state when the frame sync word is found at the expected loca
times consecutively.

frame header shall consist of 18 bytes. All frames within the same superframe shall have the same header

5 shown in

bd on the

tion 7

ion 6
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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.

The frame delineation process is similar to the ATM cell delineation process described in segtion 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.processing at the TC

layer level in the user device. The operation of the PMD sublayer (including demodulator and symbgl 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 bit 1 bit 0
[ ub | uope] [ upbps] | ub4] | ub@El | ube] | ubpl] | ubjo] |

Byte 4: Frame Format
The Frame Format byte shall contain the superframe definition: superframe period (DFP), number df downstream
frames per superframe (#DS/SF) and the number of upstream frames per superframe (#
US/SF). 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
Reserved Reserved DFP 1 DFP O #DSISF|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)y} = 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

Reserved bits shall be set to 0.
The superframe definition for the pessible bit rate settings shall be as given in Table 7-14.

Tabley/-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:b:FEC Format
The FEC 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 segtion 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.

Bytg 7: Data Link Address

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

(ID[3..0]).
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|reserved commands shall not be used by the network device.
The|network device transmit power is encoded into a byte indicating 256 power levels. The upper level 2b5 shall
correspond with the maximum transmit power of +15 dBm. The lower level 0 shall correspond with the mjnimum
trangmit power of -15 dBm. Linear interpolation shall be applied for the other levels. There shall be a maximum

peripd of 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
[ com3] | come] | comial | comioj | D3] A be; | by | iojo] |

The|Device ID value ranges from 0 to 15. If the Device\lD is 0, the Data Link command shall be interpretgd by all
usels devices (broadcast). If the Device ID is 15, theyData Link command shall not be interpreted by any|user
device. For other Device ID values (1 to 14), the Data Link byte shall be interpreted by the user device tg which
this Pevice ID is allocated.
Aftef a reset command is sent to a particularuser device, grants shall no longer be allocated to this user[device.
Theluser device shall restart the procedure to get a Device ID allocated, just as it does after power up (sign-on
cycle), to get grants allocated again.
Aftef a transmitter shutdown is sentito a particular device, grants shall no longer be allocated to this user|device.
Theluser device shall no longeroutput any upstream data (silent transmitter) until it is reset through the gommand
des¢ribed above (resulting infa sign-on procedure) or until it is going through a sign-on cycle for any other reason
(e.g] through user intervention). After sign-on, the user device gets grants allocated again.
Bytd 8: Data Link Byte

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

it 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
[ Oun foie [ ous) | b4 | b o] [ oifyy  Joifo] |

Bytd 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 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit O
| gc1 | Gc2 | Ge3 | GC4 | Reservel Resernved SFSA[1]  SFSE[0]

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 1D equal
to 15 (closed grant).

The Device ID value ranges from 0 to 15.
If the device ID = 0, the upstream frame may be transmitted by any user device (optional upstream fesponse for
all user devices, collision possible).

If the device ID = 15, no upstream frame shall be transmitted by any user device (closed grant).
If the Device ID is in the 1 to 14 range and it is not opened for sign-on, a valid upstream frame shalllbe
transmitted by the user device to which this Device ID has been allocated (mandatory upstream response for the
granted user device). A valid upstream frame may contain an idle ATM cell. In.case this Device ID has not been
allocated to any user device, no upstream frame will be transmitted.
If the Device ID is in the 1 to 14 range and it is opened for sign-on (through'the GC bit=1), the upstream frame
can be used by a new user device for sign-on (see section 7.6.2.4). If110 new user device does so, ho upstream
frame will be transmitted.

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
| UERR| CERR| PLC1I| PLCO| D[3L.I< 0[21 ] ofa | 1D[o] |

The granting and acknowledgment mechanism implemented in the bits ID[3..0] and U_ERR, C_ERR, PLC1 and
PLCO is shown in Figure 7.6-33 (bit rate setting A),\Figure 7.6-34 (bit rate setting B), Figure 7.6-35 (bit rate
setting C) and Figure 7.6-36 (bit rate setting D). Grants given in each of the downstream frames (DF)"bf the (n)
superframe (SF) are used for the upstream frames (US) of thé' gupBrframe. These upstream frameq of the
(n+1)*" superframe are acknowledged in each of the downstream frames of tHequp&)frame.

SF(n) SF(n+1) SF(n+2) SF(n+3)
[0s1]us2[usd usdusius2[usd usfusilus2[usd usfusilus2[us] us!
'NINIKY
4 acks
[} 4 grants v
\_Ds1 DS1 DS1 DS1

Figure7.6=33 - Granting and acknowledgment of upstream access for bit rate setting A.

SF(n) SF(n+1) SF(n+2) SF(n+3)
Usl Usl Usl Usl
by 3 copies
3 copies 1 ack
A A A
T T T L1 grarit
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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Emitted in the second previous superframe in the network device:

CK).

ce. Whenever the upstream frame is accepted by the network device, the corresponding U_ERR bit
0 0. The U_ERR bit being set to 0 shall correspend to a positive acknowledgment of the upstream frame

i" upstream frame transmitted in the second previous superframe in the network device:

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)

“+ [ w

3 copies

w n* [
3 copies

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

4 acks

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

U_ERR and C_ERR bits of thB (n=1..4) grant byte shall indicate the error status.of thepstream frame

U ERR=0 C_ERR=0 no errors detected

U ERR=0 C ERR=1 correctable errors

U ERR=1 C ERR=0 uncorrectable errors

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

upstream frame contains uncorrectable errors, the upstream frame shall be discarded by the netwo
never the upstream frame is discarded by the network device, the corresponding U_ERR bit shall bg
U_ERR bit being set to 1 shall correspond to a negative acknowledgment of the upstream frame rec

upstream frame contains no errors or correctable errors, the upstream frame shall be accepted by t

ption (ACK).
Power Level Control (PLC1, PLCO) bits of ff&(n=1..4) grant byte shall indicate the power level statug

00
10
11
01

the user device shall maintain the upstream power at the same level
the user device shall de¢rease the upstream power by one level

the user device shall increase the upstream power by 1 level

the user device-ean choose to perform one of the above actions

een 0.75dB and 1.25 dB.

14-17: FEC bytes

4 FEC bytes are caleulated over the bytes 2 to 13, using the Reed-Solomon RS(16,12) code. Bytes
lownstream fratne header shall compose an RS(16,12) code word, with byte 2 being the most signifi
e code word ‘and byte 17 being the least significant byte of the code word.
user devjee'shall use the error correcting capability to correct up to 2 bytes per downstream frame h

P.3 with-N and K set to implement an RS(16,12) code.
ppt for the SFSC counter and the FEC bytes, all frame headers within a superframe shall be identica

k device.
setto 1.
Eption

e network
Shall be

of

ncrement or decrement of the’power by one level shall correspond with a power increment or decrenjent

P to 17 of
cant byte

pader.

Reed-Solomon code generator polynomial and field generator polynomial shall be as described in s¢ction

. This

with the

give

tHe user-device-multiple-chances (if #DS/SE > 1) to receive-the frame-header. The-header receive

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)

7.6.2.2.2 Upstream data randomization/derandomization

A self-synchronizing randomizer/derandomizer shall be provided in the implementation of the TC lay
randomizer shall be implemented in the user device, the derandomizer shall be implemented in the
device.

The user device randomization shall be performed before RS encoding and‘shall comply to (see Fig
D}, = Da®D;, @Dy,

The network device derandomizer shall be performed after RS decoding and shall comply to (see F

D), = D@D @D >

out

Byte Input

(LSB first)

> > ... > ...
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.

er. The
network

ure 7.6-38):

gure 7.6-39):
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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

Figure 7.6-39 - Network Device Data Derandomizer.

The|randomizer shall have 456 bit randomizing cycles per upstream frame by randomizing.the 4 header pytes and
the $3 ATM cell data bytes in the payload.
Conkidering the bursty character of the upstream data in a point-to-multipoint environment, the randomizer and

dergndomizer shall be applied on a single burst basis. Randomization and derandomization shall start with the first
bit of the first byte of the header of the upstream frame and stop with the last bit\of'the last byte of the ATIM cell

contained in the upstream frame. Both the randomizer and derandomizer shall be initialized to “all ones” pefore

(de)fandomizing an upstream frame.
Caré will be taken not to disturb the byte frame on the data traffic. The byte-parallel data stream is first converted
in afserial stream with convention 'least-significant-bit-first' before it is.applied to the (de)randomizer. After
(de)fandomization, the byte-parallel stream is restored with the same convention.

7.6.2.2.3 Upstream Frame Header Byte Definition

Thelallocation of the 75.9375 bytes in the upstream frame'shall be as given in Table 7-15. Byte 0 shall b
trangmitted first.

\174

Table 7-15 - Allocation of the frame bytes.

Byte Name Byte Name
0 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 FEC5
6 Data Link Address 68 FEC 6
7 Data Link Byte 69 FEC 7
8 Alafm)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 bytes are included in the upstream frame to allow buisty

upstream frame reception in the network device. These bytes can be used by the implementation of the PMD
subl ' Te (i i i fZati am 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.
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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 it 6 bit5 bit# it bit2 bitt bit©
[ com3] | compe] | comiay | comioj | 03] | bje] | by | oo} |
The Command Bits interpretation shall be:
0 Idle command
1 Sign-on upstream frame

2-14  Reserved

15 Data Link Byte = User Data
The Device ID shall only take the values 1 up to 14. In case the frame was granfed for user devices
have an ID yet (sign-on grant, GC bit=1, see section 7.6.2.1.4), the Data Link-Address device ID sh
grant value the user device responds to (also in the 1 to 14 range).
Byte 7: Data Link Data
The Data Link Data byte shall be made available by the deframer iniplementation for further proces
layer level in the network device. Up to 14 parallel upstream Data Link channels shall be processed
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 o7 | oue) [ bus) | b4 | puz]~ [ o] [ oijy  Joio |

Byte 8: Alarm/Control

bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0
|  AIS | Reserved] Reservefi HIST| UHDR CHDR UPLpP CPUD

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.

A user device shall allocate U HDR, C_HDR, U_PLD, C_PLD to every downstream superframe it r

which don’t
all be set to the

5ing at the TC
in the network

pceives:

The U_HDR(n)\bit shall be set to 1 if and only if at least one uncorrectable frame header ¢rror 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 header ¢
received in the hdownstream superframe.
ThehU/PLD(n) bit shall be set to 1 if and only if at least one uncorrectable payload er
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 has
in the deinterleaved (n-Bownstream superframe.

Since the payload of the superframes has to be interleaved before any error can be reported on

rror has been
for has been
been received

in the upstream

direction, a delay of a fixed number (d) of downstream superframes is introduced in the defi

hition 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*(1 -9 }
| 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
indigatiom©D{3-6t:
Theluser device shall implement a relationship between QDJ[3..0] and the actual queue filling level (QEL)|of its
outpdut 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 of the Phygical
Intefface specification.

Dit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 biv0
[ AREB [ PRE2I | PREA] | PRO] | oD[3 | oD[2] | ob[1 | "“oDo] |

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

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

Bytgq 63-70: FEC
The[8 FEC bytes shall be calculated over the bytes 60 62 (upstream frame header and payload), using p (65,57)
Reefd-Solomon code. Bytes 6 to 70 of the upstreanidrame shall compose an RS(65,57) code word, with byte 6
being the most significant byte of the code word and byte 70 being the least significant byte of the code word.
The|network device shall use the error correcting capability to correct up to 4 bytes per upstream frame.
The|Reed-Solomon code generator polynomial and field generator polynomial shall be as described in s¢ction
7.6.2.3 with N and K set to implement an\RS(65,57) code.
Bytg 71: Ramp-down

The|ramp-down byte is introduced te provide a ramp-down transition time for transmitter shutdown at thel end of
the ypstream burst.

The|Ramp-down byte can be(setto an arbitrary value.
Bytq 72-74.9375: Gap

The|Gap bytes provide.a-guard time between consecutive upstream bursts from different user devices. Since the
cable length between(the network device and each of the user devices may vary, the upstream burst pogjtion
with|n the upstreamframe can be jittered. The guard time is such that consecutive upstream bursts do nt overlap.
The|guard time is'5.2% of the total upstream frame period.

7.6.R.3 Reed-Solomon Codes and Convolutional Interleaving

7.6.234 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 powersaficep is a root of the binary primitive
polynomial.
An RS(N,K) code word shall be defined as a function of the K data bytes as:

X" (X0 + [X (" X)] MOD

where the K most significant bytes (coefficients $fneN-K..N-1) correspond to the K input data bytes,|and the
N-K least significant bytes (coefficients df x=0..N-K-1) correspond to the N-K-gutput FEC bytes.
Because the data byte identification is defined within the Galois Field with.256 elements, RS(N,K)
encoding/decoding shall be implemented as a shortened RS(255,255:N+K) code. At the encoder sifle, 255-N
bytes, all set to 0, are appended before the K data bytes at the input of the RS(255,255-N+K) RS encoder. These
appended bytes are discarded after the encoding procedure.
The error correcting power of an RS code word is related to thexdaumber of FEC bytes in the code wprd. The
number of bytes “t” which can be corrected per code word is-defined|4bl€/2, wherd x ] denotes
truncating to the lower integer.

7.6.2.3.2 Convolutional Interleaving

To increase the correction power of the RS codes, the code words can be interleaved before transmission. The
convolutional interleaver is defined by two parameters (see also [ANSI T1.413)):
I interleaver block length
D interleaving depth
The block length (1) is equal to or a subimultiple of the Reed-Solomon code word length (N). The cc%volutional

interleaver uses a memory in whichia-block of | bytes is written while an (interleaved) block of | bytefs is read.
The interleaving depth (D) is the number of blocks (I bytes each) kept in the interleaver memory to perform the
convolutional interleaving. The . same interleaving memory (D*| bytes) is needed for interleaving and
deinterleaving.
The convolutional interleavirg introduces an absolute read to write delay which increments linearly with the byte
index within a block of+, bytes:

read/write delay (bytes) (D-1)* withj=0 .. I-1.
A simplified implementation of convolutional interleaving can be achieved when the read to write dejay
increment (D-1) iS"a multiple of the interleaver block length (I). The (D-1) to | ratio is the Interleaving Depth
Parameter_(M)- The characteristics of convolutional interleaving are shown in Table 7-17. An examgle of
(de)interleaver parameter settings | and M is shown in Table 7-18.
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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.

Dpwnstream Interleaver Interleaving (De)interleaver Erasure End-to-End
bit rate Parameters Depth Memory Size Correction Delay.
(I, M) (D)
51.84 Mbit/s =33 1024 blocks 16368 bytes 2048 bytes 32736 bytes
M=31 of 33 bytes 316us 5yl msec
25.92 Mbit/s =33 496 blocks 7920 bytes 992 bytes 15840 bytes
M=15 of 33 bytes 306us 4.9 msec
12.96 Mbit/s =33 232 blocks 3696 bytes 464 bytes 7392 bytes
M=8 of 33 bytes 2875 4.6 msec
Note 1: The example in the table above does not take into accountthe header bytes of the
downstream frame.
Note 2: For the example in the table above, the M parameteris chosen to correct erasures 0
300us. Depending on the physical medium and the impulse noise conditions, another value
be more appropriate.
Thelexample in Figure 7.6-40 shows I=7. | parallel branches‘(numbered 0..1-1) are implemented with a d

incrg
dein

corrpsponds to the smallest deinterleaver delay. Deintérleaver synchronization is achieved by routing the
of an interleaved block of I bytes into branch O.
0 0 ™ MM o
1M MMM 1
n 2 MM MmMMM 2R out
i " [um
MMM Channel MM
-2 M MM RE
\I-l MMM MMM o I-1/

ement of M per branch. Each branch is a FIFO shift register (delay line) with length 0*M..(I-1)*M byte
terleaver is similar to the interleaver, but the branchuindexes are reversed so that the largest interlea

f about
might

blay

5. The

er delay
first byte

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 access to (see
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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)
The user device accepts the sign-on grant as its Device ID and transmits an upstream sign-on burst
with COMJ3..0] = 0001 (sign-on command)
ID[3..0] = accepted grant value as Device ID
DL Byte
Alarm/Control

abrwnhE

Queue Depth

Payload is don't care (arbitrary)
6. The user device monitors the ACK bit (see section 7.6.2.1.4) to see if the sign-on_hursf was received

by the network device. If the sign-on burst failed, the user device increases the transmlt power with
at max 1 dB, skips a random number of sign-on grants (0..7) and goes back 10"point 4.|If the sign-on

burst succeeded, the user device considers itself as signed-on and shallfrom this monpent on only
respond to the allocated Device ID.
When a sign-on burst succeeds (no unrecoverable errors), the network device shall"start generating (non-collision)
grants for the allocated Device ID. The time in-between two consecutive grants for a particular Device ID of a
particular signed-on User Device shall not be higher than 125ms.

7.6.2.5 Cell Specific TC Sublayer Functions

7.6.2.5.1 HEC Generation/Verification

The HEC Generation and Verification described in this sectian, shall apply to both the downstream and upstream
transmission of ATM cells.
The entire header (including the HEC byte) shall be protected by the Header Error Control (HEC) sgquence. 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 belimplemented as defined in [ITU-T 1.432].
The HEC byte shall be generated as déscribed in [ITU-T 1.432], including the recommended modulg-2 addition
(XOR) of the pattern 01010101b to‘the' HEC bits.
The generator polynomial coefficient set used and the HEC sequence generation procedure shall bg in accordance
with [ITU-T 1.432].

7.6.2.5.2 Cell Randomization and Derandomization

ATM cell randomization' permits the randomization of the cell payload to avoid continuous non-varigble bit
patterns and improve’the efficiency of the cell delineation algorithm.
The downstream ATM cell randomizer polynomial and procedures shall be as defined in [ITU-T 1.432] for SDH
based transmission.

Upstream ATM cell randomization shall not be applied.

7.6,2:5:3 Cell Delineation
Thecell delineation function permits the identification of the cell boundaries in the payload. It is based on a

t,uu'illg taw uaillg theHeaderError-Controt (HEC) fretdHnthe—cetrtreader:
The ATM cell delineation algorithm implemented in the ATM user device (downstream data reception), including
the 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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Figure 7.6-41 - ATM cell delineation state machine.

ream media access is performed on cell basis. Therefore, the cell delineation implemented in.the ne
Ce (upstream data reception) is performed through the upstream framing, as described in section 7.6
efore, the implementation of an ATM cell based delineation in the network device is notneeded.

Passband Unidirectional PHY on coax

width). It is referred to as QAM-link on HFC (Hybrid Fiber Coax).
Physical Layer Interface describes the complete physical layer structure{i.e. framing structure, char
hg and modulation for the carriage of S1 and S2 information flow. Physical layer and framing specifig
common to both information flows.

ets and the other is carrying ATM cells. Each of these framing/Structures shall be used uniquely per

er. The STB shall support at least one of these framing structures.

mmary of the spectrum allocation for the unidirectional PHY-on coax is depicted in Figure 7.7-1.
receiver in the STB shall operate over the entire specified-frequency range. The transmitter in the ag
operate within the specified frequency range.

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.

he unidirectional PHY on coax, a combination of quadrature amplitude modulation (QAM) and a mul
ing structure is specified. QAM is specified due to its performance characteristics with respect to sp4g
ency. Three levels of modulation, 16 QAM, 64 QAM and 256 QAM, are defined to allow flexible
Pmentation.

Physical Layer Interface supports unidirectional transmission over radio frequéency coax (up to 1GHz

twork
2.2,

~

nel
ations

frame structures are provided for downstream data transmission.,One is carrying MPEG-2 Transpolit Stream

RF

cess node

fi-rate
ctral

1.7.

The

50

1 Encoding/Decoding Process

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).
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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

depth of the 256 QAM interleaver can be 12 or 34 rather than the depth of 204.

7.7.1.1.1.5 Byte to m-tuple conversion

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

7.7.1.1.1.6 Differential encoding

—

In ofder to get a rotation-invariant constellation, this unit shall apply a differential €ncoding of the two Mo$
Significant Bits (MSBs) of each symbol.
7.7.1.1.1.7 Baseband shaping

Thig unit performs mapping from differentially encoded m-tuples to 1. andQ signals and a square-root raiged
cosine filtering of the | and Q signals prior to QAM modulation.

7.7.1.1.1.8 QAM modulation and Physical Interface

Thig unit performs QAM modulation. It is followed by interfacing the QAM modulated signal to the Radio
Frequency (RF) cable channel.

7.7.1.1.1.9 Cable receiver

A System receiver shall perform the inverse signal processing, as described for the modulation process above, in
ordgr to recover the baseband signal.

7.712 MPEG-2 Transport Stream

The[MPEG-2 Transport Stream,is defined in [ISO/IEC 13818-1]. The Transport Stream for MPEG-2 datalis
comprised of packets having 288-bytes, with one byte for synchronization purposes, three bytes of headgr
containing service identification, scrambling and control information, followed by 184 bytes of MPEG-2 of
auxiliary data.

7.7)3 Asynchrongus Transfer Mode (ATM) Stream

The]Asynchronous Transfer Mode stream is defined in [ITU-T 1.361]. An ATM stream is comprised of pagkets
havipg 53 bytes, with a five byte header including connection identification and header error control, follojved by
48 Pytes of,ATM payload.

7.714 meing structure when rnrrying 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

or 187 bytes RS(204,188)
Sync n

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

//// ////
Sync 1 Sync 1
or 203 bytes or 203 bytes
// | Syncn Syncah //
r7/ r7/

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

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

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

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

ATM cells can be carried withinrthe MPEG-2-TS as a Private Data Stream. The PID for the ATM str
identified by MPEG-2 stream type OxC1

The cell delineation function permits the identification of the cell boundaries in the payload. It is bas
coding law using the Header Error Control (HEC) field in the cell header.

The ATM cell delingation algorithm implemented in the ATM user device (downstream data receptid
the cell 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 and
Downstream-"ATM_CBD. The Program_Number and Frequency is obtained from the Downstream |
The VRIAN/CI is obtained from the Downstream_ATM_CBD. The Downstream_ATM_CBD Frequenc
match'the Downstream_MPEG_CBD Frequency; the Downstream_ATM_CBD Type shall be QAM.

Pam is
bd on a
n), including

MPEG_CBD.
y shall

72.5 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 synch

ronization 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
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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.

The

A trd

byte)
synqg
reco

Defi

ATM

SYNC PAYLOAD
Packet n 1 byte 187 bytes ATM transport MUX packets

SYNC PAYLOAD (two-packet sequence)
Packet n+1 [ 1 pyte 187 bytes

( ATV cells + 5 control bytes per two-packet sequence |
K 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
Packetn+l | 1 pvte | 26 bytes 53 bytes 53 bytes 53 bytes {byte

SYNC

PAYLOAD

CTRLO

CTRL1

CTRL2

E (error)

P (priority)

dep

SSSSS (stuffing)

Figure 7.7-4 - Framing structure when carrying ATM.

fields in the ATM transport MUX packets are defined as:

The sync byte is a fixed 8 bit field with value 010@01%1b used for frame
synchronization.
This field carries 187 bytes of payload and is described in detail below.

\nsmission convergence sublayer is used to map the ATM cells-into the payload provided by the franpe. Three
s are defined for this functionality labeled CTRLO, CTRL1, and'€TRL2. The alignment of the ATM c¢g
hronized to a two packet sequence as shown below. This-provides rapid cell delineation and cell del
very after errors. The format is also shown in Figure-4.

lIs is
neation

This byte indicates that a packetds the first of the two packet sequence. Its valle is

E1PSSSSSbh where E, P, and:S bits are defined below. This also indicates that
byte of an ATM cell immediately follows.

the first

This byte indicates that aipacket is the second of a two packet sequence. Its v@lue is

EOPSSSSSb where E, P, and S bits are defined below.
This byte is reserved. 1t will be defined for carriage of operation, administration
maintenance infarmation (OAM).

hition of E, P and S bit setting:

The transporterror indicator is a 1 bit flag. When set to “1”, it indicates that at |
uncorreetable bit error exists in the associated packet. This bit may be set to “1l
entities in the transport layer. When set to “1”, this bit shall not be reset to “0” u
the hit value(s) in error have been corrected.

Thetransport 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 priorit
“0".

and

past 1
i} by
hless

y set to

This fixed 5 bit field with value 11110b. Any packet without this value should

e

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.

Transport MUX packets and MPEG-2 Transport MUX packets shall have a common physical medi
pndent sublayer. This means that usage of the High Reliability Marker, channel coding, byte-to-symbgl

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

(dn)rnndnmi7nfinn is_not needed-to imprm/n the nffirinnr*y of the ATM cell delineation nlgnrifhm

Therefore, ATM cell randomization shall not be applied.

7.7.5.2.3 Cell Delineation

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, thesimplementation of an

ATM cell based delineation is not needed in the STB.

7.7.6 High Reliability Marker (HRM)

The High Reliability Marker (HRM) is system transparent tool that provides.improved packet synchr
robustness. It is a transparent tool because the inclusion or exclusion ofithe HRM does not affect in
of DAVIC system components. This transparency is accomplished by, the format of the HRM as a fi
the normal payload area of a standard MPEG-2 Transport Stream (MPEG-2-TS) null packet. The h
HRM packet shall conform to the MPEG-2-TS null packet definition’The PID of the HRM is assigne
0x1FFF, which is the PID value that is assigned for null packets."\The HRM packet is inserted into th
Transport Stream prior to the framing operations of randomization and interleaving.

The inclusion or exclusion of the HRM tool by DAVIC systéms components (such as STBs, Delivery ¢
Servers, etc.) 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 patte
packet (where HRM packet is defined as an MPEG=2-TS packet which contains the PID value Ox1H
HRM field in the packet payload) is sent in constant intervals of 204 packets. The LFSR generated
defined by the polynomial:

XC+xe+x°+x+1

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

TS Pakket'Heade
4 Octets

Pavoad
184 Octets

\

\/

PID HRM

bnization
eroperability
Id carried in
ader of the
d a value of
e MPEG-2

pmponents,
n. The HRM

FF and the
patterns is

@
H
@
(e o]

Figure 7.7-5 - HRM Packet

An important feature of the HRM tool is the fact the HRM packet is transparent in DAVIC componen
not utilize the HRM tool, and this transparency allows for full interoperability between DAVIC compo
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 p

ts which do
nents

roduce 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 appropnate level of error protectlon requwed for cable transm|SS|on of digital data a FEC based on
yte

G-2
-wprd byte
(i.e.|47hex). The processing order at the transmitting side shall always start from the MSB(i.e. 0) of the gync
worgl-byte (i.e. 01000111).
In ofder to ensure adequate binary transitions for clock recovery, the data at the gutput of the MPEG-2-TIS
muliiplexer shall be randomized in accordance with the configuration depicted_in‘Figure 7.7-6.
The|polynomial for the Pseudo Random Binary Sequence (PRBS) generator. shall be:
1+ X34+ x15
Loagling of the sequence "100101010000000" into the PRBS registers, as‘indicated in Figure 7.7-6, shall be
initigted at the start of every eight transport packets. To provide an initialization signal for the derandomizger, the
MPHEG-2 sync byte of the first transport packet in a group of eight-packets shall be bitwise inverted from 47hex to
B8hex.

initialization sequence
1 01 010°000O0O0O0
4156|784 9|10(11/12|13|14(15

P e

—»

00000021, <—

EX-O
B S
>

Sl
|—> 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 .... |
RRBS sequence: | 00000011....|

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.

7773 CUI IVU:ut;UI |a= il ItCI :UGV;I 1Y)

Following the scheme of Figure 7.7-7, convolutional interleaving shall be applied to the error protecied packets
(see Figure 7.7-3 (c)). This results in an interleaved frame (see Figure 7.7-3 (d)).

The convolutional interleaving process shall be based on the Forney approach, which is compatiblel with the
Ramsey type Il approach, with 1=12 (for 16 and 64-QAM) and 1=12, 34 or 204 (for 2564QAM). The Interleaved
frame shall be composed of overlapping error protected packets and shall be delimited-by MPEG-2|sync bytes
(preserving the periodicity of 204 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 = 204 = error
protected frame length, | = 12 = interleaving depth, j = branch index). The_eells of the FIFO shall coftain 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 info the branch
"0" of the interleaver (corresponding to a null delay).
The deinterleaver is similar, in principle, to the interleaver, but the branch indexes are reversed (i.e.|j =0
corresponds to the largest delay). The deinterleaver synchrofization is achieved by routing the first|recognized
sync 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\/IIVI ® Channe — M|M[M
3 3 -3 -3
1 byte per I-2 -2
position - T *//* - — M L
-1 77 -1 I-1 -1
NHM M|/, 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 for 256QQAM
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

The|two most significant bits of each symbol shall then be differentially coded in orderto.obfimtation-
invafiant QAM constellation. The differential encoding of the two MSBs shall be given, by the following Bd
expiession:
I =(A®B).(A® 1,,)+(A® B).(A® Qg)
Q =(A®B)(B®Q,)+( A® B} B® I,)
Note: For the above Boolean expressith™denotes the EXOR function, "+" denotes the logical OR func
"." denotes the logical AND function and the overstrikerdenotes inversion.
Figure 7.7-9 gives an example of implementation of byte to symbol conversion.

1.7

Qua
fibel

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

transmitted before Z+1.

Figure 7.7-8 - Byte to m-tuple conversion for 64-QAM

q bits bq—l ...bo)

8 Byte B -b Qk ) _)I

4|_) to k. 0 land Q

from m-tuple f) differential .
convolutional |conversion A kK~ bq+1 encoding | Kk mapping _) Q
interleaver 4) 4)

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

Figure 7279 - Example implementation of the byte to m-tuple conversion
and the differential encoding of the two MSBs.

9 Quadrature Amplitude Modulation (QAM)

drature-amplitude modulation (QAM) is used as a means of encoding digital information over wireling
transmission links. The method is a combination of amplitude and phase modulation techniques. QA

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

olean

ion,

, or
M is an

exte

etween

sion of multiphase phase shift keying which is a type of phase modulation. The primary difference b

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.

Tabte 7-19=Specifications for QAM Modufation

Modulation 16, 64, 256 QAM rotationally invariant coding. Two grades-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 of thg 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) fat-16, 64 and 256-QAM measjired jat the
upper limit of the frequency range
Frequency Range 54 MHz - 1 GHz.
The receiver shall operate-over the entire specified frequency rangd.
Symbol Rate 6 MHz: The STB shall_ support at least one rate within the 5-5{304

Mbaud symbol rate range. For systems that support inband sighaling for
upstream control, the value shall be a multiple of 8 kbaud.
(Informative: Thé&recommended value is 5.304 Mbaud)

8MHz: The STB shall support at least one rate within the 6-6.952 Mpaud
symbol rateirange. For systems that support inband signaling fpr
upstream.control, the value shall be a multiple of 8 kbaud
(Informative: The recommended value is 6.952 Mbaud)

Phase Noise <-75dBc/Hz @ 1 kHz
£-85 dBc/Hz @ 10 kHz
<-100 dBc/Hz @ 100 kHz and above

Signal Element Coding Differential quadrant coding and Gray coding within guadrant

Transmitted Spectrum Square root raised cosine approximation. Roll-off faetor:0.13 (fpr 6
MHz) or a. = 0.15 (for 8 MHz).

Modulation I/Q amplitude imbalancgé < 0.2 dB

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

Modulation quadrature imbalance < 1.0 degree
Receive Levelaf the RF physical | 16,64-QAM: 52 - 80 dBmicroV (RMS) (75 Ohm)
interface input (per QAM 256-QAM: 62 - 80 dBmicroV (RMS) (75 Ohm)

downstréam in-band channel)

C/N atithe demodulator input (whitg 16,64-QAM: > 30 dB @ BER<1x10E-12 (after error correction)
noise) 256-QAM: > 36 dB @ BER<1x10E-12 (after error correction)
(i.e. 1 error in 7 hours at 40 Mbit/s)

Power Level differences between | 16,64-QAM: -10 t0 U 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 + 3n/2
Q
11 01 10 11
@ @ -+ @ @
Q=10 L 1,Q, =00
10 00 00 01
@ @ -+ @ @
l l l l l l !
| | | | I |
01 00 00 10
@ @ -+ @ @
Ika:1l 1 Ika201
11 10 01 11
@ @ -+ @ @

Figure 7.7-10 - 16 QAM Constellation diagram
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1100 1110 0110 0100 | 1000 1001 1101 1100
® e e e+ e e o o

— 1101 1111 01110101 T 1010 1011 1111 1110 —
1Q,=10 "9 "¢ @ eo1te o o o |, Q=00

1001 1011 00110001 | 0010 0011 0111 0110
® e e e+ e e o o

1000 1010 0010 0000 | 0000 0001 0101 0100
® e e e+ e e o o |

® e e e e e o o
0100 0101 0001 0000 | 0000 0010 1010 1000

e ©¢ © ofo o o o
0110 0111 0011 0010 4 0001 0011 1011 1001

Q=11 o o ¢ e1te o o o | Q=01
1110 1111 1011 1010 JL 0101 0111 1111 1101

® e e e+ e e o o
1100 1101 1001 1000 | 0100 0110 1110 1100

Figure 7.7-11 - 64 QAM Constellation Diagram

Q

000100 001100 011100 010100 1101004311100 101100 100100

T 000101 001101 01110101010%410101 111101 101101 100101 I Q — 00

+te © © o0 o o o ! Q. -~

T ooo111 001111 011124020111 110111 111111 101111 100111

T 000110 0011105021110 010110 110110 111110 101110 100110

T 000010 (001010 011010 010010 110010 111010 101010 100010

T 0odo11 001011 011011010011 110011 111011 101011100011

rotate 90 degrees T ooooo1 001001 011001 010001 110001 111001 101001 100001
T® € e e e e e o

I Q =10 1
k k 000000 001000 011000 010000 110000 111000 101000 100000
1t © © e e e o o |
rotate 180 degrees rotate 270 degrees
Ika—ll Ika—Ol

Figure7.7-12 - 256 QAM Constellation Diagram. IkQk are the two MSBs in each quadrant and shquld be
prepended to the constellation values to complete the 8-bit value.

When the I=1Z interleaver 1s used for 256 QAM, the following consiellation 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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Prio
(for
the 1

The

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
@ @ @ @ @ @ @ @
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 {
| | | | | | | | | | | | | | | |

Figure 7.7-13 - 256 QAM Constellation Diagram ford = 12 Interleaver

F to modulation, the | and Q signals shall be square-root raised cosine filtered. The roll-off factor shal
b MHZz) or 0.15 (for 8 MHz). The square-root raised cosinefilter shall have a theoretical function defir
ollowing expression:

H(f)=1 f0r|f|<fN(1—a)
12
1 1. x| fy—|f
H(f)=<=+—=-sin— | —=&— forf,l—a)<|f|<f, @+
(f) {2 2 2fN|: h) N( a) || N( a)
H(f)=0 for|f|>fN(1+a)
1_R
fN=—=—
where 2T, 2 is the Nyquist frequency

and-rell-off factor o = 0.13 (for 6 MHz) or a=0.15 (for 8 MHz).

transmitter filter characteristic is given in the following section.

7.7|10 Baseband filter characteristics
7.7 1072\ Impulse Response for the Transmit Filter
The Time-domain response of a square-root raised-cosine pulse with excess bandwidth pmarg@ﬁﬁ By:
. t 4 ot t
sin [7;—(1— a)l+ cos [7;—(1+ a )]
T T

where T is the symbol period.

The
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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).

(.7.10.2 Baseband tilter characteristics 1or c MHz

The template given in Figure 7.7-14 shall be used as a minimum requirement for hardware implemgntation of the
Nyquist filter. This template takes into account not only the design limitations of the digital filter,"but plso the
artifacts coming from the analogue processing components of the System (e.g. D/A conversion, anglogue filtering,
etc.).

The)value of in-band ripple,rin the pass-band up to 0.§ghall be lower than 0.4 dB,-The out-of-band
rejection shall be greater than 43 dB. The ripglatrthe Nyquist frequencyfshall be lewer than 0.4 dB.
The filter shall be phase linear with the group delay rigpl@e.1 T, up to §, where, k= 1/R;is the symbol

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

H(f
A HO
fN : Nyquist frequency
0dB 'm \
7
‘ frequency
%j FN <0.4dB
in-band rippler,, <0.4 dB N
-3.01dg . . ...l NE ) rN
‘ ‘ , out-of-band rejection
| ‘ >43dB
-43 d | 3 // // //%
0.85fN f N 1.15fN

Figure-717-14 - Half-Nyquist baseband filter amplitude characteristics for 8 MHz

7.7.10.3_ Baseband filter characteristics for 6 MHz

The template given in Figure 7.7-15 shall be used as a minimum requirement for hardware implemgntation of the
Nyguist filter. This template takes into account not only the design limitations of the digital filter, but plso the
artifacts coming from the analogue processing components of the System (e.g. D/A conversion, anerlogue filtering,

The}value of in-band ripple,rin the pass-band up to 0.§¢$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.

© ISO/IEC 1999 - All rights reserved DAVIC 1.3.1a Part 8 (1999) 63


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

ISO/IEC 16500-4:1999(E)

A HO
fN : Nyquist frequency
0dB Mm .
7
frequency

7

1.7

Tab
usef

Ta

r'y<1.0dB
in-band rippler,,;, <0.4 dB N
-3.01d8 . . o] N
out-of-band rejection
~ >43dB
-43 dB /////%
O.87fN f N 1.13fN

11 Information Bit Rate

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

e 7-21 gives examples of the wide range of possible cable symbol rates and occupied bandwidths fo
ul bit rates considering 16-QAM, 64-QAM and 256-QAM constellations.

ble 7-21 - Examples of useful bit rates Ru and total bit rates Rt using recommended symbol rates (ro
off = 13% for 6 MHz and roll-off = 15% for 8 MHz).
Modulation Useful bit rate 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
64-QAM (HRM) 29.030* 31.824 5.304 6.0
256-QAM (HRW) 38.706* 42.432 5.304 6.0
16-QAM (HRM) 25.367* 27.808 6.952 8.0
64-QAN(HRM) 38.050* 41.712 6.952 8.0
256-QAM (HRM) 50.732* 55.616 6.952 8.0

(*)-The data rate shown is the effective data rate excluding HRM. Actual bit rate of MPEG-2-TS is the
same as for no-HRM, as HRM is inserted in the MPEG-2-TS multiplexing process and removed in the
demultiplexing process.

r different

7.7.12 Coaxial Cable Impedance

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).

64
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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

MPEG | Upstream| Slot MAC MAC Ext. MAC MAC MAC R$rvc
Header| Marker | Number| Flag Flags | Flags | msg. msg. msg.
Control

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

The message fields as shown in the MAC downstream message structure (Figure 7.7-16) are defing¢d as:
MPEG Header s the 4 byte MPEG-2 Transport Stream Header as definedyin ISO/IEC 13818-1 with|a specific
PID designated for MAC messages by stream_type 0xCO.
Upstream 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 pointer is valid. When this field has the valye ‘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 definedas 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 ‘Q’, the

slot position register is not valid.

bit 1-3: reserved

bit 4 is set to the value ‘1

bit5: odd parity

This bit provides-odd parity for the slot position register

bits 6-15: upstream slot position register
The slot position register is a 10 bit counter which counts from 0 to N with bit 6 the MSB.

(See Section 7.8.1.9 ESF Mbit Data Link for the functionality of the slot position register).
MAC Flag ControlFis a24 bit field (b0,b1,b2, ... b23) which provides control information which is usgd in
conjunction with'the MAC Flags ariektension Flags. The definition of the MAC Flag Control field is a follows:

bQ3b2 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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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

configuration field is defined as follows:

Extgnsion Flagsis a 26 byte field which is used when one or mor€,/3:088 Mbit/s upstream QPSK links are

The

When 3.088 Mbit/s QPSK upstream links are used, Each 3.088 Mbit/s upstream channel utilizes two con
gpsk_slot_configuration fields. The definition of the first slot’configuration field is unchamgediefinition of

the

indigators cover slots 10 through 18.
MAC Messagecontains a 40 byte message, the general format defined in Section 7.8.3.3 MAC Informatig
Transport.

rsrvi
The

then the following fields are empty, eldiejalgorithm shown in Figure 7.7-17 can be used to properly parse
MAC message fields.

66

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
bt —stot5Teceptiomindicator for fsecordiprevious 3 ms (6 ms for 256 kbfsU'S)period
b12 = slot 6 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period
b13 = slot 7 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) periéd
b14 = slot 8 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period
b15 = slot 9 reception indicator for [second] previous 3 ms (6 ms for 256 kb/s US) period

b16-17 = reservation control for next 3 ms (6 ms for 256 kb/s US) period

b18-b23= CRC 6 parity

(See also Section 7.8.1.10 SL-ESF Frame Payload Structure).

The slot configuration fields are used in conjunction with the MAC Flag Control field defined abo

reception indicators refer to the previous 3 ms (6 ms for 256 kb/s US) fitaedaracketed term
[second] is omitted from the definitior(R) only the reception indicatofs-which relate to slots which
occur during the designated 1 ms period are valid, and (3) the ranging control slot indicator, slot
boundary definition field, and reservation control field are valid and consistent during each 3 ms
for 256 kb/s US) period.

definition of the Extension Flags field is identical to the definition of the MAC Flags field above.

tecond slot configuration field extends the boundary-definition to slots 10 through 18, and the recepti

L is a 4 byte field reserved for future use.
three 40 byte MAC Message fields ar€ utilized sequentially, i.e., if there is no MAC message in the f

e.

Note that when the MAC Flag Control field designates that a 1 msec flag dpdate is enabled; (1) the

6 ms
used.
Secutive
DN

n

rst field,
the
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Are the first two bytes of MAC
message equal to zero?

NO

v
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!

—
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Check third MAC message field Check third MAC message field
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message
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Two MAC
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—

|
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)
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Are the first two bytes of the
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Figure 7.7-17 - MAC Message Field Parsing Algorithm.

774.14.2 MAC Control Message Structure when Transmitting ATM Cells

.

Two MAC
messages
detected

shown in Figure 7.7-18.
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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:

47Hex

Upsfream Marker

CNTL3:

Slot|Number

MAC Flag Control

MAC Flags
Extgnsion Flags
MAC Message

Isrvg

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

E: Transport error indicator

The transport error indicator is a 1 bit flag. When set to “1”, it indicates that at least.1
uncorrectable bit error exists in the associated packet. This bit may be set to “1>by entiti
the transport layer. When set to “1”, this bit shall not be reset to “0” unless the)bit value(s

error have been corrected.
P: Transport priority

The transport priority is a 1 bit indicator. When set to “1”, it indicates that the associated
is a greater priority than the packets with the transport priority set.tg™0".

SSSSSThis fixed 5 bit field with value of 11111b.
rsrva is a 2 byte field reserved for future use.

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

7.714.3 Frequency of MAC Downstream Message for Inband

ES in
) in

backet

The[MAC Control Message structure must be transmitted at least once every 3 milliseconds with an enalpled slot

number (slot number enable = 1), a valid upstream marker (upstream marker enable = 1), and valid MAQ
desipgnated by the MAC Flag Control field).*Additional MAC Control Messages may be transmitted during
millisecond period with a disabled slot number (slot number enable = 0) field, a disabled upstream marke
(upgtream marker enable = 0), and disabled MAC Flags (as designated by the MAC Flag Control field).

7.7.04.4 Timing Considerations for Utilizing the Upstream Marker Field

In ofder to describe how this Upstream Marker can be used to derive the location of the 3 msec marker,

the $ystem diagram in Figure 7.7-19.

flags (as
any 3
r field

consider
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Headend Delays _ DatalLink Settop Box Delays
. Delays
DATA
DS Dl D2 DL+ dL d3 d4
DIA
DIB

Figure 7.7-19 - System Model for Timing Analysis

The delay between the location of the end of the Upstream Marker and the beginhing of the next Sy
designated as is a constant value for each bit rate equal to the equivalent timejof 197 bytes, or
(197 * 8 /x) symbol clocks where X = 4, for 16 QAM

6, for 64°"QAM

8, for-256 QAM
There will be some processing delay in the Headend hardware between the location where the Ups
inserted in the MAC packet and the arrival of the data into the interleaver. This should be a constany
which is the same for every incoming byte, including the sync/byte following the Upstream Marker.
The delay due to the interleaving process in the Headengd @@ will be zero for each sync byte.
There will be some processing delay in the Headend hargware between the output of the interleave
of the QAM modulator. This should be a constant delayfdd every byte in the outgoing stream.
The data link is composed of two delay values,tbe constant link delay that every STU experiences,

Headend. This variable link delay is compens&ietly the ranging operation.

input of the deinterleaverhis delay is design dependend, @hd may be a constant delay or a variable ¢
each byte in the data stream.

each sync byte.
The total interleave delay,

D, =Dia + Dig
will be constant for each/byféhe value will be given by

D, = 204 * 8 *interleave_depth / bit rate
for example, if the modulation is QAM 64 with a baud rate of 5.0 Mb/s,

= 20448 12 B0OM = 652.8 microseconds or 3,264 symbol clocks

There will be some processing delay in the STU hardware between the output of the deinterleaver &
circuitry that(utilizes the Upstream marker and following sync byte for generating the local 3 msec n
delay, whichrincludes Reed Solomon FEC, is design dependeahdimay be a constant delay or a vari
delay foreach byte in the data stream.

nc byte,

tream Marker is

|, delay, D

I and the output

hritiel

variable link delay for each STU which is due to the-fact that each STU is located at a different distgnce from the

There will be some processing delay in the STU hardware between the input of the QAM demodulajor and the

elay for

The delay due to the deinterleaving:process in the ST, jsbBd will be equal to the entire interleave dglay for

Ind the
arker. This
able

The accumulated delay in the data link is composed of a number of constant terms and three vari

constant terms WI|| be identical for every STU that is utrlrzrng a partrcular QAM channel for mband ti

Iocatron of the 3 msec marker at each SEEabh STUls responsible for compensatrng for the desrgn ependent

delays, d and d, before utilizing the Upstream Marker value for generating the 3 msec mérkerariable
delay, d, will be compensated for via the ranging algorithm, in the same way as performed when ou
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

respectivety-—able—23-ane-n—Table—2+
Downstream
A QPSK modulated channels (S2,S3,54)
8 26.5

>

70 130 (Freq (MHz)

QPSK modulated channels (S2,S3;S4)

\4

Upstream
Figure 7.8-1- Spectrum allocation for.the bi-directional PHY on coax.

The|“Passband Bi-directional PHY on coax” tool andthe “Passband Unidirectional PHY on coax” tool may be
used together on the same physical medium. Figure 7.8-2 shows the spectrum allocation in this case.

QAM modulated channels (S1,S2)

Downstream T
A I
Freq (MHz)
8 26.5 \ y >
| Il
<3~ 54 70 130 1000
=l
\ QPSK modulated channels (S2,S3,5S4)
\4 \QPSK modulated channels (S2,S3,5S4)
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
«—{ Inversion Decoder fHConvolutional Byte H Differential ¢ Matched i Iy —
& Deinterleaver ; Filter &
A0 204,188 Decoder
Energy ( ) Mapping Equalizer QAM
disposal Demodulator
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Figure 7.8-3 - NIU/STB IB transceiver conceptual block diagram.
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MAC Protocol
To R out
A0 Reed Byte . : N PSK
—>  Solomon to Randomi Differential Addition of Qd I >
e coder Bit_ andomizer Encoder Unique Word Modulator
(59,53) Mapping
Figure 7.8-4 - NIU/STB OOB transceiver conceptual block diagram.
7.8.1 Downstream Physical Interface Specification
To carry*downstream information S3 and S4, as well as a limited amount of S2 data, a combination|of quaternary
phase shift keying (QPSK) and a framing structure are specified. QPSK is specified due to its incregsed error
performance, its spectral efficiency, and its low peak to average power allow transmission at a high|average

POWET-

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:

© ISO/IEC 1999 - All rights reserved

DAVIC 1.3.1a Part 8 (1999)

71


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

ISO/IEC 16500-4:1999(E)

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 ORSK modulatordivides-the-incoming-bit-stream-so-that-bits-are-sent-alternatelrto-the-in-phase-maodulator |
< ) Y 134

and[the out-of-phase modulator Q. These same bit streams appear at the output of the respective phase

the glemodulator where they are interleaved back into a serial bit stream.
The|QPSK signal parameters are:

RF bandwidth BW=@/2)* (1 +a)
Occupied RF Spectrum JF BW/2, £, + BW/2]
Symbol Rate f=f/2
Nyquist Frequency N="fs/2

with f, = bit rate, { = carrier frequency and = excess bandwidth.

For poth bit rates: 1.544 Mbit/s (Grade A) and 3.088 Mbit/s (Grade B), the Power\8pectrum at the QPSK
trangmitter shall comply to the Power Spectrum Mask given in Table 7-22 and-Kigure 7.8-5. The Power S

Mask shall be applied symmetrically around the carrier frequency.

Table 7-22 - QPSK Downstream Transmitter Power Spectrum

| (f-f)/fy] PowerSpectrum
<l 0+0.25dB
atl -3+ 0.25 dB
at 1+a <-21dB
>2 <-40 dB

HE
in-band ripple < 0.5 dB
AL gt | (F-f) /|
m yquist ripple i .< 0.5 dB
0dB 7 -
NN\ \\\\\E\
BAB e ) _ / out-of-band

rejection

21d8 | .Ca S F N : / > 40dB

40dB | e, N ﬁ

1o 1 1+ 2

Figure 7.8-5 - QPSK Downstream Transmitter Power Spectrum

detectors in

pectrum

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

5R)

TandoMiZEer t0 eNSUre a randonT aistriiution of ONes and Zeroes. THhE

6 5
generating polynomial isX~ + X* + 1 Byte/serial conversion shall be
MSB first.

Randomizer:

Serial Irput

_|_

Serial Ouput

A complementary self-synchronizing derandomizer is used in the rece|
to recover the data.
Derandomizer:

Serial Irput

_|_

SerialOuput

Differential Encoding

Bytes entering the byte-to-symbol encoder are divided into four bit p4dirs,
each bit pair generating one QPSK symbol. Byte boundaries coincide jwith

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’. The
has¢

differential encoder shall accept bits(A,B) in sequence, and generate
changes as follows:

Phase Change
none

ver

, the

+90degrees
180 degrees
- 90 degrees

P9 o>
OoOr O
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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
Synibol Rate Accuracy| +/- 50 ppm
Transmitter Power A common mask for both bit rates: 1.544 Mbit/s (Grade A) and 3.088
Speftrum Mask Mbit/s (Grade B) is given in Table 7-22 and Figure 7.8-5.
Cariier Suppression > 30 dB
1/Q Amplitude <1.0dB
Imbalance
1/Q Phase Imbalance < 2.0 degree

Recgive Power Level at 42 - 75 dBmicroV (RMS) (75 Ohm)
the ¢lemodulator input

(dov
ban

nstream out-of-

i)

CI/N
inpu
ban

at the demodulator] > 20 dB @ BER<1x10E-10 (after error correction) measured at Al
t (Nyquist reference point
width, white noise) (i.e. 1 error in 2 hours at 1.5 Mbit/s)

7.8.
The

7.8.
At th
(75
7.8.
The
payl
7.8.

The
part
fram

1.2 Coaxial Cable Impedance

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

1.3 Media Interface Connector
e user device, the jack/socket shall be a IEC 169-2 female connector (75 Ohm) or F-Type female co
Dhm).

1.4 Framing Structure
framing organization shall besbased on Signaling Link Extended SuperFrame (SL-ESF) format, an S
pad structure, and an ATM ‘cell structure.

1.5 Signaling Link-Extended Superframe (SL-ESF) Framing Format

Signaling Link Extended Superframe (SL-ESF) frame structure is illustrated in Figure 7.8-6. The bits
tioned into 4632 bit Extended Superframes. Each Extended Superframe consists of 24 193-bit framg
e consists of. 1 overhead (OH) bit and 24 bytes (192 bits) of payload.

nnector

L-ESF

ream is
s. 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 Framg-Structure

7.8.1.6 SL-ESF Frame Overhead

There are 24 frame overhead bits in the ExtendedvSuperframe which are divided into Extended Sugerframe Frame
Alignment Signal (F1-F6), Cyclic Redundancy Check (C1-C6), and M-bit Data Link (M1-M12), as illystrated in
Table 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 C1
3 386 M2
4 579 F1=0
5 772 M3
6 965 C2
7 1158 M4
8 1351 F2=0
) 15247 M5 + SotPosiion
10 1737 C3
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 - F6)
DL: Mbit Data Link (M1 - M12)
CRC: Cyclic Redundancy CheckA(C1 - C6)

7.8.L.7 ESF Frame Alignment Signal

The|ESF Frame Alignment Signal (FAS).is_used to locate all 24 frames and overhead bit positions. The hit values
of the FAS are defined as follows:
F130,F2=0,F3=1,F4=0,F5=1,F6=1.

7.8.[L.8 ESF Cyclic Redundancy Check

The|Cyclic Redundancy Check field (Table 7-24) contains the CRC-6 check bits calculated over the prevjous
Extgnded Superframe (CRC Message block [CMB] size = 4632 bits). Before calculation, all 24 frame ovgrhead
bits pre equated to the-value “1”. All information in the other bit positions is unchanged. The check bit sequence

C1-C6 is the remdinder after multiplication tﬁla:nd then division by the generator polynom@bx&l of the
CMB. C1 is the thest significant bit of the remainder. The initial remainder value is preset to all zeros (se¢ [ITU-T
G.704)).

7.8.[L,9 “ESF Mbit Data Link

The M-bits TN the SL-ESF Serve tWo pUrpoSEsS.

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 sIot position when the upstream data rate is 1 544 Mbit/s, there are
B8 here are 1.5

upstream minislots per upstream slot position when the upstream data rate is 256 kbrt/s The correspondmg

upstream minislot rates are, therefore, 9000 upstream minislots/sec when the upstream data fate'is|1.544 Mbit/s,

18000 upstream minislots/sec when the upstream data rate is 3.088 Mbit/s, and 1500 upstream mirjislots/sec when

the upstream data rate is 256 kbit/s. The algorithm to determine the upstream slot position“Counter yalue is given

below:

if (downstream_rate == 3.088 Mbit/s) {n = 1;}

else {(n=0;}

upstream_slot_position_register = value of M-bits latched at bit_position M11 (M10 - M1)

if (upstream_rate==1.544 Mbit/s) {m=3;}

else if (upstream_rate==3.088 Mbit/s) {m = 6;}

else {m = 0.5}

if ( bit_position==M1 and previous M12 ==1)

{ upstream_slot_position_counter = upstream_slot_position_register * 3 * m; }

if ( bit_position == M5)

if ((n==0) or (h==1 and previous M12 == 0) )

{ upstream_slot_position_counter = upstream_slot_position, counter+m; }

if (bit_position == M9)

if ((n=0) or (n=1and previous M12 ==1))

{ upstream_slot_position_counter = upstream_slot\position_counter + m; }

if (bit_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 ESK counter which counts from 0 to N with M10 the most significan{ bit
(MSBY;

M1l = odd-parity for the ESF counter, i.e., M11 = 1 if the ESF_value (M1-M10) hps
an/even number of bits set to 1;

M12 = 1: ESF counter valid

0; ESF counter not valid
The values assignedto M12 are as follows:

(1) When-the QPSK downstream channel bit rate is 1.544 Mi#@dv12 bit is always set to the alue
‘1"
(2)\When the QPSK downstream channel bit rate is 3.088 Mb/s, the information is always tfansmitted in
pairs of superframes, where superframe-A is the first superframe in the pair, and superframe-B is the
second superframe in the pdir.this case, the M12 bit of superframe-A is set to the value ‘0’ @nd 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 R7c R8a

10 | R8b R8c T | 7]

The|SL-ESF payload structure consists of 5 rows of 57 bytes each, 4 rows of 58 bytes each which includes 1 byte
trailg¢r, and 1 row of 59 bytes, which includes a 2 byte trailer. The first bit of the SL-ESF payload structurg follows
the M1 bit of the SL-ESF frame. The SL-ESF payload fields are defined as follows.
Theltwo T fields shall be set to 0 to facilitate future enhancements.

RxatRxc is a 24 bit field containing slot configuration information for the related upstreant.channel and is|defined
as:
Rxa = (b0.b7)

Rxb = (b8.b15)

Rxc = (b16.b23)

gpsk_x_slot_configuration = (h®23)

= slot configuration information for.the related upstream channel

whefe

b0 = ranging control slot indicator for next 3ms.(6ms for 256 kb/s US) period

b1l-b6 = slot boundary definition field for next 3ms/(6ms for 256 kb/s US) period

b7 = slot 1 reception indicator for second-previous 3ms (6 ms for 256 kb/s US) peripd
b8 = slot 2 reception indicator for second’previous 3ms (6 ms for 256 kb/s US) peripd
b9 = slot 3 reception indicator for second previous 3ms (6 ms for 256 kb/s US) peripd
b10 = slot 4 reception indicator for'second previous 3ms (6 ms for 256 kb/s US) peripd
b1l = slot 5 reception indicator farsecond previous 3ms (6 ms for 256 kb/s US) peripd
b12 = slot 6 reception indicatordor second previous 3ms (6 ms for 256 kb/s US) peripd
b13 = slot 7 reception indicator for second previous 3ms (6 ms for 256 kb/s US) peripd
b14 = slot 8 reception indicator for second previous 3ms (6 ms for 256 kb/s US) peripd
b15 = slot 9 receptioncnidicator for second previous 3ms (6 ms for 256 kb/s US) peripd
b16-17 = reservation(cantrol for next 3 ms (6 ms for 256 kb/s US) period

b18-b23 = CRC 6 parity (see-definition in SL-ESF section)
When the upstream data channekis a 256 kbit/s data channel, then only the first three slot reception indi¢ators are
valid. These slots indicator refef. to the three available slots which span over two 3ms period periods in tHe 256
kbitls. When the upstream data/channel is a 3.088 Mb/s data channel, two consecutive gpsk_slot_configuration
fields are usedThe definition of the first slot configuration field is unchangBde definition of the second slot
configuration field extends’the boundary definition to upstream slots 10 through 18, and the reception indicators
cover upstream slots-10 through 18.
Whgn the Downstream MAC channel is a 3.088 Mbit/s data chann&8lah€onfiguration fields in superframe
B mpy be used when one or more 3.088 Mbit/s upstream QPSK channels are being utilized. The index f@r the
overhead bytes’in superframe-B may be R9a, R9b, R9c, R1R4&6a, R16b, R16c.
Reefd-Solemon encoding shall be performed on each ATM cell with T=1. This means that 1 erroneous byfte per
ATM cell.can be corrected. This process adds 2 parity bytes to the ATM cell to give a code word of (55,5B). The
shoftened Reed-Solomon code shall be implemented by appending 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
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Figure 7.8-8 - Conceptual diagram of the convolutignal interleaver and de-interleaver.

7.8.1.11 Definition of Slot Configuration Fields

Ranging Control Slot Indicator (b0) - When this bitis.active (b0 = 1), the first three slots of upstream|channel

“x” which correspond to the occurrence of the next 3 msec (6 ms for 256 kb/s US) period are desigrjated as
ranging control slotsA ranging control messagéZmay be transmitted in the second ranging control sigt, and the
first and third ranging control slots may not be used for transmission (guard band for ranging operafjons).

Slot Boundary Definition field (b1-b6) - Slettypes are assigned to upstream slots using bits bUHg6slofs are
grouped into regions within the 3 msec{6 ms for 256 kb/s US) period such that slots of a similar typge are
contained within the same regicrhe erder of the regions is Ranging slot, Contention based slots, Regerved slots
and Contentionless based sldts ranging slot is available within a 3 msec (6 ms for 256 kb/s US) peffiod it will
consist of the first three slot times in thensec periodA ranging slot is indicated by b0 =The boundarigs
between the remaining regions of the 3 msec are defined by Fhé®oundaries are defined in Figure 1.8-9.
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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

slaot 6
Boundary 6

slot 7
Boundary 7

slot 8
Boundary 8

slot 9
Boundary 9

Figure 7.8-9 - Boundary Definitions

The[boundary positions are defined by b1-b6 in Figure 7.8-10,

whefe row = Contention based / Reserved region boundary

and column = Reserved packet /Contentionless based.region boundary
(example: b0 =0, b1-b6 = 22: Contention (1-2), Reserved (345), Contentionless (6-9))

ol 1| 2| 3| 4| 5| 6| 7]<s8| 9
oc| o 1| 2| 3| 4| 5| 6L 7] 8 9
1* 10| 11| 12| 13| 1419 14 17 1B
2% 19| 20| 21 22| 23 24 25 2¢
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 slat indicatar (hn) issetto “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: Earbl-b6 =55-63 b0 musthe setial

Figure 7.8-11 - Additional Slot Boundary Definition field values for extended Range Controf Slo

The values in Figure 7.8-10 and Figure 7.8-11 are derived from b1-b6 in the following manger:

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 first three slot boundary
valid. In this case, only the first three rows and columns in Figure 7.8-10 are/valid, and Figure 7.8-1
When the upstream data channel is a 3.088 Mbit/s data channel, each slot\boundary definition field
slots within the 3 msec perioth this case, there will be two slot boundary_definition fields which defin
msec period.

Slot Reception Indicators (b7 - b15} When a slot reception indicatanjs active (“1”), this indicates thal
was received without collisioThe relationship between a given US slot and its indicator is shown in |
When the indicator is inactive (“0”), this indicates that eithera‘collision was detected or no cell was
the corresponding upstream slot.

Table 7-25 - Relationship of US slot to DS Indicator

ts

positions are
| is not valid.
applies to 9

b the 3

L a cell
[able 7-25.
eceived in

1.544Mbit/s Downstream 3.088 Mbit/s Downstream
1 Frame 1 Frame
256 kbit/s
Upstream | °5 1T T T T1& | ps [TIIITITLLIT]
B I B
f— f—
3 slots 3 slots
1 Frame 1 Frame
1.544 —
Mbit/s ps | | ] ps [T T T TiTl1]
Upstream
us [ | us | |
— f—
9 slots 9 slots
1 Frame 1 Frame
3.088 —
N ps | | ] ps [T T T TiT1]
Upstream
VS [ | 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.

7.8.11.12 ATM Cell Structure

Thelformat for each ATM cell structure is illustrated in Figure 7.8-12. This structure and field coding, shalllbe
congistent with the structure and coding given in [ITU-T 1.361] for ATM UNI, both for the ATM and‘non-ATM
bas¢d passband bi-directional PHY on coax.

—1— 40 bits‘|< 384 bits >

Header Information Pgload

2 \J

— 53 bytes >

Figure 7.8-12 - ATM Celi,Structure

7.8]2 Upstream Physical Interface Specification

To darry upstream information S2, a combination of quaternary phase shift keying (QPSK) and a Time Djvision
Multiplexing structure are specified. QPSK'is-specified due to its increased error performance, its spectrd|
efficjency, and its ability to be transmitted:at higher than average power levels.

7.8.2.1 Quaternary Phase ShiftiKeying (QPSK)

An gverview of QPSK modulation’has been provided in the downstream QPSK modulation section.
The|QPSK signal parameters are:

RF bandwidth BW=@/2)* (1 +a)
Occupied RF/Spéttrum JF BW/2, £ + BW/2]
Symbol Rate f=f/2
Nyquist Frequency N="1s/2

with fs=<\bit rate, { = carrier frequency and = excess bandwidth.
For pll three-bit'rates: 256 kbit/s (Grade A), 1.544 Mbit/s (Grade B) and 3.088 Mbit/s (Grade C), the Pow¢
Speftrumiat'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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HO
in-band ripple y < 0.5 dB
[
+ Im Nyquist ripple k.< 0.5 dB | (f-f)/ I
0dB . >
-3dB / out-of-band
rejection
-21dB / > 40dB
/.
-40 dB / /

Figure 7.8-13 - QPSK Upstream Transmitter Power Spectrum

The specifications which shall apply to QPSK modulation for the upstream channel are given in Tallle 7-27.
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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),

=l (2. 000 MNMiait/a)

and Cra
AU oTraut~ S (O U000 IVIDTT S5

Chahnel Spacing

200 kHz for Grade A (256 kbit/s)
1 MHz for Grade B (1.544 Mbit/s)
2 MHz for Grade 3.088 Mbit/s)

Frequency 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.

Randomization

The unique word shall be sent in the clear. After addition of the;FEC bytes,
randomization shall apply only to the 53-byte payload area and*6 FEC bytes, wit
randomizer performing modulo-2 addition of the data with a pseudo-random seq

6 5
The generating polynomial i~ + X~ +1 with seed all ones:
Byte/serial conversion shall be MSB first. The 472-bit‘binary sequence generateq
the unique word.
Randomizer:

Serial Iput

Serial Ouput
A complementary:non self-synchronizing derandomizer is used in the receiver to

Derandomizer:

Serial Iput

Jeoocg

Serial Ouput

Diffgrential Encoding

Bytes entering the byte-to-symbol encoder are divided into four bit pairs, each 4

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:
Phase Change
none

+ 90 degrees
180 degrees

- 90 degrees

rrRroOoO>
Or ol

generating one QPSK symb@lyte boundaries coincide with bit pair boundaries. thjt

the
ence.

by

the shift register starts with 00000100... The first,“0%is to be added to the first biffafter

recover the data/The derandomizer shall be enabled after detection of the uniquf 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.
Frequency Stability +/- 50 ppm measured at the upper limit of the frequency range

Symbol Rate Accuracy +/- 50 ppm

Transmitter Power A common mask for all three bit rates: 256 kbit/s (Grade A), 1.544\Mbit/s (Grade|B)
Spectrum Mask and 3.088 Mbit/s (Grade C) is given in Table 7-26 and Figure 7(8y13.

Carrier Suppression | > 30 dB
when Transmitter
Active

Carrier Suppression | The Carrier Suppression shall be more than 60 dB helow nominal power oufput lpvel,
when Transmitter Idle | over the entire power output range and 30 dB right\after or before transmidsjaits
are shown in the figure below.
NOTE: Idle Transmitter Definition: A terminal is<Considered to be idle if it is 3 slof
before an imminent transmission or 3 slots@fter its most recent transmission.

vl

Guard Band

Y 3
v

Burst Packet
3 slots . . . 3 slots

A

63 Bytes

I/Q Amplitude <1.0dB
Imbalance

I/Q Phase Imbalance <-2.0 degree

Transmit Power Level\85 - 113 dBmicroV (RMS) (75 Ohm)
at the modulator outpgt

(upstream)

C/N at the > 20 dB @ 1x10E-6 packet loss (after error correction)

demodulatordinput at NOTE: A packet loss occurs when one or more bit per packet (after grror
the A3 reference point correction) are uncorrectable.

(Nyquistbandwidth,

white/noise)

(.0.2.2 Coaxlal 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
receg
align
rang
The
slotyg
The

acquisition method. The payload area (53 bytes) contains a single message cell as described previously

Pari
byte)
Reeg
ATM
Reeg
Sold
inpu
The

fime reference for slof Tocafion 1S received via the downsiream channels generated at the Delvery-S
ived simultaneously by all set-top units. Since all NIU/STBs reference the same time base, the slott
ed for all NIU/STBs. However, since there is propagation delay in any transmission network, @-time
ing method accommodates deviation of transmission due to propagation delay.

upstream slot rates are 3000 upstream slots/sec when the upstream data rate is 1.544 Mbit/s and 5(
/sec when the upstream data rate is 256 kbit/s.

format of the upstream slot is shown in Figure 7.8-14. A Unique Word (UW) (4 bytes) provides a bur

y field (6 bytes) provides t=3 Reed Solomon protection RS(59,53) over the payload area. The Guard
provides spacing between adjacent packets.
d-Solomon encoding shall be performed on each ATM cell with T=3. Thisimeans that 3 erroneous by
cell can be corrected. This process adds 6 parity bytes to the ATM cellto give a code word of (59,5
-Solomon encoding is performed on the ATM cell before upstream_data randomization. The shorten
mon code shall be implemented by appending 196 bytes, all setto zero, before the information byte
t of a (255,249) encoder; after the coding procedure these bytesyare discarded.
Reed-Solomon code shall have the following generator polynomials:
Code Generator Polynomial:  g(x) = (X 9)( x + pH) O+ p?) ... (x +pd),
where p=02hex
p(X) = ¥+ x* + 3 F + 1

Field Generator Polynomial:

4 pytes 53 bytes 6 bytes 1 byte
Uw Payload Area RS Parity ' Guard Band
=\
Figure 7.8-14 - Upstream Slot Structure
Thelformat ofithe message cell is indicated in section 7.8.1.12. This structure and field coding shall be cq

with

the structure and coding given in [ITU-T 1.361] for ATM UNI.

7.8.

ystem and
mes are
hbase

0 upstream

5t mode
The RS
band (1

te per

B).

ed Reed-
5 at the

nsistent

P 472 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

serv

86

ice 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 NTU/STB, a positive acknowledgment IS Sent back by the NR(Q
the reception indicator field, for each successfully received ATM cell. In contention based access.m
acknowledgment indicates that a collision did not occur. A collision occurs if two or more NIU/STBs
ATM cell transmission during the same slot. A collision will be assumed if a NIU/STB does.not rece
acknowledgment. If a collision occurs, then the

NIU/STB shall initiate a retransmission procedure or use a reservation or contentionl€ss-slot, as pre
assigned, 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 downstreaniehannel which is designated
control channel. This relationship consists of the following items:

(1) Each of these related upstream channels share a common slot position. This reference is
millisecond time markers that are derived via information transmitted via the downstream
control channel.

Each of these related upstream channels derive\slot numbers from information provided i
downstream MAC control channel.

The Messaging needed perform MAC functions for each of these related upstream chanr
transmitted via the downstream MAC control channel.

()
3)

7.8.2.7 Slot Location and Alignment for the QPSK Upstream Channels

, utilizing

bde, a positive
attempt

Ve a positive

viously

as a MAC

based on 1
MAC

h the

elsis

Transmission on each QPSK upstream ehannel is based on dividing access by multiple NIU/STBs lpy utilizing a

negotiated bandwidth allocation slot access method. A slotting methodology allows the transmit slot
be synchronized to a common slot-position reference, which is provided via the related downstream
channel. Synchronizing the slot Joeations increases message throughput of the upstream channels
cells do not overlap during transmission.

The slot position referencefor upstream slot locations is received via the related downstream MAC
channel by each NIU/STB, Since each NIU/STB receives the downstream slot position reference at
different time, due to propagation delay in the transmission network, slot position ranging is required
actual slot locations-for each related upstream channel. The upstream slot rates are 3000 upstream|
the upstream daterrate is 1.544 Mbit/s and 500 upstream slots/sec when the upstream data rate is 2
The number efslots 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 Upstream Data Rate - 1.544 Mbit/s

locations to
MAC control
since the ATM

control
a slightly

to align the
slots/sec when
P56 kbit/s.

Inthe case where the upstream data rate is 1.544 Mbit/s, the upstream slots are numbered as show
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
slot_transmit_position = slot_position_reference + slot_position_offset
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where slot_position_offset is derived from fhiene_Offset Value provided via the
Range_and_Power_Calibration_Message.

<« 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
<& position 0 < position 1 & position 2
| previous slot | slot 0 (m=0) slot 1 (m=1) slot 2 (m=2) next slot | |
512 bits 512 bits 512 bits

7.8.2.7.2 Upstream Data Rate - 256 kbit/s

In tHe case where the upstream data rate is 256 kbit/s, the upstream slots are numbeted as shown below, where k is
a miuiltiple of 3.:

«— 6 msec time period -
s(kl) 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|relationship between the received slot position reference.and the actual slot transmit position is given by:
slot_transmit_position = slot_position_reference (integer) + slot_position_offset
whefe only the slot_position_references corresponding.to integer values are valid and
The(slot_position_offset is derived from thiene_Offset+Value provided via the
Range_and_Power_Calibration_Message.

<« slot transmit_position
slot (j-1) slot (j)

<& slot_position_offset >

@ slot position reference, integer value (downstream)

In the case where the upstream\data rate is 256 kbit/s, the actual slot transmission locations correspond (directly to
the integer valued slot position-references.

7.8.2.7.3 Upstream Data-Rate - 3.088 Mbit/s

In tHe case where-the/upstream data rate is 3.088 Mbit/s, the upstream slots are numbered as shown beJow, where
k is p multiple of-18.

Y 3 msec time period -
stkf) FkC[k [k [k [k [k [k [k [k [k [k [k [k [k [k [k [k [k [s(k+18)
) + |+ |+ |+ |+ |+ |+ [+ [+ [+ |+ |+ |+ |+ + + +
T2 3 % 5 6 T 8 ) WO T IT T2 T3 T T IS5 T 16 T 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:
slot_transmit_position = slot_position_reference + slot_position_offset

where slot_position_offset is derived from thieme_Offset Value 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) | (m=1) | (m=2) | (m=3) | (m=4) [ (M=5)

512 512 | 512 512 512 528
bits bits | bits bits bits bits

7.8.3 Media Access Control Functionality

This section contains the specifications for Media Access Control (MAC) Proetoeol to be used for communication
across a Hybrid Fiber Coax (HFC) network. It specifies the communication\between Network Relatdd Control
(NRC) at the Access Subnetwork and the Network Interface Unit/Set Top_Box (NIU/STB).

7.8.3.1 MAC Reference Model

The scope of this section is limited to the definition and specification of the MAC Layer protocol. Th¢ detailed
operations within the MAC layer are hidden from the abovedayers.
This section focuses on the required message flows between the NRC and the NIU/STB for Media fAccess

Control. These areas are divided into three categories: lnitialization, Provisioning and Sign On Mangagement,
Connection Management and Link Management.

Higher Layers

A ~= A

hink
Management

2

Initialization,
Sign-on and
- Provisioning
Connection Management Adaptation
Lower Management

Layer MAC Management Entity
Protocols

Data

L4

MAC
Sublayer

| MAC Signaling |

| Muticast Address Resolution |

| Singlecast Address Resolution | Y

Y Physical Layer

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 Medra Access Control protocol supports muItrpIe upstream channels One of the upstream channels shall be

AALP (as specified in [ITU-T 1.363]) adaptation shall be used to encapsulate eachAMMAC SDU in ATM cell
upstream MAC messages shall be restricted to a single cell. A single cell MACG-SDU can accommodate U

bytels. All DS MAC messages shall be less than or equal to 120 bytes.

Sinde MAC related information is terminated at the NIU/STB and NRC a privately defined message struc

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_Elements ()

}

Bits | Bytes

Bit Number /
Description

1

48 6

7..3:{enum}
2..0:{enum}

Protpcol Version

Protpcol_Version is@b5 bit enumerated type used to identify the current MAC version.

enyim Protocol_\érsion { DAVIC 1.0 Compliant Device,
DAVIC 1.1 Compliant Device,
DAVIC 1.2 Compliant Device,
DAVIC 1.3 Compliant Device,

Reserved 4..31 };

ia the
hbstream

shall

5. All
p to 40

fure will

Syntaxindicator

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.

Tahla7229 1ict af MAC Meaecscaaas
oIS O VT e e SSages

—7-.8-35 T imitiatizatiormand - Provisiorning
1.

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 {D_Response Message Singlecast
0x2C-0x3F [Reserved]
0x40-0x5F | MAC Link Mahagement Msgs
0x40 Transmission Control Message Singlecast
0x41 Reprovision Message Singlecast
0x42 Link Management Response Message Singlecast
0x43 Status Request Message Singlecast
0x44 Status Response Message Singlecast
0x45-0x5F [Reserved]
0x60-0xBE | MAC Reserved Messages
0xCO-0XFF | MAC User Defined Messages

7.8.3.5 MAC Initialization, Provisioning and Sign On

This seection defines the procedure for Initialization, Provisioning and Sign On that the MAC shall perform during

power on or Reset.

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

protocol.

Figure 7.8-16 below shows the signaling sequence.

7.8.

The
Figu
igno
1.

2.

3.

NRC NIU/STB

<MAC> Provisioning

Channel Message —>

<MAC> Default

—  Configuration Messagh)

Figure 7.8-16 - Initialization and Provisioning Sequence

B.5.2 Sign On and Calibration

NIU/STB shall Sign On via the Sign-On Procedérstate diagram for Ranging and Calibration is given
re.The signaling flow for Sign-On is shown in Figure and described below. Reception Indicators shal
red during the Sign-On and Calibration process.

The NIU/STB shall tune to the downstream Provisioning channel and the upstréam service channel
nformation provided in the Initialization and Provisioning sequence.

The NIU/STB shall await theMAC> Sign-On Request Messagéom the*Network Control Entity. The
NIU/STB shall utilize Contention based entry on the service channelHe access the network.

Upon receiving theeMAC> Sign-On Request Messagehe NIU/STB/shall respond with tk@MAC> Sign-
Dn Response Messag@&he Sign-On Response Message shall.be)transmitted on a Ranging Control S
NIU/STB shall use the Min_Power_Level contained in the <MAC> Default Configuration Message w
irst signing on. Subsequent sign-ons can use the parameters from a successful calibration sequenc
barameters must be volatile.

The NRC, upon receiving the Sign-On Response Mgessage shall validate the NIU/STB and skt#he
Ranging and Power Calibration Message.

The NIU/STB shall respond to tkeJAC> Ranging,and Power Calibration Messageavith the<MAC>
Ranging and Power Calibration Response Messagéhe<MAC> Ranging and Power Calibration
Response Messagghall be transmitted oma.Ranging Control Slot, or the reservation slot as indicated
Ranging_Slot_Included field in the Ranging and Power Calibration Request Message.

The NRC shall send theMAC> Initialization Complete Messagewhen the NIU/STB is calibrated@he
NIU/STB is assumed to be calibrated if the message arrives within a window of +/- 0.75symbols (upg
rate) and a power within a window of +/- 1.5 dB from their optimal value.
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U/STB

<MAC> Sign-On
Request Message

—>

<MAC> Sign-On
Response Message— |

<MAC> Ranging and

Power Calibration _)

Message

Figure 7.8-17 - Sign-On Messaging Sequence

<MAC> Ranging and
Power Calibration
Response Message

<MAC> Initialization

Complete Message—)
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Wait for if time > Time Window
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

R & P C Message R & P C Message +

R & P C Messags

+ Ranging SlavNumber and no
Ranging Slot Ranging Slot
Number Number

Initialisation Complete

Initialisation Complete /

Figure 7.8-18 - State Diagram for Ranging and Calibration

Noted: Before increasing power, the Backup Service Channel shall be used, if it differs in frgquency
fronvthe service channel.

7.8.3.6< Connection Management
Thi

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

altgorithmmrarndtosotveTit
In addition to the simple connect and release messages used to establish and remove connectiohs)|the MAC
message set provides two additional messages to handle dynamic reallocation of bandwidth and-channels. The
Transmission Control Message and the Reprovision Message provide the ability to redefine the parameters of
each connection individually or as group.
The existing messages allow reallocation of resources on the network for an individuahSTB. For example, the
existing connections for a single STB may be removed, the channel changed, andnéw connectiong reestablished
to the existing sessions. The Reprovision Message allows for modification of the ‘surrent connection parameters
including channel assignment. Gross reallocation of bandwidth or channels is(provided by moving
from one channel to another channel at once. The Transmission Control Message provides a methqd 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, theSTB/NIU shall go to the stat
Sign-On Request”, shown in Figure 7.8-18.

1.

After Initialization, Provisioning and Sign On Procedures are complete, the NRC shall assig
upstream and downstream connection to the NIU/STBThis connection can be assigned o

Il connections

“Wait for

h a default
any of the

upstream channels except the upstream service channel ranging area. The NRC shall assign the default

connection by sending thRMAC> Connect Messagéo the NIU/STB. This message shall cont
upstream connection parameters and downstream frequency on which the default connecti
In the case of multiple connections, the US frequency shall be the same for all connections
and IB frequencies shall be the same for allOOB and IB connections respectively.

hin the
DN is to reside.
and the OOB

The NIU/STB, upon receiving theMAC> Connect Messageshall tune to the required upstrearm and

downstream frequencies and sendtMAC> Connect Response Messagmnfirming receipt of
message. However, if the US-frequency contained in the <MAC> Connect Message is diffe
current US frequency, the NIU/STB shall enter the Sign-On procedure at the new frequency
same power and timing parameters and the Default_Connection_Established flag shall be s
NIU/STB shall send the <MAC> Connect Response Message after the <MAC> Initialization
Message.

Upon receipt(of,th&MAC> Connect Messagethe NRC shall confirm the new connection to p
by sendingtth&MAC> Connect Confirm Message

NRC NIU/STB

—>

<MAC> Connect
Message

the

ent than the
, with the
et, and the
Complete

roceed
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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:

The

96

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

following Upstream Access Types are defined:

the NRC) I that tase, itmustwait for the StotTeception mdicator before itis attowed 1o

send

other cells with the same VPI/VCI value, unless the slot reception indicators are lostdn-which

case the ATM cells shall not be retransmitted (e.g. due to CRC error). The NIU/STB'can
one request for reservation access if the number of cells is less than
Maximum_reservation_access_message_length (specified in the MAC Connect Messag
the NRC). If more cells must be transmitted, the NIU/STB must send multiple-requests fq
reservation access. If the NIU/STB is forced to use reservation access,c@and it has not ye
assigned a Reservation_ID, then it shall wait for an assignment before\transmitting.

e MAC messages:

MAC messages can be sent on contention access or reservation access.MAC messages sent u

must be less than 40 bytes long. If the MAC information exceeds 40 bytes, it must be segmenteq

multiple 40 bytes independent MAC messages. DS MAC messageS-are restricted to less than o

120 bytes. Ranging access can only be used for specific MAC messages.

Contention Access

Contention Access indicates that data is sent in the'slots assigned to the contention access
in the upstream channéd.can be used either to send MAC messages or tataVPI, VCI of the ATM
cells are used to determine the connection, type and‘direction of the data of higheClagtastion
based access provides instant channel allocation-for the

NIU/STB. The Contention based technique is_used for multiple subscribers that will have equal a
the channelSince simultaneous transmissions'will occur, a positive acknowledgment of reception
NRC is sent in the reception indicator field, of the OOB downstream chaknellision will be assume
if an NIU/STB does not receive a positive acknowledgment.

Contentionless Access

Contentionless_Access indicates that data is sent in slots assigned to the Contentionless b
access region in the upstream‘channel. These slots are uniquely assigned to a connection by thg
Contentionless slots can be assigned with a slot list, or with a cyclic assignment. In both cases t
Not_Persistent_Flag determines if the assignment persists or exists only for one cycle of the SL-
bit frame counter. Two scenarios exist for different cyclic assignments. Figure 7.8-20 illustrates b
cases for the cyclicassignment for the non-persistent case. The persistent case would be equiva
the assigned slots,existing for consecutive ramps of the SL-ESF M-bit frame counter. The use of
Frame_Length-and Contentionless_Distance is not depicted.
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SL-ESF M-bit  Contentionless_End > Contentionless_Start
Frame Counter

Contentionless End - - - - - - - -

Contentionless_Start-

T,
LILL}

7.8.3.6.2 Connection Release

This section defines the MAC signaling requirements for connection release. Figure 7.8-21 below di
signaling flow for releasing a connection.
1. Upon receiving th&MAC> Release Messagé&om the NRC, the NIU/STB shall tear down the

2. Uponiear down of the upstream connection, the NIU/STB shall serdtA€> Release Respor

Tic

SL-ESF M-bit  Contentionless_Start Contentionless_End
Frame Counter

Contentionless_Start- - - - - - - -

Contentionless End - - - /- - - - - -

Time

Figure 7.8-20 - Contentionless Cyeli€ Assignments

Reservation Access
Reservation Access implies that data is sent'in the slots assigned to the reservation re
upstream channel. These slots are uniquely.assigned on a frame by frame basis to a conns
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 slots n
other usersThese slots allow usersyto adjust their clock depending on their distance to the N
their slots fall within the correct altocated tinfehe Ranging Access area is either in the Conte
Access region or in slots assigned to the reservation region in the upstream channel. The rg
are uniquely assigned onlajframe by frame basis to the NIU/STB.

indicated-upstream connections.
Méessageon the upstream frequency currently being used by the NIU/STB for MAC Messags

NRC NIU/STB

gion in the
ction by the

Dt used by

RC such that
ntion

pservation slots

Splays the

ES.
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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:
e Power and Timing Management

TDMA Allocation Management
Reservation Allocation Management
Channel Error Management

7.8.3.7.1 Power and Timing Management

Pow

er 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|Upstream Burst Demodulator shall continuously monitor the upstream burst transmissions from@n
Upon detection of an NIU/STB outside the predefined range, the NRC shall send the

MAC> Ranging and Power Calibration Messagedo the NIU/STB.

The[NIU/STB US power accuracy shall be less than or equal to +/- 1.5 dB. The NIU/STB nominal power
resdlution shall be 0.5 dB.

7.8.8.7.2 TDMA Allocation Management

To gnsure optimum assignment of TDMA resources, the NRC shall ensure the upstream allocation of TO
resdurces for various connections remain intact when allocating resources to@mnew connection. Howeve
event that reconfiguration is required to minimize fragmentation of resources;then the NRC shall dynami

recd
NIU
parg

7.8.

Duri
peri
peri
whe

7.8.

The
is de
Star
perf
exce

nfigure the upstream TDMA assignments to a NIU/STB or group of
STBs. The<MAC> Reprovision Messagss utilized to change previously established connection
meters.

B.7.3 Channel Error Management

ng periods of connection inactivity, the NIU/STB shall enter an Idle Mode. Idle mode is characterized
pdic transmission by the NIU/STB okMAC> Idle Message The Idle Mode transmission shall occur at
bdic rate sufficient for the NRC to establish Packet\Error Rate statistics. The Idle Message shall be sg
h the NIU/STB has at least one connection, aftéf,the <MAC> Connect Confirm Message is received.

3.8 MAC messages in the mini slots

MAC messages may also be transported in the minislot structure. The MAC message structure in th
fined for the Reservation Request\Message. Other MAC messages in the minislots are to be defined
t Field (SF) for the MAC messages is defined in the chapter for minislot framing structure. Error dete
brmed using a 2 byte Reed Solomon code. The check digits are computed as in the ATM slot with th
ption that only 2 digits are- computed for g(x)=f@era’).

4B 1B 13B 2B 1B

Unigue |S RS (G
Mini slot payload
Word F

IU/STB.

MA
[, in the
cally

by
2!
ent only

B minislot
. The
ction is

1%
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| 2B 6B 5B |

MSG
MAC Informa-

Conf MAC address
tion Elementg

Type

Figure 7.8-22. MAC messages in the minislots
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7.8.3.8.1 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.

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 _Cnt |erved

Figure 7.8-23. Reservation Request Message.ift the minislot MAC message structure

7.8.3.9 MAC Message Definitions

This section defines the MAC message set forDAVIC 1.3.1a.

For all MAC messages where the parameter length is smaller than the field, the parameter shall be
with leading bits set to 0.

All reserved fields in the MAC messages shall be set to 0.

7.8.3.9.1 Initialization, Provisioning and Sign On Messages

This section provides a detailed definition of the MAC messages for Initialization, Provisioning and §
procedures.

7.8.3.9.1.1 <MACG>Provisioning Channel Message

The <MAC> PROVISIONING CHANNEL MESSAGE is sent by the NRC to direct the NIU/STB to th

Out of Band<frequency where provisioning is performed. The format of the message is shown below.

right justified

bign-On

e proper
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Provisioning_Channel_Message()}{ Bits Bytes Bit Number /
Description

Provisioning_Channel_Control_Field 1
Reserved
Provider_Indentifier_Included
Provisioning_Frequency_Included

if (Provisioning_Channel_Control_Field &=

Provisioning_Frequency_Included) {
Provisioning_Frequency 32 4
Downstream_Type 8 1 {enum}

7.2
1:{no, yes}
0:{no, yes}

e

if (Provisioning_Channel_Control_Field &=

Pro
Pro
Pro
Pro
Pro
spe
Pro
spe
dow|
Pro
Pro
proy
Dow

Provider_tdentifier_inctuded)
Provider_ldentifier 32 4
}

}

isioning Channel Control Field

isioning_Channel_Control_Field is used to specify the downstream frequeney and/or the

ider_Identifier where the NIU/STB will be provisioned.

ider Identifier Included

ider_ldentifier_Included is a Boolean when set, indicates th&ravider” Identifier is

ified.Provisioning Frequency Included

isioning_Frequency_Included is a Boolean when set, indicates-that a downstream frequen

Yy is

ified that the NIU/STB should tune to begin the provisioning process,"When cleared, indicates that the current

nstream frequency is the provisioning frequency.

isioning Frequency

isioning_Frequency is a 32-bit unsigned integer representing the frequency in which NIU/STB
isioning occurs. The unit of measure is Hz.

nstream Type

Downstream_Type is an 8-bit enumerated type indicating the modulation format for the downstream
conrrection.
enlm Downstream_Type  { QAM,
QPSK 1.544,
QPSK_3.088,
Reserved 3..255  };

Pro
Pro
NIU

7.8.

The
prov
belo

ider Identifier
ider_Identifier is a 82rbit unsigned integer representing the Out of Band identification in whig
STB provisioning shall occur.

B.9.1.2 <MAC> Default Configuration Message

<MAC> DEFAULT CONFIGURATION MESSAGE is sent by the NRC to the NIU/STB. The messag¥
ides default parameter and configuration information to the NIU/STB. The format of the message is s
W
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Default_Configuration_Message(){ Bits Bytes

Description

Bit Number /

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

1
32 4
1

W W Ul
N
Lol
NN NN
o w ow

o] o

Service_Chanmnel_tast_Stot
Max_Power_Level
Min_Power_Level
Upstream_Transmission_Rate
Max_Backoff Exponent
Min_Backoff Exponent
Idle_Interval

{enum}

P 0000 WWoHE WO

o
NRPRPRRRERENN

}

Sign-On Increment Power Retry Count
Regs_Incr_Pwr_Retry_Count is an 8-bit unsigned integer representing the number of attempts

the

NIU/STB should try to enter the system at the same power level beforeZswitching to the Backup Service Channel

if it's different than the Service Channel, or if currently on the Backup. Service Channel switching bal
Service Channel and incrementing its power level by 0.5 dB.

Service Channel Frequency

Service_Channel_Frequency is a 32 bit unsigned integer representing the upstream frequenc
to the service channel. The unit of measure is in Hz.

MAC_Flag_Set

MAC_Flag_Set is a5 bit field indicating the MAC_ Flag set number assigned to the service channel
R1b and R1c represent MAC Flag set 1). It can take the values 1..16. Values 0 and 17..31 are inval
A downstream channel contains control information for each of its associated upstream channels. T
information is contained within structures knewn as MAC Flags. A set of MAC Flags, represented b
bits (denoted b0..b23) or by 3 bytes (denoted Rxa, Rxb and Rxc), are uniquely assigned to a given
channel. Refer to section 7.8.1.10 for ‘a-definition of the MAC Flags.

In the OOB downstream case, each.SL-ESF frame structure contains eight sets of MAC Flags reprd
Rxb and Rxc, where x is replaced-by the numbers 1..8. In the case of a 1.544 Mbit/s downstream b
SL-ESF frame occurs during a3 ms interval providing 8 sets of MAC Flags. In the case of a 3.088 N
downstream bit rate, two SESESF frames occur during a 3 ms interval, providing 16 sets of MAC Fla

Ck to the

assigned

(i.e. R1a,

d.

his

either 24
Lipstream

sented by Rxa,
t rate, only one
bit/s

gs. The

second set of MAC Flags (contained in the second SL-ESF) are denoted by Rxa, Rxb and Rxc, where x is

replaced by the numbers 9 through 16.
In the IB downstream,case, the MAC Flags are contained in the MAC Control Message Structure w

hich can

contain as manyZas*16 MAC Flag sets. The MAC Flags 1..8 are contained in the "MAC Flags" field &

Flags 9..16 are contained in the "Extension Flags" field. Refer to section 7.7.14.1 for a description a
Control Message Structure.

In case ofa 3.088 Mbit/s upstream channel, two sets of MAC Flags are required. In this case, the
parameter represents the first of two successively assigned MAC Flag sets.

Service Channel
Serwce Channel

nd the MAC
the MAC

AC_Flag_Set

retamed in order to identify the logical channel aSS|gned to the NIU/STB.
Backup Service Channel Frequency
Backup_Service_Channel_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 Service Channel Frequency.

is a 32 bit unsigned integer representing the upstream

© 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.

Seryice Channel Last Slot

Serjice_Channel_Last_Slot is a 16-bit unsigned integer representing the last slot in the Service
Chahnel.

Maximum Power Level

MAX_Power_Level is a 8-bit unsigned integer representing the maximum power the NIU/STB’shall be dllowed
to use to transmit upstream. The unit of measure is Q\8dB

Minimum Power Level

MIN| Power_Level is an 8-bit unsigned integer representing the minimum power the NIU/STB shall be
alloyed to use to transmit upstream. The unit of measure is \V5dB

Upsfream Transmission Rate

Upsjream_Transmission_Rate is a 3-bit enumerated type that indicates-the upstream transmission nate.

enyim Upstream_Transmission_Rate { Upstream_256K,
Upstream:4.544M,
Upstream,/3.088M
Reserved 3..7 };

MIN| Backoff Exponent

MIN| Backoff Exponent is an 8-bit unsigned integer.representing the minimum value of the back 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 | Interval

Idle | Interval is a 16-bit unsigned’integer representing the predefined interval for the MAC Idle Mespages.
The]unit of the measure is seconds. The value of zero indicates that no Idle Messages shall be sent.

7.8.8.9.1.3 <MAC> Sign-On Request Message

The[<MAC> SIGN-ON REQUEST message is issued periodically by the NRC to allow a NIU/STB to indi¢ate its
pregence in the network{The format of this subcommand is shown below.

Sign-On_Request_Message(){ Bits Bytes Bit Number /
Description
Sigh-On_Control_Field 1
Reserved 7 7.1
Address_Filter Params_Included 1 0:{no, yes}
Response_Collection_Time_Window 16 2
i(Sigm-On_Controt_Fietd—==
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 specities the value that the
NIU/STB should use for MAC address comparison. These eight bits are compared against the 8bit$ of the MAC
address after shifting according to the Address Position Mask.

7.8.3.9.1.4 <MAC> Sign-On Response Message

The <MAC> Sign-On Response Message is sent by the NIU/STB in response to the/ SMAC> Sign-Qn Request
Message issued by the NRC Entity.

Sign-On_Response_Message(){ Bits Bytés 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}
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
NIU/STB_Status~ \is a 32-bit field that indicates the current state of the NIU/STB. It has the following
subfields:
Netweork-"Address_Registered indicates that the Network Interface Module has registerdd its
NSAP Address with the Application Module. The NSAP Address is not currently used but renmpains
reserved for this purpose.
Pefault_Connection_Established indicates that the Network Interface Module has beg¢n
assigned Default Connection parameters.

CaHPaHO Sperato Qfataals 8 AL =Te en
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.

7.8.8.9.1.5 <MAC> Ranging and Power Calibration Message

The[<MAC> RANGING AND POWER CALIBRATION MESSAGE is sent by the NRC to the

NIUJSTB to adjust the power level or time offset the NIU/STB is using for upstream transmission. The format of
this message is shown below.

Ranging_and_Power_ Bits Bytes | BitMNumber/
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
}
}
Ranpe and Power Control(Field
Ranpe_Power_Control.Field specifies which Range and Power Control Parameters are included i) the
message.
Time Adjustment included
Tim¢_Adjustment.included is a Boolean when set, indicates that a relative Time Offset Value is in¢luded
that|the NIU/STB should use to adjust its upstream transmission.
Power Adjust Included
Power “Adjust_Included is a Boolean when set, indicates that a relative Power Control Setting is ing¢luded
in the'message

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.

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


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

ISO/IEC 16500-4:1999(E)

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
Power_Control_Setting 8 1

}

Power Control Setting
Power_Control_Setting is an 8-bit unsigned integer representing the actual power used by the NIU/STB

for upstream transmission. The unit of measure is 0,8/dB

7.8.3.9.1.7 <MAC> Initialization Complete Message

The <MAC> INITIALIZATION COMPLETE Message is sent by the NRE€\to' the NIU/STB to indicate the end of
the MAC Sign-On and Provisioning procedure. The STB/NIU shall be\disabled after receiving a nonfzero
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-bit field that indicates errors in the initialization phase. It hag the
following subfields:

Invalid_STB/NIY is a boolean that (when set to 1) indicates that the STB/NIU is invalid.

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 ranginghas not
succeeded.

TranSmitter_Error is a boolean that (when set to 1) indicates a transmitter error.

7.8.3.9:2 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}

Cyclic_Assignment 1 0:{no, yes}

Frame_Control_Field 16 2
Not_Persistent_Flag 1 15:{no,\yes}
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_Ipdicator 3 15..13
Slot_Number 13 12..0

}

}

if (Connectian~Control_Field &=

Cyclic_Assignment) {

Cantentionless_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
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
message. This parameter is not currently used but remains reserved for this purpose.

Connection Control Field
DS_ATM_CBD_Included
message.

is a 32-bit unsigned integer representing the Session that the connection parameters are

in the

is a boolean that indicates that the Downstream ATM Descriptor is included in the

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 is a 3-bit unsigned integer that provides an identifier for the upstrea
Slot_List_Included is a boolean that indicates that the Slot List is included in the message.
Cyclic_Assignment is a boolean that indicates Cyclic Assignment.

Frame Control Field

Not_Persistent_Flag is a 1 bit field that indicates whether the contentionless cofnrection assig
grants slots for consecutive cycles of the SL-ESF M-bit frame counter. If the valug'i®'0, then the asg
persistent.

Frame_Length is a 15 bit unsigned number that represents the number of Successive slots in the
access region that is associated with each contentionless slot assignment.\In the slot_list method o
it represents the number of successive slots associated with each element in the list. In the cyclic m
allocating slots it represents the number of successive slots associatedwith the Contentionless_Stg
those which are multiples of Contentionless_Distance from the Coftentionless_Start_Slot. If the
Minislot_Indicator in the Slot_Number_Field or in the Contentjohless_Start field, has a value 1..3, th
Frame_Length is interpreted in minislots. If it has a value zerghit'is interpreted in ATM slots.

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 access
greater than this shall use reservation access.

Maximum Reservation Access Message Length

Maximum_Reservation_Access_Message- Length is an 8 bit unsigned integer representing th
maximum length of a message in ATM sized cells that may be transmitted using a single reservatio
message greater than this shall be transmitted by making multiple reservation requests.
Downstream ATM Connection Blgck-Descriptor

n channel.

nment
ignment is

ontentionless
allocating slots
ethod of
rt_Slot and

e

Any message

a}

N access. Any

Downstream_ATM_CBD(Y{ Bits Bytes Bit Number
Description
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 con
resides: The unit of measure is in Hz.
Downstream_VPI is an 8-bit unsigned integer representing the ATM Virtual Path Identifier that is

nection

Ised for

dewnstream transmission over the I')\Jmnmir‘ Connection

Downstream_VCI
downstream transmission over the Dynamic Connection.
Downstream_Type
connection.
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enum Downstream_Type { QAM,
QPSK_1.544,
QPSK_3.088,

Reserved 3..255

b

Downstream MPEG Connection Block Descriptor

Downstream_CBD_MPEG(){ Bits Bytes Bit Number /
Description
Downstream_Frequency 32 4
Program Number 16 2
}

Downstream_Frequency
resigles. The unit of measure is in Hz.
Program_Number
conmection assignment.

Upsfream ATM Connection Block Descriptor

is a 32-bit unsigned integer representing the Frequency where the connégtign

is a 16-bit unsigned integer uniquely referencing the MPEG-2 TS PID of the,downstream

Upstream_ATM_CBD () { Bits Bytes Bit Number /
Description
Upstream_Frequency 32 4
Upstream_VPI 8 1
Upstream_VCI 16 2
Upstream_Parameters 1
MAC_Flag_Set 5 7.3
Upstream_Rate 3 2..0:{enum}
}

Upsjream_Frequency
Thelunit of measure is in Hz.

is a 32-bit unsigned integer representing the channel on assigned to the conneftion.

Upsiream_VPI  is an 8-bit unsigned integer representing the ATM Virtual Path Identifier that is used for
upstream transmission over the Dynamic Connection.
Upsjream_VCI is an 16-bit unsigned integer representing the ATM Virtual Identifier that is used for upgtream

trangmission over the Dynamic Connection.

MAC_Flag_Set is an 5 bit field representing the MAC Flag set assigned to the connéistibe.OOB

downstream SL-ESF frame payload structure, each set of three bytes, denoted by Rxa- Rxc, comprise alflag set.

These eight flag setre assigned the numbers Olrivthe IB downstream timing, the fiag sets are assigned the

numbers 0..19n the case of a 3.088 Mbit/s upstream channel, two successive flag sets are required to d¢fine a

3mg periodIn this case, this parameter represents the first of two successively assigned flaghsetase oa
3.088Mbit/s OOB downstream,two successive SL-ESF frames define the 3ms ifiteevBika-Rxc bytes of th
first frame represent flag.sets 0..7 while the Rxa-Rxc bytes of the second frame represent flag sets 8..15

\1%

enlim Upstream_Rate { Upstream_256K,
Upstream_1.544M,
Upstream_3.088M,

Reserved 3..7 }

Nu:{ber 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
Minislot_Indicator

case of the minislot, it indicates which minisi@ontentionless_Start is a 13 bit unsigned integer
represents the starting upstream slot within the contentionless access region that is assigned to the

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

that
NIU/STB. The

NIU/STB may use the next Frame_Length slots of the contentionless access regions. If the Minislot
a value 1..3, Contentionless_Start represents the upstream slot position in which the allocated minig
Contentionless Distance

Contentionless_Distance is 16 bit field of which the 13 LSBs represent the distancein slots b
additional slots assigned to the NIU/STB. If 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
The NIU/STB is assigned all slots that are a multiple of Contentionless_Distance from'the
Contentionless_Start_Slot. The NIU/STB may use the next Frame_Length slots of\the contentionleg
regions from each of these additional slots.

Contentionless End
Contentionless_End
contentionless access. If Contentionless_End > Contentionless_Start, then the slots assigned to thg
determined by using Contentionless_Start, Contentionless_Distance, and Frame_Length, cannot e
Contentionless_End. If Contentionless_End < Contentionless. Start, then the slots assigned to the |
determined by using Contentionless_Start, Contentionless “BRistance, and Frame_Length, must not
> Contentionless_End and < Contentionless_Start. If Contentionless_Start = Contentionless_End a
assignment is persistent, then the slots assigned to the NIU/STB, as determined by using Contentig
Contentionless_Distance, and Frame_Length will be-equivalent to the case where Contentionless__
before Contentionless_Start. In the case of minislots, the Contentionless_End defines the third mini
upstream slot position.

7.8.3.9.2.2 <MAC> Connect Response:Neéssage

The <MAC> CONNECT RESPONSEMESSAGE is sent to the NRC from the NIU/STB in response
<MAC> CONNECT MESSAGE. The-message shall be transmitted on the upstream frequency sped
<MAC> CONNECT MESSAGE: If the US frequency is different than the current US frequency, ther
procedure described in Sectign+7.8.3.5.2 shall be used before the <MAC> Connect Response Mesq

| Indicator has
lot is located.

btween
Distance
\TM slots.

S access

is a 16 hit field of which the 13 LSBs indicate the last slot that may be used for

NIU/STB, as
ceed

NIU/STB, as

ie in the region
nd the
nless_Start,
Fnd is the slot
5lot in the

to the

ified in the
the

age is sent.

Connect_Responsel Message(){ Bits Bytes Bit Number /
Description

Connection_ID 32 4

}

Connection 4D
Connection/t1D is a 32-bit unsigned integer representing a global connection Identifier for the
NIU/STB\Bynamic Connection.

7-8:3.9.2.3 <MAC> Connect Confirm Message

I'he <MAC> Connect Confirm message 1S sent irom the NRC to the NIU/STb.

Connect_Confirm_Message(){ Bit Number /

Description

Bits Bytes

Connection_ID 32 4
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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 ()}{

Reservation_ID
Reservation_Request_Slot_Count

}

Bits Bytes | Bit Number/
Description

16 2

8 1

Resprvation_ID

Resprvation_ID is a 16 bit unsigned number representing a locally assigned identifier for the connrectipn.

Thigis used as a short identifier by the NIU/STB to identify the appropriate Reservation_Grant Messagep.

Resprvation_Request_Slot_Count

Resgrvation_Request_Slot Count is an 8 bit unsigned number representing the number of slots
reqyested by the NIU/STB. This is the number of slots that will be allocated in the reseryation region of the

upstream channel. The NRC will respond with the Reservation_Acknowledge _Message granting the requiest.

7.8.8.9.2.5 <MAC> Reservation Grant Message

The|<MAC> RESERVATION GRANT MESSAGE is used to indicate to the NNJ/STB which slots have begen

allogated in response to the Reservation_Request_Me3saghIU/STB identifies its entry in the
Resgrvation_Grant_Message by comparing the Reservation_ID assigned'to it by the
Resgrvation_ID_Assignment_Message and the entries in the Reservation_Grant_Message.

Thelformat 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;IRNUMber_or_US_Channels;i++)

Minislot_Control_Field 1
Upstream_Channel_Number 3 7.5
MS_Feedback_Included 1 4:{noyes}
MS_Allocation_Included 1 3:{no;yes}
Reserved 3 2.0

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 CEntry 1 15
Reserved 3 14..12
Entry_Spreading 12 11..0
Number,*of Allocations 8 1
for-(i=0;
i<Number_of ‘Adlocations; i++)

Alloeation_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

g q g N _Request
messageAdditional Reservation_Request | Messages shall be sent only when the Remaining_Slot Count is less
thar 15.To minimize contention on the upstream channel, the Reservation_Request _Message may-bé s¢nt in one
of the slots granted by the Reservation_Grant_Message.
Grant_Control

Grant_Control 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 used for the upstregm

burgt. This number is added to the Reference_Slot to determine the actual physidabsioeceipt of this
megssage the NIU/STB is assigned Grant_Slot_Count sequential slots in the resétvation access region of the
upstream channel.

Nunpber_of US_Channels

Number_of Channels is a 8-bit unsigned integer representing the number of Upstream channels in thi
message.

Minislot_Control_Field

Upsfream_Channel_Number is a 3-bit unsigned integer representing the number of upstream channel
controlled by this downstream channel in this message.

MS |Feedback Included is a boolean that indicates that Minislot Feedback Section is included in the

vl
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MS |Allocation_Included is a boolean that indicates that Minislot Allocation Section is included in th
Minislot_Reference_Field is a 16-bit fieldof which the 13 LSBs represent the reference ATM slot

Number_of_Feedbacks is a 8-bit unsigned integer representing the number of three minislot feedback|groups
in this message.
Feeflback Offset
Feeflback Offset is a 8-bit unsigned integer representing the offset of the group of three minislots in ATM
slotg.
Feeflback Collision_Number_1

Feeflback Collision_Number_ 1 is a 8-hit unsigned integer representing the first minislot collision
identification in the,group of three minislots. The values OxFF and OxFE represent for idle and successfu
trangmission, respectively.

Feeflback Callision_Number_2

Feeflback ‘€ollision_Number_2 is a 8-bit unsigned integer representing the second minislot collision
identification in the group of three minislots. The values OxFF and OxFE represent for idle and successfu
trangrission, respectwely

FeeJUdLK bUIIIbIUlI I\IUHIUE[ _9o

Feedback_Colllsmn_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

The <MAC> Reservation ID Assignment Message is used to assign the NIU/STB a Reservalibe 1D
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.
The 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 representifnig a global connection identifier for the
NIU/STB Dynamic Connection.

Reservation_ID

Reservation_ID is a 16 bit unsigned number representing a locally assigned identifier for the cornection.
This is used as a short identifier by the NIU/STB 1o identify the appropriate Reservation_Grant_Megsages.
Grant_Protocol_Timeout
Grant_Protocol_Timeout is a 16 bit unsigned number representing the time in milliseconds that the
NIU/STB should wait before verifying the status of pending grartts parameter specifies the time thaf the
NIU/STB should wait after sending.the)Reservation_Request Message or after receiving the last
Reservation_Grant_Message, with an entry addressed to the NIU/STB containing a nonzero
Remaining_Slot_Count, beforg initiating a reservation status redfutbst.NIU/STB has pending grants gnd the
time-out occurs, it should sehd the Reservation_Status Request_Message to tlheeNRRC will respond
with the Reservation_Grant_Message (probably without granting any slots) to inform the NIU/STB of any
remaining slots left to he‘grantethis allows the NIU/STB to correct any problems should they exist sch as
issuing an additional request for slots or waiting patiently for additional grants.

7.8.3.9.2.7 <MACE> Reservation ID Response Message

The <MAGC>.Reservation ID Response Message is used to acknowledge the receipt of the <MAC>
Reservation_ID_Assignment message.
The format of the message is given below.

Reservation_ID_Response_Message (){ Bits Bytes Bit Number /
Descripiion
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
}

Resprvation_ID
Resgrvation_ID is a 16 bit unsigned number representing a locally assigned ideftifier for the connectipn.
Thigis used as a short identifier by the NIU/STB to identify the appropriate Resefvation_Grant_Messagep.
Re:[aining_Request_SIot_Count
Remaining_Request_Slot_Count is an 8 bit unsigned number represefting the number of slots that fthe
NIUJSTB is expecting to be granted.

7.8.8.9.2.9 <MAC> Reservation Acknowledge Message

Thig message is replaced by the Reservation_Grant_MessdgAYOE 1.3.1acompliant STBs.
Thig message is used to indicate to the NIU/STB which slots hiave been allocated in response to the Reservation
Reguest message. This message provides for two reservation acknowledges for each of the 8 associatefl upstream
chamnels.
The|NIU/STB identifies its entry in the Reservation_Acknowledge_Message by knowing the slot in whichlits
Resprvation_Request_Message was sent and aceepted along with its assigned upstream channel numbgr
represented by (i). When a match is found between the Reservation_Request slot and a Ch(i)_Request_[Slot, the
Ch(i) _Grant_Silot is the starting slot for the burst'transmission. The NIU/STB may use the next
Resgrvation_Request_Slot_Count slots in the reservation regions of the upstream channel.
Thelformat of the message is given beloew:

Reservation_Acknowledge, Message(){ Bits Bytes | Bit Number/
Description

Reference_Slot 16 2

for (i=1;i<=8;i++) {
Ch(i)_Reqguest_Slot
Ch(i) _Grant_Slot
Ch()\Request_Slot
Ch(i)_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

Release_Message(){ Bits Bytes | Bit Numberd/
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 Connection Identifiers
listed in the <MAC> Release Message.
Connection ID

Connection_ID is a 32-bit unsigned integer representing a-glébal Connection Identifier for the NIU/STB
Dynamic Connection.

7.8.3.9.2.11 <MAC> Release Response Message

The <MAC> RELEASE RESPONSE MESSAGE is'sent by the NIU/STB to the NRC to acknowledg¢ the release
of a connection. The format of the message is shown in the Figure below.

Release_Response_Message (){ Bits Bytes | Bit Number/
Description

Connection_ID 32 4

}

Connection ID
Connection_ID is a 324bit unsigned integer representing the global connection Identifier used by|the
NIU/STB for this connection.

7.8.3.9.2.12 <MAC>’Idle Message

The<MAC> |dle Messageis sent by the NIU/STB within the NIU/STB to the NRC at predefined interjals when
upstream connection buffers are empty. The predefined interval is transmitted in the Default Configliration
Message:

ldle_Message(){ Bits Bytes Bit Number /
Description

T

1

1ol o Fad +
aric__ OTUUTTILT _ LUUTTU

Power_Control_Setting

o Op

}

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://standardsiso.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

broddcast with th®ld_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 messagge.
Whgn not equal, the NIU/STB shall ignore the new frequency and remain on its current channel.
Transmission_Control_Message(){ Bits Bytes | Bit Numbef /
Description
Transmission_Control_Field 1
Reserved 3 ‘.5
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 &&
Old_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. . ©OB_Frequency &&
Old_Frequency_.Included) {
Old_Downstream_OOB_Frequency 32 4
}
if (Transmission_Control_Field ==
Switch:Downstream_OOB_Frequency) {
New_Downstream_OOB_Frequency 32 4
Downstream_Type 8 1 {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 Inte
Module should resume transmission on it upstream channel. The NIU/STB shall respond to
and power calibration message regardless of the setting 8fatteUpstream_Transmission

rface
the ranging

bit.

Switch_Upstream_Frequency is a Boolean when set indicates that a new upstream frequency is
included in the message. Typically, theitch_Upstream_Frequency and the
Stop_Upstream_Transmission 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 downstream

OOB frequency is included in the message.
Old Upstream Frequency

Old_Upstream_Frequency is a 32-bit unsigned integer representing the frequency that should)d
the NIU/STB to compare with its current frequency to determine if a change in channel is requited.
New Upstream Frequency

New_Upstream_Frequency is a 32-bit unsigned integer representing the reassigned upstream c
frequency. The unit of measure is Hz.

New Upstream Channel Number

New_Upstream_Channel Number is a 3-bit unsigned integer that provides andentifier for the
channel.

Upstream Rate

Upstream_Rate is an 3-bit enumerated type indicating the data rate for-the upstream connection.

e used by

arrier center

upstream

enum Upstream_Rate { Upstream_256K,
Upstream_1.544M,
Upstream_3.088M,
Reserved 3..7 ¥,

MAC_Flag_Set

MAC_Flag_Set is an 5 bit field representing the MACFlag set assigned to the connéetibe.OOB
downstream SL-ESF frame payload structure, each'set of three bytes, denoted by Rxa- Rxc,, comp|
These eight flag setere assigned the numbers Olfi‘the IB downstream timing, the &g sets are assig
numbers 0..19n the case of a 3.088 Mbit/s upstream channel, two successive flag sets are required
3ms periodln this case, this parameter represents the first of two successively assigned flagheetsasq
3.088Mbit/s OOB downstream, two successive SL-ESF frames define the 3ms ifftleeviaka-Rxc bytes
first frame represent flag sets 0..7 while the Rxa-Rxc bytes of the second frame represent flag sets
Old Downstream OOB Frequency

Old_Downstream_OOB_Frequency is a 32-bit unsigned integer representing the frequency that
used by the NIU/STB to compare with its current frequency to determine if a change in channel is re
New Downstream OOB Erequency
New_Downstream_OOB-Frequency is a 32-bit unsigned integer representing the reassigned dov
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 downstrea
connection.

Fise a flag set.

ned the

to define a
o&

of the

B..15.

should be
quired.

ynstream

Im

enum>~Downstream_Type  { Reserved,
QPSK_1.544,
QPSK_3.088,

Reserved 3..255 L

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
intended for channel maintenance by the NRC to redistribute or reassign resources allocated to a N

message is
IU/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 &=

NEeW_Downstiream_IB_FIequency){
New_Downstream_IB_Frequency 32 4

}

if (Reprovision_Control_Field &=

New_Downstream_OOB_Frequency) {
New_Downstream_OOB_Frequency 32 4
Downstream_Type 8 1 {€num}

}

if (Reprovision_Control_Field &=

New_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 &=
New_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 &=
New_Slot_List_Included ||
New_Cyclic_Assignment_Included) {
Number_of Connections 8 1
for(i=0;i<Number_df Connections;i++) {
Connection (1D 32 4
if (Reprovision_Control_Field &=
New_Slet,"List_Included) {

Number_Slots Defined 8 1

for(i=0;i<Number_Slots_Assigned;

i++){

Slot_Number_Field 16 2
Minislot_Indicator 3 15..13
Slot_Number 13 12..0
i
}
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_Upstream_Frequency_Included is a Boolean 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 ig specified
in the message.

New_Slot_List_Included is a Boolean that indicates that a new slot listis’specified in the
message.

New_Cyclical_Assignment_Included is a Boolean that indicates that 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 downstream IB
carrier center frequency. The unit of measure is Hz.
New Downstream OOB Frequency
New_Downstream_OOB_Frequency is a 32-bit unsigned integer representing the reassigned doynstream
OOB carrier center frequency. The unit of measure is Hz.
Downstream_Type
Downstream_Type is an 8-bit enumerated type indicdting the modulation format for the downstream
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 upstream crrier 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 for thg upstream
channel.

Upstream Rate

Upstream_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 h

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 is an 8-bit unsigned integer indicating the number of Connection IDs that are
being reprovisioned.
Connection ID
Connection_ID is a 32-bit unsigned integer representing a connection Identifier for the NIU/STB Dynamic
Connection.
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.

Enpm Minislot_Indicator { ATM_Slot,

11 minislot, 2 "d minislot, 3 "4 minislot, Reserved 4..7};

Slot| Number is a 13-bit unsigned integer that represents the Contentionless based Slot Number assighed to
the NIU/STB.

Contentionless_Start_Field specifies the Contentionless_Start parameters.
Minislot_Indicator is a 3-bit enum type that indicates if the slot is amATM slot or a minislot and in the
casg of the minislot, it indicates which minislot.
Enpm Minislot_Indicator { ATM_Slot,
1% minislot,
2" minislot,
3" minislot,
Reserved 4..7 };
Contentionless_Start is a 113 bit unsigned number.that represents the starting slot within the

ntionless access region that is assigned to the NIU/STB. The NIU/STB may use the next Frame_Ldgngth slots
of the contentionless access regions. If the Minislotdndicator has a value 1..3, Contentionless_Start represents the
upstream slot position in which the allocated minisiot is located.
Contentionless Distance

Contentionless_Distance is 16 bit field-of which the 13 LSBs represent the distance in slots betwegn
additional slots assigned to the NIU/STB:If the Minislot_Indicator has a value 1..3, Contentionless_Distance
refefs to minislots, if the Minislot_Indicator has a value zero, the Contentionless_Distance refers to ATM s$lots.
The|NIU/STB is assigned all slots.that are a multiple of Contentionless_Distance from the
Contentionless_Start_Slot. The(NIU/STB may use the next Frame_Length slots of the contentionless acgess
regipns from each of these additional slots.

Contentionless End

Contentionless_End i9 16 bit field of which the 13 LSBs indicate the last slot that may be used for
contentionless access?If Contentionless_End > Contentionless_Start, then the slots assigned to the NIU[STB, as
detgrmined by using.Contentionless_Start, Contentionless_Distance, and Frame_Length, cannot exceed
Contentionless sEnd. If Contentionless_End < Contentionless_Start, then the slots assigned to the NIU/STB, as
detgrmined by using Contentionless_Start, Contentionless_Distance, and Frame_Length, must not lie in [the region
> Contentionfess_End and < Contentionless_Start. If Contentionless_Start = Contentionless_End and the
assignment is persistent, then the slots assigned to the NIU/STB, as determined by using Contentionlesq_Start,
Contentionless_Distance, and Frame_Length will be equivalent to the case where Contentionless_End i$ the slot
before Contentioniess_Start. In the case of minisiots, the Contentionless_End defines the third minisiot in the
upstream slot position.

v

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 indicate
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 is a 16-bit unsigned integer representing the previously receive
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

Message Type Values are encoded according to Table.

7.8.3.9.3.4 <MAC> Status Request Message

The STATUS REQUEST message is sent by the NRC to the NIU/STB to retrieve infotmation about
NIU/STBs health, connection information and error states. The NRC can request either the address
error information, connection parameters or physical layer parameters from the NIU/STB. The NRC
request one parameter type at a time to a particular NIU/STB.

Status_Request_Message(){ Bits Bytes Bit Number /
Description
Status_Control_Field 1
Reserved 5 7.3
Status_Type 3 2..0:{enum}
}

Status Control Field
Status_Type is a 3 bit enumerated type that indicates the status information the
NIU/STB should return

d link

the
parameters,
can only

enum Status_Type { Address' Params,
Error_Params,
Connection_Params,
Physical_Layer Params,
Reserved 4..7 }

7.8.3.9.3.5 <MAC> Statug"Response Message

The <MAC> STATUS RESPONSE MESSAGE is sent by the NIU/STB in response to the <MAC> S
REQUEST MESSAGE.issued by the NRC. The contents of the information provided in this messag
depending on the request made by the NRC and the state of the NIU/STB.

TATUS
b 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_ayer_Params_inctuded T U{no, yes;}
if (Response_Fields_Included &=
Address_Params_Included) {
NSAP_Address 160 20
MAC_Address 48 6
}
if (Response_Fields_Included &=
Error_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
}
}
NIUJSTB Status
NIUJSTB_Status </-is a 32-bit field that indicates the current state of the NIU/STB. It contains the following
subfjelds:

Network/Address_Registered
NSAPR Address with the Application Modu
this purpose.

Default (‘nnnprfinn_FQfahlithd

indicates that the Network Interface Module has registered its

le. The NSAP Address is not currently used but is reseryv

ed for

indicates that the Netwaork Interface Maodule has heen

assigned Default Connection parameters.

Calibration_Operation_Complete

successfully calibrated.
Response Fields Included
Response_Fields_Included
the upstream status response.
NSAP Address

indicates that the Network Interface Module has been

is an 8 bit unsigned integer that indicates what parameters are contained in

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 error codes are

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.

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 ¥

Error Param Value

Error_Param_Value is an 16-bit unsigned integers representing error counts detected by the
NIU/STB. If the counts overflow the 16-bit range, then value returned shall be 2*16-1.

Number of Connections

Number_of Connections is an 8-bit unsigned integer that indicates the\number of connections
specified in the response.

Connection ID

Connection_ID is a 32-bit unsigned integer representing the global connection Identifier used by
NIU/STB for this connection.

Power Control Setting

Power_Control_Setting is a 8-bit unsigned integer representing the actual power used by the
for upstream transmission. Unit of measure is 0.p\dB

Time Offset Value

Time_Offset_Value is a 16-bit signed integer representing a relative offset of the upstream tran
timing. A negative value indicates an adjustmentforward in time. A positive value indicates an adjus
time. The unit of measure is 100 nsec.
Upstream Frequency
Upstream_Frequency is a 32-bit unsigned integer representing the channel on assigned to the @
The unit of measure is in Hz.

Downstream Frequency

Downstream_Frequency is a 32-bit unsigned integer representing the Frequency where the con
resides. The unit of measure.is\in Hz.

7.8.4 Minislots

7.8.4.1 Carrying Minislots

Minislots can/bé€ utilized in both in-band signaled and out-of-band signaled systems. The in-band si
the same-control fields as the out-of-band signaling inside the MAC flags, and the MAC messages 3
for bothuinband and out-of-band signaling case. The phrase minislot refers to a physical frame stru
passband upstream channel. The DAVIC 1.0...1.2 passband upstream slots are called ATM slots.

hat are

the

NIU/STB

Kmission
tment back in

onnection.

nection

jnaling uses
\re the same
cture of the

78 4 2 Minislot fr:\ming structure

The upstream slot structure is sub-divided into three 21 byte long mini-slots. Each of these minislots 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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A
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3
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A

uw SF PAYLOAD GB

UW = Unique Word|= 0XCCCCCCOE
SF = Start Field
GB =Guard Band

M = MAC indicator - set if minislot contains MAC message

R = Reserved

Figure 7.8-24. Minislot Framing:Structure.

1.3 Contention resolution for minislots

minislots may carry the Reservation Request-MAC message. The message is sent in a contention b
5lot. In the case of collision, the resolution is-earried out according to a NRC controlled ternary splitti
rithm (see Figure 7.8-25). If Stack Entry is\not set a contention based minislot may enter the conten
lution when the Collision_Number in the-Minislot contention allocation equals to zero, expecting that
y_Spreading value allows it. If Stack Entry is set, the contention based minislot may enter the conte
lution in any of contention based minislots. The NRC may allocate a group of three contention based
Slots within the boundaries of an upstream ATM slot anywhere in the reservation or contentionless re
feedback of the contentiondased minislots is transmitted in the Minislot feedback section of the
brvation_Grant_Message( The feedback in the Collision_Number equals to OxFF and OxFE for idle a
essful transmission, respectively. All other values of the Collision_Number are numbered as collisior
retransmission of thé-¢ollided contention based slots takes place in a random minislot in a group of t
Slots indicated in the*Allocation_Collision_Number in the Minislot allocation section of the
brvation_GrantiMessage.
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feedback=0xFF (error: empty slot)

feedback < OxFE (collision)

A
\J
Figure 7.8-25. Ternary Split'@@{ﬁgorithm
N\
>

7.9 Passband Unidirectional PHY on Satellite

This section describes the complete physical la; F@ucture, i.e. framing structure, channel coding and modulation
for the carriage of S1, S2 and S3 information ugh a satellite transmission system (STS). Complgte physical
layer and framing specifications are providec&br downstream information flow.

7.9.1 Satellite Downstream Tr@smission Specification

The satellite downstream transmi@n specification defined below is suitable for use on different sa’EeIIite
transponder bandwidths. It uses Quaternary Phase Shift Keying (QPSK) modulation and a concatemated error
protection strategy based g§&onvolutional code and a shortened Reed-Solomon (RS) code. The fonvolutional
coding rate can be varie wing optimization of the system performance to specific system requirements.

7.9.1.1 Framing\%&fure, channel coding and modulation

For systems w{'ﬁ&atellite downlink frequencies in the range 10 to 15 GHz, the satellite downstream| transmission
specificatio | be the “Framing structure, channel coding and modulation” defined in [ETS 300 421].

For systen&h satellite downlink frequencies in the range 2 to 6 GHz, the satellite downstream trgansmission
specif!@ shall be the “Framing structure, channel coding and modulation” defined in [ETS 300 421] with
modi interleaving depth as described in section 7.9.1.3.

A

79.1.2 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

dept

h 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).

7.10 Passband Bi-directional PHY on MMDS

Thig
refe
This
fram

and]ATM cells. Physical layer and framing specifications are provided for each information flow.

Tod

mulg-rate framing structure are specified. QAM is specified due to its performance.characteristics with re

spe

implementation.
A TCM code based on TCM defined by Wei [ITU-T V.34] is also used for:systems which require more

flexi
Gra
Gra
Gra
For
Gra
Gra
Gra

Tod
spe

7.1

7.1(
The

Physical Layer Interface supports bi-directional transmission over radio frequency (up to 10.GHz). It
red to as MMDS (Microwave Multipoint Distribution Services).

Physical Layer Interface describes the complete physical and medium access controllayer structure
ing structure, channel coding and modulation for the carriage of S1 and S2 informatien through MPH

arry downstream content information, a combination of quadrature amplitude.modulation (QAM) and

tral efficiency. Three levels of modulation, 16 QAM, 64 QAM and 256 QAM,‘are defined to allow flex

bility. Three grade levels are defined:

e A: 16 and 64 QAM

le A+ 16 and 64 QAM/TCM

le B 16, 64 and 256 QAM/TCM

he three levels the TCM shall be:

le A not required

e A+ required, but bypassable

le B required, but bypassable

arry upstream content information, a combination of DQPSK/16QAM and a multi-rate framing structu

ified.
D.1 Downstream MMDS

.1.1 Encoding/Decoding-Process

processes in the following subclauses shall be applied as shown in Figure 7.10-1.

is

,l.e.
G-2-TS

a
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re are
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Figure 7.10-1 - Conceptual block diagram of elements at the MMDS downstream head-end and receiving
site.
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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
erro f-lnm'rpnmrl ln::ar*l(r:at This code shall also he nlnlnlipd ta the Qynr‘ hym itself

7.140.1.1.4 Convolutional interleaver

Thig unit shall perform a convolutional interleaving of the error-protected packets with I=12/M=217 (for 16 pnd 64
QAN and I=204/M=1 (for 256 QAM). The periodicity of the sync bytes shall remain unchanged. To allow for
lowgr delay, the depth of the 256 QAM interleaver can be of depth 12 or 34.
7.10.1.1.5 Byte to m-tuple conversion

Thig unit shall perform a conversion of the bytes generated by the interleaver inta QAM symbols.

7.1¢0.1.1.6 Differential encoding
In ofder to get a rotation-invariant constellation, this unit shall apply a differential encoding of the two Most
Significant Bits (MSBs) of each symbol.
7.10.1.1.7 TCM encoder/decoder
Whgn used the TCM replaces ‘Byte to m-tuple conversion’ andDifferential encoding’ blocks. The TCM purpose
is to| convolutionally encode the bits into the modulation and perform the differential encoding.
Whan it is not used, it shall be bypassed.

7.10.1.1.8 Baseband shaping

Thig unit performs mapping from differentially>encoded m-tuples to | and Q signals and a square-root raiged
cosine filtering of the | and Q signals prior f0-QAM modulation.

7.10.1.1.9 QAM modulation and Physieal Interface

Thig unit performs QAM modulation: It is followed by interfacing the QAM modulated signal to the Radio
Frequency (RF) MMDS channel

7.10.1.1.10 MMDS receiver

A System receiver shathperform the inverse signal processing, as described for the modulation process above, in
ordgr to recover the'baseband signal.
7.10.1.2 MREG-2 Transport Stream

The|MPEG=2 Transport Stream is defined in [ISO/IEC 13818-1]. The Transport Stream for MPEG-2 datalis
comprised of packets having 188 bytes, with one byte for synchronization purposes, three bytes of header

Con ailala - ce-ldgden catlon-—scrampiing-ang ala a) alfalda

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

RRC

o | 10 b{
T { FIN\DOUCTIUU = 1LJVUJ Co ’

// // //
77 77 77
R R R R
synel 187 byt Synez 187 byt Syncs 187 byt Synel 187 byt
/7 ytes| yes| 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 for-16 and 6@AM. L=12, 34 or 204 for 2560AM

Sync 1 = ngh-tandomized, complemented sync byte
Sync n = non-randomized, sync byte, n =2...8

Figure 7.10-2 -Framing structure when carrying MPEG-2-TS.

7.10.1.5 Framing-structure when carrying ATM

7.10.1.5.1 +Mapping of ATM cells

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

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
188-byte ATM transport MUX packets shall be used for the carriage of ATM over a MMDS network.

function is
nvironments.

basis.
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
Packet n+1 1 byte 26 bytes 53 bytes 53 bytes 53 bytes 1 byte

Figure 7.10-3 - Framing structure when carrying ATM.

Thelfields 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 transmission convergence sublayer is used to map the ATM cells into the payload provided by the frame. Three
bytess are defined for this functionality labeled CTRLO, CTRL1, and CTRL2.(The alignment of the ATM cdlls is
synghronized to a two packet sequence as shown below. This provides rapid cell delineation and cell deljneation
recgvery after errors.
CTRLO This byte indicates that a packet is the first'0f the two packet sequence. Its vallie is
E1PSSSSSb where E, P, and S bits are)defined below. This also indicates thaf the first
byte of an ATM cell immediately follows.

CTRL1 This byte indicates that a packet is;the second of a two packet sequence. Its v@lue is
EOPSSSSSb where E, P, and Sits are defined below.
CTRL2 This byte is reserved. It will be defined for carriage of operation, administration| and

maintenance information (QAM).

Defipition 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 lpast 1
uncorrectable bit erfar’exists in the associated packet. This bit may be set to “1J' by
entities in the transport layer. When set to “1”, this bit shall not be reset to “0” upless
the bit value(s).in error have been corrected.

P (priority) The transportpriority 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 priorify set to
HOH

SSSSS (stuffing)  This/fixed 5 bit field with value 11111b. Any packet without this value should lhe
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 medis
depéndent sublayer. This means that usage of the High Reliability Marker, channel coding, byte-to-symbp
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.

7.10.1.5.2 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.

7101523 CellDelineation

Since the ATM cell boundaries are synchronous to the ATM transport MUX packets, the implementeLtion of an

ATM cell based delineation is not needed in the STB.

7.10.1.6 High Reliability Marker (HRM)

The High Reliability Marker (HRM) is system transparent tool that provides improved-packet synchr
robustness. It is a transparent tool because the inclusion or exclusion of the HRM.daes not affect in

bnization
eroperability

of DAVIC system components. This transparency is accomplished by the format, of the HRM as a fi¢
the normal payload area of a standard MPEG-2 Transport Stream (MPEG-21S) null packet. The
is assigned a value of Ox1FFF, which is the PID value that is assigned for-null packets. The HRM p
inserted into the MPEG-2 Transport Stream prior to the framing operations of randomization and in
The inclusion or exclusion of the HRM tool by DAVIC systems companents (such as STBs, Delivery ¢
Servers, etc.) shall not affect the compliance of such components,to{the DAVIC specifications.

The High Reliability Marker (HRM) consists of a 184 byte Lineard~eedback (LFSR) generated patte
packet (where HRM packet is defined as an MPEG-2 TS packet which contains the PID value Ox1F
HRM field in the packet payload) is sent in constant intervals of 204 packets. The LFSR generated
defined by the polynomial:

w3+ +x+1

with an initial seed value of 10000000.
The HRM packet is illustrated in Figure 7.1024+.

TS Pakket Heade Pavioad
- 4 Octets > < 184 Octets .
Swnc PID HRM
<+ r 44— <
8 3 13 8

Figure 7.10-4 - HRM Packet (Octet = byte)

eld carried in

cket is
rleaving.
omponents,

P‘£D of the HRM

n. The HRM
FF and the
patterns is

An imlnnrmnf feature of the HRM toolis the fact the HRM Ihar‘l(m‘ is transparent in DAVIC compaonen

ts 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 H

RM 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
trangport multiplexer. The total packet length of the MPEG-2 transport MUX packet is 188 bytes. This)indudes 1
syng 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 ofder to ensure adequate binary transitions for clock recovery, the data at the output of thesMPEG-2 transport
mulfiplex shall be randomized in accordance with the configuration depicted in Figure 7.10-5;
The|polynomial for the Pseudo Random Binary Sequence (PRBS) generator shall be:

1+ X14 + X15

Loagling of the sequence "100101010000000" into the PRBS registers, as indieated in Figure 7.10-5, shdll be
initigted at the start of every eight transport packets. To provide an initialization-signal for the derandomiger, the
MPHEG-2 sync byte of the first transport packet in a group of eight packets shall be bitwise inverted from 47hex to
B8hex.

initialization sequence
10101000 00O0O00
415|6|7]|8|9/20(11({12(13(14|15

P e

g

00000011 ... o <—
( <«

>
M
|_> 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: | 00000011 ...|

Figure 7.10-5 - Randomizer/derandomizer schematic diagram.
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nmrot vt aaur une UULPUL VT UG T T\DOJU y\-l TCTUIUT OTTUHIT VO MPPII\-U U UIC TImout Vit ur uiTe 1imot M.yl.\a I\JII\JVVII IU r I\-

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:  g(x) = (x+u9)(x+ud)(x+u?) ... (x+u19), 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.

7.10.1.7.3 Convolutional interleaving

Following the scheme of Figure 7.10-6, convolutional interleaving shall be applied to the error'protefted packets
(see Figure 7.10-2(c)). This results in an interleaved frame (see Figure 7.10-2(d)).
The convolutional interleaving process shall be based on the Forney approach, which isscompatible| with the
Ramsey type Il approach, with I=12 for 16 and 64-QAM, and 1=12, 34, or 204 for 256-QAM. The Inferleaved
frame shall be composed of overlapping error protected packets and shall be delimited by MPEG-2|sync bytes
(preserving the periodicity of 204 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) cells\(\where M = N/I, N = 204 = error
protected frame length, | = interleaving depth, j = branch index). The cells of the FIFO shall contain [l byte, and
the input and output switches shall be synchronized.
For synchronization purposes, the sync bytes and the inverted syncbytes shall be always routed info the branch
"0" of the interleaver (corresponding to a null delay).
The deinterleaver is similar, in principle, to the interleaver, but the branch indexes are reversed (i.e.[j=0
corresponds to the largest delay). The deinterleaver synchrenization is achieved by routing the first|recognized
sync byte into the "0" branch.

Convolutional Interleaver Convolutional Deinterleaver
index Sync word/r?ute
‘0 Sync word route 0‘ 0 MImIm //// M 0
77
Y . SR
/2 I\/I'\/I—Z"\Channelf I4M M—I‘Afb\
—/o3—|v||v||v|—3o %L > M —'53\——
F;Lots)i}g(e)nper YA A 7/7 B 2 M I-'Z
-1 1M v //// M -1 ‘I-l I-'l
delay = index*M,/ir:dexzo..I-l delay @-1-index)*M, index=0..I-1
M-stage FIFO shift register 1=12 for 16/64QAM 1=12, 34 or 204 for 256QAM

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 differential |5 b4 b3 b2 b1 b bS ba b3 b2 b1 ho b5 b4 b3 b2 b1[b0 b5 b4 b3 b2 {1 bo
encoder ‘ ‘

(6-bit symbols)

Symbol Z — Symbol Z¥1I  Symbol Z¥2  Symbol Z+3

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

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

7.19.1.9 Differential encoding

Theltwo most significant bits of each symbol shall then be differentially code@in order to abfirmtation-
invafiant QAM constellation. The differential encoding of the two MSBs shall be given by the following boolean
expiession:

L =(A @B )(A® 1)+ (A®@BY(A® Q)

Q« :(A<® Bk)( B® Q<—1)+( A® 3<)( B® ||+1)

Note: For the above boolean expressi@h"denotes the EXOR function, "+" denotes the logica
OR function, "." denotes the logicalFAND function and the overbar denotes inversion.

Figure 7.10-8 gives an example of implemgntation of byte to symbol conversion.
q bits bq—l ...b0 )

8 Byte ) _)
4|_) tqQ B bq Qk land Q !
from m-tuple 4) differential 4)

k
; . A b
convolutional corversion k

. I mapping
g+1y | encoding K ) Q
interleaver 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 Ul 1U 11
® ® -+ ® ®
|ka—1o € Ika—OO
10 00 00 01
® ® -+ ® ®
l l l | l | l
] ] ] ] ] ]
01 00 00 10
® ® -I- ® ®
Ika: 11 € Ika201
11 10 01 11
® ® -+ ® ®

Figure 7.10-9 - 16:QAM Constellation diagram

Q

1100 1110 0110 0100 | 1000 1001 1101 1100
®e e o ere o o o

_ 4701 1111 01110101 T 1010 1011 1111 1110 _
Q=10 e @ © ete @ Q=00

1001 1011 0011 0001 T 0010 0011 0111 0110
®e e e e t+e o

1000 1010 0010 0000 T 0000 0001 0101 0100
® e e e+ e e o o I

L)
®e e o ere o o o
0100 0101 0001 0000 J 0000 0010 1010 1000

®e e e ere e o o
0110 0111 00110010 J 0001 0011 1011 1001

1110 1111 1011 1010 4

® e O O -
1100 1101 1001 1000

. 0101 0111 1111 1101

-r® ® @ @
0100 0110 1110 1100

e _ o o o-le o e e L Q =01

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

B9800+ —0010T 0110110100 T+ 100T 111010101000

rotate 90 degrees T o001 001001 011001 010001 110001 111001 101001 100001
T © e e o o 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

Figure 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
des¢ribed above shall be applied to obtain the constellations points in the other 3 quadrants.

[ 100000 100001 100101 100100 110100 110101110001 110000
e [ ] [ ] [ ] [ ] [ ] [ ] [ ]
Tl 100010 100011 100111 100110110110 _&40111 110011 110010
e [ ] [ ] [ ] [ ] ([ ] [ ] [ ]
T[ 101010 101011 101111 101110 14340 111111 111011 111010
e [ ] [ ] [ ] L [ ] [ ] [ ]
7| 101000 101001 101101 10%100111100 111101 111001 111000
e [ ] [ ] [ ] [ ] [ ] [ ] [ ]
il 1. O, =00

001000 001001 00110% - 001100011100 011101 011001 011000 K ~ k
e [ ] ] [ ] [ ] [ ] [ ] [ ]
7| 001010 001011001111 001110 011110 011111 011011 011010
e [ ] [ ] [ ] [ ] [ ] [ ] [ ]
[ 000010 <080011 000111 000110010110 010111 010011 010010
e [ ] [ ] [ ] [ ] [ ] [ ] [ ]
7| 0000600 000001 000101 000100 010100 010101 010001 010000
S ( ] ( ] ( ] ( ] (] (] () |

| | | | | | | | | | | | | | | |

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

Fhe-MvMDSTeceiver camdetectwhether TEMTs usedor ot by tryimgandchecking is frametock s pcquired.

QAM
Reed- signal mapper
. Solomon l
— Randomizer Encoder Interleaver
Trellis J
Encoder,

Channel

Decoder ¢ \ﬂ

QAM

Trellis
Reed- | Decoder
. Solomon .
«—] Derandomizer Deinterleaver |

signal

Figure 7.10-13 - Reference model atthe transmitter and receiver site

The TCM scheme is 4 dimensional, i.e., spans over-2 consecutive symbol periods. ibiat@dally invarfant.

After an MSB first byte-to-serial conversion, bits-are converted into parallel m-tuples at half the baud 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 jout of the

3 MSBs. These two bits are then convolutionally encoded into 3 encoded bits. The 3 encoded bits gnd the 2q+1
uncoded bits are finally mapped into 2.consecutive I-Q symbols as shown in Figure 7.10-14 .

q bits from D; (bg; .... bo)
|
Byte to q bits from D; (baq.1 ... by — >
Serial
) ial t 4D
Serial to 7, . Sl
m-tuplé | 7 \igna
convérter’ 1= 2 > _ z pping
Cx Convolutional 2 o
Differential Encoder 2
Ax Encoder | 2t | rate=2/3 L | <
» 2

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
7zl _p o7l
K K K—-2

A d4gtailed reference model of the TCM encoder is shown in the following figure.

bof.bg- Uncoded bits in D;
bg{-b2g- Uncoded bits in D;
3 3
2 + + z Z » | msb
X .
B y Z2 a I
Isb
1
a + Z msb
@_ ’—ﬂ 2T Isb
Differential Encoder Convolutional Encoder Mapping

Figure 7.10-16 - Detailed reference model of the TCM encoder

7.1¢0.1.11.3 TCM Convolutional-encoder

The|convolutional encoder’is a 16 states rate 2/3 encoder that works at half the bagi @¢ained from z
and |z by the following rational equation:

z,=2,

z,=2,

Z3=2,

, ZZD3+ZlD—|—ZlD2
d 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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(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))
001 (D, Dy)
1010 (D, Dy)
1011 (D, D)
1100 (DL DY)
1101 (D,, Do)
1110 (DL Do)
1111 (D, D))

The D subsets are given for each set of g uncoded bits shown (LSB..MSB).i’'the QAM constellatiors. The
16-QAM, 64-QAM and 256-QAM constellations are shown in Figure 7.10=17; Figure 7.10-18, and F|gure 7.10-

19, respectively.

10,D3 11,D2 0003 10,D2

[ J [ J @ [ J
00,D0 01,D1 01,D0 11,01

[ J ( ] [ J [ J

| l | | | |
I I I I I
11,D3 01,D2 01,D3 00,D2

o [ 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.
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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

O O O OoT0 O O O

® O @ o @ O
0001,D0 0100,D0 | 0000,DO 1000,D0
O O O OoT0 O O O

® O e OtTe O e O
0101,00  0111,D0 111000  1010,D0

D,, D,, D3 subsets cover the non-filled dots and are obtained by rotating the
above [ subset by 90from the previous one, as shown for the 16QAM, constellation.
Figure 7.10-18 - 64-QAM uncoded bits and corresponding subset.

111110 101110 101111 101040110111 ‘106110 010111 000110
® [ ] ® ® 310 ® ® ®

101010 001010 010000 10110f,000001 100100 110110 001101
o o o ® o0 o o o

110001 000010 010100+[00111f 111010 001001 011001 011101
[ ] L [ ] ® 510 [ ] [ ] [ ]

111001 111000 4111011 0000if 011111 010010 011010 010101
[ ] L] ® o t0 [ ] [ ] [ ] I

Ll Ll Ll Ll Ll Ll
-15 -13 ‘119 -7 5 -3 -1 1 3 5 7 9 11 13 15

® ] ® ® 1O [ ] ® ®
114100 001100 101100 10011) 001111 101011 001011 011011

® ) ® e 1@ ) ® ®
011000 110000 010001 011110101001 100011 010011 110011

° ° ° o i@ ° ° °
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 identical, the error performances of the two systems are quitg different. With
large numbers of signal points, QAM systems always outperform PSK systems. The basic reason ig 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 af-phase with each other. For
the DAVIC specification, 16 QAM, 64 QAM and 256 QAM levels are defined.

Table 7-31 - Specifications for QAM Modulation (Downstream)

Modulation 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 or'€ MHz
Symbol Rate 6 MHz:\The STB shall support at least one rate wjthin

the 5 - 5.304 Mbaud symbol rate range. The
value shall be a multiple of 8 kHz.
(Informative: The Recommended value is
5.304 Mbaud)

8 MHz: The STB shall support at least one rate with
the 6 - 6.952 Mbaud symbol rate range. Th
value shall be a multiple of 8 kHz.
(Informative: The Recommended value is
6.952 Mbaud)

n

D

Transmitted 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)
Modulation 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
Inpuyt Connector temale F type
Input Impedance 750
Inpyt Return Loss > 20 dB
Subscriber Downconverter Output Specifications
Output Frequency 54 - 860 MHz
The receiver shall operate over the entirg.specified rangg.
Frequency Error < 75 kHz
Phake Noise (64 QAM) <-75 dBc/Hz@ 1 kHz

Note: for 256QAM, the phase noise specs | < -85 dBc/Hz@ 10 kHz
should be 6 dB lower (e.g. -91 dBc/Hz at 1P < -100 dBc/Hz@ 100 kHz and-above
KHZ)

Noide Figure <4.5dB
Image Rejection >40dB
IF Rgjection > 60 dB
LNB DC Power +21 V+£10% for O+ 300 mA load
(Means to cut DC.power and over current should be provided)
Output Connector female F type
Output Impedance 750
Output Return Loss > 10.dB
Output Level 50 &80 dBiV
Gain Flatness +1°dB across channel

+ 3 dB across the allocated MMDS frequency band

The
cons

7.1(
Prio

(for
the {

modulation of the System shall be\Quadrature Amplitude Modulation (QAM) with 16, 64 or 256 point
tellation diagram.
.1.13 Baseband filter characteristics

F to modulation, the L.and Q signals shall be square-root raised cosine filtered. The roll-off factor shal
5 MHZz) or 0.15 (for'8"MHz). The square-root raised cosine filter shall have a theoretical function defir
ollowing expression:

H(f)=1 for| f| < (1- @)

2
1 1. 7z |fy—|f
H(f)={5+asmm[’“7|q} for fy @—a)<|f[< fy L+ @)

5 in the

be 0.13
ed by

The

142

[ H(T)=0 for[T[> T\ (1T )

1 R . ,
fy=—"sr=— is the Nyquist frequenc
N 2T 2 yq q y
and roll-off factor oo = 0.13 (for 6 MHz) or a=0.15 (for 8 MHz).

transmitter filter characteristic is given in the following section.

where
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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

SN I | e alte nTlecos2zftN_1IN O e ot nNnNlesin(2=~
< <7 L Z- n I\ 71 AN A TZ- <n N 71 AN
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 €ach other, fo
The convolution of the transmitter filter impulse response with itself shall have lowdntersymbol interi
than -40dB (RMS).

7.10.1.13.2 Baseband filter characteristics for 8 MHz

The template given in Figure 7.10-20 shall be used as a minimum requirement for hardware implenm
Nyquist filter. This template takes into account not only the design limitations of the digital filter, but

256-QAM.
erence less

entation of the
also the

artifacts coming from the analogue processing components of the System (e.g. D/A conversion, anglogue filtering,

etc.).
The value of in-band ripple,rin the pass-band up to 0.8 $hallbe’lower than 0.4 dB. The out-of-band

rejection shall be greater than 43 dB. The ripglatrthe Nyqulist frequencyfshall be lower than 0.4 dB.
The filter shall be phase linear with the group delay rigpl@1 T, up to §, where, T = 1/R;is the symbol
period. The group delay distortion is assumed to heffom the analog filtering.

H(f
A HO
Ai‘ f N Nyquist frequency
0dB M | N
‘ 7
‘ frequency
%j rN <0.4dB
in-band.rippler,, <0.4 dB
-301dg . ()" ... S rN
: ‘ , out-of-band rejection
| ‘ > 43 dB
43 dg| | 3 // // /%
0.85fN f N 1.15fN

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,rin 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 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
AN Z
‘ frequency
' r
%: N<1.0dB
in-band rippler,,, <0.4dB N
-3.01d8 . .. 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 characteristics for 6 MHz.
7.10.1.14 Information Bit Rate

Tab
ban
non

Tab

e 7-33 and Table 7-34 give examples of the wide range of possible MMDS symbol rates and occupi¢d
iwidths for different useful bit rates considering 16~QAM, 64-QAM and 256-QAM constellations for
TCM and TCM respectively.

e 7-33 - Examples of useful bit rates Rand-total bit rates R, using recommended symbol res (roll-off 3
13% for 6 MHz and.¥oll-off = 15% for 8 MHz) for non-TCM.

144

Modulation Useful bit rate 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-QAlM 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
T6-QAMT(HRM) 197353 21216 5304 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.

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] [MHZz]
applied
[Mbit/s]
16-QAM 17.017 21.216 5.304 6.0
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 5304 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
(*) The data rate shown is the effective data rate excluding HRM. Actual bit rate of MPEG-2-TS is thle same as
for non-HRM, as HRM is inserted in the MPEG-2-TS multiplexing process and removed in the demultiplexing
process.
7.10.1.15 Transmission Convergence Layer

The downstream TDM frame range is beteen 3 and 6 msec approximately. It means that, for exa
for 40 MHz bandwidth could be performed by 700 ATM cells or 175 MPEG-2 Packets.

ple, a frame

7.10.2 Upstream MMDS

The upstream TDMA frame.length is equal to the downstream TDM frame length (3 to 6 msec). At the Access

Iess than one upstream symbol in Iength (packet guard time is 2 symbols for QPSK and 3 symbol for 16 QAM).
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.
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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

Thelupstream frame consists of F slots where F depends on the upstream modulation rate used. The F glots of a
frame are partitioned into polling slots, contention slots, and traffic slots. The relative'number of these three types
of slpts are dynamic at the discretion of the slot assignment functions, under the constraint that their total is F.

In thHe case of ATM transport, a downstream time slot consists of one ATM c¢ellThe relationship of downgtream
time| slots to upstream time slots must satisfy the following equation:

2
N,-68.8 No2048

R-2  RM

whefeR, is the upstream channel symbol rédg,is the numbe¥ of upstream time slots (ATM celd)is the
number of bits per symbol in the downstream (=4 for L6QAM, 6 for 64 QAM, 8 for 256 QAMRzisdhe
downstream symbol rate into the Reed Solomon deehigas, the number of downstream time slots (ATM cells).

Table 7-35: Example Downstream/Upstream Framing Relationship (ATM Case)

Downstream 64QAM, Trellis, B@Channel Upstream QPSK
Vi

Description % Units  |Description Units
Frame Period N 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/s  |ATM Cell Rate 13406]cells/s
ATM Rate 26.527|Mbps ATM Rate 5.684]Mbps
Time SlotEffieiency 371/376 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 2917 Coded Symbol Rate 7.2930|Msps
Trellis Code Efficiency 11112 Rsd/Rsu 4
Goded-SymbelRate 34-82401Msps QPRSKMedulation 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:

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


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

ISO/IEC 16500-4:1999(E)

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
Deseription Units—1Deseription Uhits
Frame Period 6.042|ms Frame Period 6.042|ms
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 53163

Reed Solomon Symbol Rate 29.17 Coded Symbol Rate 7.2930]Msps
Trellis Code Efficiency 1112 Rsd/Rsu 4

Coded Symbol Rate 31.8240]Msps QPSK Modulation 2

64 QAM Modulation 6 Channel Symbal Rate 3.6465|Mbaud
Channel Symbol Rate 5.3040|Mbaud  |Excess Bandwidth 1.3000|Hz/Baud
Excess Bandwidth 1.1300|Hz/Baud |Channet Bandwidth 4.7405|MHz
Channel Bandwidth 5.9935|MHz

7.10.2.1.2 Time Slot Format for 16QAM Upstream Physical Medium Dependent Layer

Since subscriber transmit power is more cost effective at MMDS frequencies than LMDS frequencig
order modulation can be used to improve spectral efficiency, throughput, and capacity. Instead of a
slot, the 16 QAM upstream will use a76:5 byte time slot which consists of 8 bytes for preamble, 53
ATM cell, 14 bytes for Reed Solomonoverhead, and 1.5 bytes of guard time. The preamble will use
symbol 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

s, higher
68 byte time
bytes for
the same 16

In the case of ATM transport, a downstream time slot consists of one ATM cell. The relationship of glownstream

time slots todupstream time slots must satisfy the following equation:

N, .204.8.2
7

N,-765-8

R,-4 Ry <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 dechiges, the number of downstream time slots (AT

M cells).
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Table 7-37: Example Downstream/Upstream Framing Relationship (ATM Case)

In th

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 47751 Reed Solomon Efﬁciency 53/67
Reed Solomon Symbol Rate 29.17 Coded Symbol Rate 3.6465|Msps
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 1.30001Hz/Baud
Excess Bandwidth 1.1300]Hz/Baud |Channel Bandwidth 1.1851IMHz
Channel Bandwidth 5.9935|MHz

e case of MPEG-2-TS transport, a downstream time slot consists of one-MPEG-2-TS packet. The rejationship

of dpwnstream time slots to upstream time slots must satisfy the following equation:
N,-765-8 N, -2048
R, -4 R, -M
whefeR, 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 QAMRzisdhe
downstream symbol rate into the Reed Solomon decligeas, 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,é)‘ﬂHi Channel Upstream 16 QAM

Description Q e 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 Slot\Efficiency 1 Time Slot Efficiency 718

Bit Rate 26.8840|Mbps Bit Rate 2.8845|Mbps

Reed Solomon Efficiency 47/51 Reed Solomon Efficiency 53167

Reed Solomon Symbol Rate 29.17 Coded Symbol Rate 3.6465|Msps

Trellis Code Efficiency 11/12 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-sighal-to-neiseratiorequiredfor 16-QAM-medulation—Fhe-cede-shall-be-the-shortened
systematic Reed-Solomon code RS(67,53,t=7). The specified code generator polynomials are given by
Code Generator Polynomial:  g(x) = (x+u9)(x+ud)(x+u?) ... (x+u13), wherep= 02hex
Field Generator Polynomial: p(x) =¥+ x4+ x3+ x2+ 1

The specified code has a block length of 255 bytes, and shall be configured as a RS(255,241, t=7) tode with
information bits preceded by 188 zero symbols. The resultant code will correct t=7 byte\efrors in ea¢ch code word.

7.10.2.2.3 Modulation

The specifications which shall apply to QPSK/16QAM modulation for the upstream channel are givgn in Table 7-
39.

Table 7-39 - Specifications for Modulation. (Upstream)

Modulation Grade A and B: Differentially encoded QPSK
Grade C: 16 QAM
Differential Encoding Bytes entering the byte-to-symbol encoder are divided into four bit
(Grade A and B pairs, each bit pair genetating one QPSK symbol. Byte boundaried
coincide with bit pair_ boundaries: that is, no bit pairs overlap two
bytes. The bit paircorresponding to the MSBs of the byte is sent finst.
Within each bit pair, the more significant bit is referred to as ‘A’ an
the less significant as ‘B’. The differential encoder shall accept bits
A,B in sequénce 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
Preamble The Preamble is four bytes: 00 FC FC F3 hex, transmitted in this dyder.
Grade A and B c"
Preamble The Preamble uses the same 16 symbol Neumann-Hoffman sequ"nce
Grade C mapped to 8 bytes in 16 QAM.
Signal Constellation The outputs I, Q from the differential encoder map to the phase stites
Grade 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 facter= 0.30

The Preamble shall be sent in the clear. Before addition of the FEC
bytes (to be calculated over the randomized ATM cell), randomizajion
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 hytes shall be calculated over the randomized 53-byte ATM
cell.
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:

Data Randomization

Serial Iput

% o

Serial Ouput

A complementary non self-synchronizing ‘derandomizer is used in fhe
receiver to recover the data. The derandomizer shall be enabled gfter
detection of the Preamble.
Derandomizer:

1 Irput
Serial QUput
Frequency Range Region Dependent (less than 10 GHz)
Frequency Resolution <500 Hz
Trarjsmitter Power Spectral The Transmitter Power Spectral Mask shall comply to the values diven

Mask in Table 7-40.
The transmit filter when convolved with itself shall have a carrier tq
intersymbol interference ratio of greater than 30 dB.

Carijier Suppression >30dB
1/Q Amplitude Imbalance <1dB
1/Q IPhase Imbalance < 2.0 degrees

Table 7-40 - QPSK or 16 QAM Upstream Transmitter Power Spectrum Mask.

[ (f-1) /1| I?Qesponse 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
Phase Noise The phase noise shall not exceed the maximum lévels shown in[rable
7-42.
Frequency Resolution <500 Hz
DC power 18 — 24 Vdc, Pow&(aiiane > 18 W (ON/OFFE<selectable)
Note: this power must be
supplied by the NIU and is not
provided over the AQ interface.
Return Loss > 13 dB (in-band)
Impedance 750
Physical Connector Type F-type female

Table 7-42 - Maximum’Phase Noise Levels

QPSK Modiilation 16 QAM Modulation
Frequency Offset [kHz] At RFU Input (NAt UPI/STB Input At RFU Input At UPI/STB Input

[dBc/HZ] [dBc/HZ] [dBc/Hz] [dBc/HZ]

1 -51 -41 -57 -47

10 -84 -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

7.10.3 MAC-Protocols and Scenarios

7.10.3.1Introduction

Thisssection describes the messages for establishing, maintaining, and managing the physical wireless media for
communication between an AlU (Air Interface Unit) at the head-end access node and an NIU (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 channelis r‘::arr_\,/i g ATM
cellg is shown in Figure 7.10-24. With ATM transport, the Access node transmits a Frame_Start AALS(RIDU with
VPINCI=0xFF/OXFFFF once per frame period MAC messages can also be sent on individual MAC/Cs
(OxHF/niu_id) to minimize processing by each NIU/STB. Note that the first cell of the Frame_Start'RDU dpes not
have to occur as the first cell of a two MUX packet sequence.

SYNC PAYLOAD

Packet n 1 byte 187 bytes ATM trangport MUX packets
SYNC PAYLOAD two-packet squenge

Packetn+l | 1 pyte 187 bytes (two-p . )

7 ATM cells + 3 control tesper twopacket squence

CTRLO | Frame Start Cell 1 [ ATM cell 2 v 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 \(\Q‘M cell 6 ATM cell 7 CTRL2
Packetn+l | 4 i | 26 bytes 53bytes | 53 bytes 53 bytes 1 byte

Figure 7.10-24 - Downstream MAC-Control Message structure (ATM structure)

The|protocol stack for ATM transport based\systems is shown in Figure 7.10-25. Downstream MAC mess$ages are
reagsembled out of MPEG-TS packets and-processed in the NIU/STB. The MAC layer communicates thjough a
Layer Management function to the Transmission Convergence layer to configure such items as the upstream
resgrved time slot allocation, etc. The 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
powgr corrections for upstream transmissions.

MAC Higher Layers MPEG-TS
t si_]
E |
£
o ATM AAL5 ATM AALS
5+
<
5]
= LMA(‘ ‘
5 |
>
(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

7.10.3.3 MAC Control Message Structure when Transmitting MPEG-TS Packets

In the case of an MPEG-TS based system, the MAC messages are carried in@ MAC PID, designateéd by MPEG-2
stream_type OxC0O. MAC messages may span more than one MPEG packetdm which case the NIU/STB processor
must perform reassembly. Receipt of the first MAC MPEG packet MAC shall be used to synchroniz¢ the

upstream frame. Because MAC messages will be inserted into the MPEG-TS by the final MPEG mltiplexer
stage, it cannot be guaranteed that the interarrival time between thefirst MAC packets of each frame will be
constant. As a result, each MAC packet shall include a time stamp‘that will be inserted at the MAC Layer between
the MPEG multiplexer and the modulator.
The MAC Control Message structure that is utilized when the’ downstream QAM channel is carryingl MPEG-2-TS
packets is shown in the following figure.

4 184
MPEG MAC Messages
Header

Figure 7.10-27 - MAC downstream message structure (MPEG-2 TS format)

MPEG Header s the 4 byte MPEG-2 Tfansport Stream Header as defined in ISO/IEC 13818-1 with|a specific
PID designated for MAC messages.
The protocol stack for MPEG-TS based systems is shown in Figure 7.10-28 and Figure 7.10-29. Dgwnstream
MAC messages are reassembled out of MPEG-TS packets and processed in the NIU/STB. The MAC layer
communicates through a Layer Management function to the Transmission Convergence layer to copfigure such
items as the upstream reServed time slot allocation, etc. The 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 corrections for upstream transmissions.

MAC Higher Layers

1 f

E |

£

o MPEG-TS MPEG-TS

©

c

351

= \82,83,84]—81

=

©

- TC Layer
PMD Layer

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

7.10.3.4.1 ATM Transport

The|downstream scheme is time division multiplex and the time slot types are-divided into frame start slgts and
random access slots. The upstream scheme is Time Division Multiple Access and the time slot types are| divided
into [polling response slots, contention slots, and reserved time slots. AllMAC messages shall be encapsplated
withjn ATM cells that shall use the UNI cell header format. The AlU_shall not send more than 7 percent of the
frame, which is about 50 cells per 6msec frame for a downstream-bit’rate of 51 Mbit/s, encapsulating MAIC PDUs
to any one NIU in order to set a limit on the amount of processing‘required by the NIU/STB. These cells, which
contiain MAC PDUSs, include those broadcast via frame start«¢o'all NIUs and cells directed to a specific NIlJ. The
poll [P] time slots sent from the NIU only contain MAC messages. The contention [C] time slots sent from the
NIU[may carry MAC messages or higher layer data. Reserved time slots sent from the NIU carry voice/dgta,

ATM cells and OAM control message cells. Since thestandom access time slots downstream and the resprved time
slotg upstream shall transport higher layer data ovetr’an ATM virtual connection, these time slots are refefenced as
[NIU].

7.10.3.4.2 MPEG-TS Transport

For pn MPEG-TS based system, the random access time slots carry PES information in MPEG-TS packets. The
MAC messages sent to a specific NIU.utilize an niu_id in the header for each 48 byte message. The 48 Qyte
mesisages are encapsulated withif:the payload of the MPEG-TS MAC packet. The AlU shall not send mgre than 7
perdent of the frame which is abeut 14 MPEG-TS packets at a downstream bit rate of 51 Mbit/s.

7.10.3.4.3 Acronyms

FS: Frame Start-Fime Slot or Frame Start MAC message
FS.p: Polling Request Type with Non-zero Poll_slot_id

C: Contentign Time Slot

P: Poll.Response Time Slot

NIU Virtual Channel (Asynchronous)

7.10.32.4 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 the frame.

For MPEG-TS based systems, the MPEG multiplexer will, in general, not guarantee that the interarrival 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
upstream_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

; ' i . ime slot
allocation messages.) In order to still be able to assign time slots synchronous to the downstream-filame start, the
MAC messages must be able to designate time slots synchronous to the frame start. Thus, thefirst(field in each
frame start shall be an 8-fiifme_num which shall be referenced by synchronous time slot allocation messages.
Since the absolute frame number is not specified in the polling request, and the polling response ti
allocation must be synchronous, all polling requests shall be in the frame start PDU.

Frame_Start() [FS] { Bits | Bytes | Bit Number / Description
upstream_frame_delay 32 4 Delay from downstream flame tg

upstream frame in units o

downstream symbols.

frame_num 8 1 0-255

MAC_message()

}

7.10.3.4.5 Random Access Time Slots

The random access slots [NIU] are all the time slots in the downstream frame except the frame starf time slots.
This is all the downstream time slots except the first time slots in the frame. The AU may transmit gn any of

these time slots whenever it has any cells that need\to be transmitted to an NIU. The cells may be QAM cells or
part of an adaptation layer SDU, e.g. AAL5. Thewrandom access slots are referenced by the symbol[NIU because
they are utilized in a more true ATM sense rather than being synchronous or semi-synchronous dug to physical
layer constraints because these are the only downstream time slots on which higher layer cells may| be transmitted
on a virtual connection.
Downstream Frame
The following figure illustrates the'downstream frame with N time slots per frame. The frame start tifne slots
always start in the first time slot: All'other time slots in the frame are available for the AlU to transpojt time
division multiplexed virtual cennection.

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/VCI is alwaysOxFF/niu_id.
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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 W#WMWMW#MW i lIs that
need to be transmitted to the AIU or across the A4 interface via the AIU. The cells may be OAM cells-ot)part of

an gdaptation layer SDU, e.g. AAL5. The reserved time slots are referenced by the symbol NIU be€ause|they are
utilied in a more true ATM sense rather than being synchronous or semi-synchronous due to physical lgyer
congtraints.

7.10.3.5 Message Structure and Message Types

The|MAC messages all utilize the same basic structure as outlined below. Every message consists of the fields:
niu_jid, msg_length, poll_slot_id, msg_type, num_msg_items, and a list of the msg jttms. Each message item

table in this document describes the fields for the message items of the type desighated by one of the mg¢ssage
typess in the message type table. The message header, i.e. the niu_id, msgength, poll_slot_id, msg_type, and
num_msg_items is not shown in these tables. Only one instance of the fieldsfor a single item in the msg| items
field|of the message is given in each message item table. If in the message header the number of messdge items is
gredter than one, the message will contains more than one instance’ef the message item. All message figlds are
unsigned unless otherwise stated. The type of each field is sufficiently defined by the following message jtem

tables in this document.

MAC_message () { Bits | Bytes | Bit Number / Description
niu_id 16 2
msg_length 16 2
poll_slot_id 8 1 Designates poll response slot.
msg_type 8 1 Identifies the message type
num_msg_items 8 1 # of message items being sent
msg_items N Variable Length Field

}

Thehiu_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, respeftively.
An niu_id = OXFFFF is used to.indicate all NIUs, i.e. it is the “multi-cast” ID. In the case of ATM, the VC hpader
may] direct this message, ta_only one NIU or may broadcast the message. In the case of MPEG-TS the
brogdcast/niu header direects 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 field makes it
easipr for an NIU4o_find the second message in the cell or AAL5 SDU. Note that the first message may ke for one
NIU] whereas the-second message may be for a different NIU.
Thepoll_slotlidlindicates which of the allocated polling response time slots shall be utilized on the upstrepm
frane thatas.designated by the synchronous_time_slot_delay. A value of 0 indicates that the NIU is not Being
pollg¢d by. this message, and this message is not enabling use of any of the polling response time slots.
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

Slot Type Delivery

[C] AIU<«<NIU/STB
[FS,NIU] AIU—NIU/STB

[FS,NIU] AIU—NIU/STB

Description

NIU request for reserved time slots.
Allocation/deallocation of reserved ti
slots.
Allocation/deallocation of contention
slots.

Allocation/deallocation of poll time slots.

me

time|

Parameters for an NIU to enter the netwark.

NIU transmit freq, power, time corrections.

status_request
status_response

mac_session_request
mac_session_connection

mac_session_release
mac_session_msg_ack

contention_slot_feedback

new_downstream_channel

[FS,NIU] AIU—NIU/STB
[FS] AIU—NIU/STB
[FS,NIU]  AIU—NIU/STB
[FS,NIU] AIU>NIU/STB
[P] AlU «<NIU/STB
[C] AIU«NIU/STB

[FS,NIU] AIU—-NIU/STB

[FS,NIU] AIU-NIU/STB
[FS.NIU, AIlU<-NIU/STB

C.P]

[FS,NIU] AIU—>NIU/STB

[FS] AIU—NIU/STB

Request specified NIU status items.
Requested NIU status items.

NIU request a session/control conne
AlU assigns VPI/VCI fof. session
connection.

AlU or NIU releases a session conn
Acknowledgment of receipt of the 3
msgs.

Command NiU to enter net on new
channel,

Contention slot stabilization feedbag

ction.

pction.
hbove

7.10.3.6 Idle Cell

The NIU shall transmit on every reserved time slot. If no‘data is available, an idle shall be transmittg

d. The AlU

may deallocate reserved time slots for an NIU thatyisnot utilizing the reserved time slots for data. The idle cells

may be used to determine upstream transmit signal calibration corrections, upstream BER, reserve
utilization, and NIU acknowledgment of reserved'time slot allocation/deallocation.

| time slot
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7.10.3.7 Upstream Time Slot Allocation

AlU

NIU

[C]

contention slat feedback

reservation_re quest

[FS]

___reserved_slot_allocation
[NIU]

____reserved_slot_allocation
[NIU]

reserved_slot_allocation
[NIU]

—>

—>

E

Figure 7.10-30 - Upstream:Time Slot Allocation

The|MAC upstream time slot allocation scenario depicts how reserved, contention, and polled time slots
trangmitting upstream from the NIU are allocated-and deallocated. The only difference in the scenario fo each of
the different type of time slots is that reserved:time slots may be requested by the NIU, and the

contention_slot_feedback message would serve to acknowledge the request. The contention and polled
are hever requested by the NIU. The AlUdecides which upstream frequency channels and time slots of {hose
chamnels should be allocated to each NWJ as a contention or polled time slot. The reserved time slot allo
differs from the contention and palled time slot allocation in that the NIU may request reserved time slots
However, the reserved times slots, like the contention and polled time slots, may be allocated by the AlU
a request from the NIU. The time slot allocation messages may be sent as an update of a previously sen
rather than a change of allocation. This is shown in the scenario. The three types of time slot allocation nessages
are glso similar in structre. Each is designated by a different message type but the fields are identical.

resgrvation_request

or

time slots
ation

without
[ message

resgrvation_requéest () { Bits | Bytes | Bit Number / Description
num dime_slots 8 1
min-VBR_packet_size 16 2

}

Thenum_time_slotsindicates the number of reserved time SIotS requested by the NTU 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 believes 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 ()
}

The contention_slot_allocation message changes or updates the allocation of upstreanicontention
NIU. Contention time slots may be used for user traffic. If upstream traffic is mostly bursty data traff

ime slots for an
c, then

contention time slot demand for time slot requests may be high. In order to stabilizethe contention time slot

time_slot_allocation ()

}

retransmission 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 | Bytés—| Bit Number / Description
poll_slot_id 8 1 Designates poll response|slot.

The poll_slot_allocation message changes or updates the allocation of upstream polling response t
NIU. Guard time slots are not allocated in the poll time slot allocation.

me slots for an

Thepoll_slot_id indicates which of the allocated palling response time slots shall be utilized on the upstream
frame that is designated by the synchronous_time_slot_delay. A value of O indicates that the NIU is|not being
polled by this message, and this message is:n@t enabling use of any of the polling response time slpts. The
synchronous_time_slot_delég/the number of-upstream frames that the poll response shall be delaygd. See the
sign_on_request message for a description of the synchronous_time_slot_delay. For each new polljng response
time slot that is allocated via a downstream channel, a poll_slot_id shall be assigned by the AlU and indicated in
the poll_slot_id field of this message.~A poll_slot _id shall not be duplicated for slots on different upsfream
channel which are allocated via .the’same downstream channel. The poll_slot_id must be unique for all upstream
time slots associated with a given downstream channel.
time_slot_allocation
time_slot_allocation () { Bits | Bytes | Bit Number / Description
upstream_frequency 16 2 in steps of 100 kHz
frame_num 8 1
time_slot \page 8 1
num_frames 8 1
change_field 1
Reserved 7 7.1
is_change 1 0:{update, change}
num_time_slots 8 1
for (iI=0,I<Knum_time_SIotS; 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

syngtronous_time—stot defay:

The|s_changebit is a boolean indicating whether this message is allocating or deallocating time slots-en (Ihe

stat¢d page of the frequency channel or is only an update which lists the time slots that are currentlyyallogated for
the NIU. The boolean is cleared for update, set for change.
Thehum_time_slotsis an 8 bit unsigned integer indicating the number of time slots (from 0 t0-127) that are in
the following list for the channel and page.
Thelime_slot_numberis an 8-bit signed integer that correspond to a time slot on the page_The first time Elot is
refefred to as 0, and the last time slot on the page is referred to as 127. If the time slot'aumber is positive (i.e. the
MSB is cleared), then the time slot is allocated. If the time slot number is negative, (i.e. the MSB is set), then the
time| slot is deallocated.

Example Upstream Time Slot Allocation
Thelfollowing figure illustrates two consecutive upstream frames with tenitime slots per frame. In this exgmple,
assume that the three NIUs transmit on only one upstream frequency channel and that the channel is the same for
all three. A possible allocation of the three types of upstream time slets at an instant in time is shown. The polling
resgonse time slot is slot number one for all three NIUs. In this case; time slots 2 and 3 are not allocated|and, thus,
can pe guard time slots. That is, if NIU #1 transmits late and agtually the polling response is received at the AlU
during time slot number 2, then the polling response does nat'interfere with any time slots allocated to other

NIUs. Also, note that NIU #4 has not entered the network.yet and, thus, has not yet been allocated any time slots
othgr than the polling response time slot that is to be used for network entry.

Table 7-43 - Example Upstream Time Slot Allocation

slot # NIU #1 NIY-#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

3

4 [C] [C] [C]
5 [C]
6 [C] [C]
7 [NIU]
8 [NIU]

9 [NIU]
10 [NIU]
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AlU NIU
poll_request
[FS.P]
1
poll response
[P]
poll_feedback(op)
[FS]

Figure 7.10-31 - Polling Handshake

AlU

status_request

NIU

e

[FS.P]
1

status_response

[P]

tx_calibration
[FS]

E—

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 mcIuded as poll_ feedback

muslt not remember its niu_id, so that the lack of response to the niu_id indicates to the AlU that the res rces
allogated to the NIU are no longer valid for that NIU and should be released. The AlIU shall declare that the NIU
is ngt responding if the AlU has not received a response to a polling request for 10 seconds: Note that thjs
assumes that the AlU is polling the NIU a minimum of every 2 seconds as stated in this.do¢ument. If the Jack of
NIU|response or lack of receipt of the response at the AlU is due to a temporary loss of. communication Jersus a
morg catastrophic loss of power, then this 10 seconds interval accommodates most periods of communidation
loss| If, however, a communication loss is sustained for a period longer than 10 seconds, then the AlU shall
trangmit a sign_on_request message to the NIU with a different niu_id. The association of a new niu_id with the
seri@al number in the sign_on_request message indicates to the NIU that thé-AlU has lost communication|with the
NIUJand, thus, that the AlU has released the allocated resources for thatNIU, and the NIU shall release |ts
allogated resources. The AlU shall not transmit a new niu_id for an NIU'via the sign_on_request message unless
the AIU is releasing all the resources allocated for that NIU. For every~new niu_id, the NIU shall perform the
network entry process again. During a temporary communication Joss, the NIU is not calibrated on the sgecified
intefqval. Therefore, when communication is reestablished, the NIU may be unsatisfactorily calibrated such that the

Thelfigure below shows that many more downstream cells@are transmitted for every upstream cell. The fiyst
dowpstream frame start cell is indicated by the shaded time slot. To the left of the downstream frame is gn
indigation of which NIU is polled in the downstream frame start. Refer to the allocation of upstream time glots in
the Example Upstream Time Slot AllocatimntheTime Slot Allocatiorsection of this document. The allocation
of tie slots in the allocation example is assumed in this example. Note that NIU #4 has not entered the hetwork
yet and, thus, its upstream transmit signal has'not yet been calibrated. Thus, the polling response from NIU #4 is
recdived on later time slots at the AlU than(is allocated for NIU #4's polling response time slot. Also, notg that the
polling response by the NIUs are delayed*by one upstream frame after the polling request is received.
Furthermore, the upstream frame is received with an offset delay due to a constant path length difference¢ between
NIU$. So long as that difference is:a‘constant, and does not vary between NIUs that may access the sanme
upstream frame or frames, thenhis 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 #2C]

N{U #3 [NIU]

NIU #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]

NIU #4 [P]

[FS] Poll NIU #2

NIU #3 [NIU]

o|~Njo|a [Mwlnvk(Slojo|N|o|o [(MMw[nkSlo]o|N|o|o [sevsfSlo|o|N|o|o [sMe[n| k| Slo]o|N|o|o (v k| So]o|N|o|ox

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.
niu_rx_power 8 1 in steps of 0.2 dB below -30 dBm;

}

Thepiu_tx_LO_offset is a signed integer with a resolution of 1 kHz where a positive valuevindicates th@t the

for the transmitted signal is offset higher than the nominal LO value by this amount. This§value includes gny short
loop,, as well as, MAC controlled long loop corrections.
Thehiu_rx_LO_offset is a signed integer with a resolution of 1 kHz where a positivewvalue indicates that the LO
for the received signal is offset higher than the nominal LO value by this amount:
Thehiu_tx_time_offsetis a signed integer with a resolution of a .5 downstream_modulation symbol which equals
1 dgwnstream sample clock period where a positive value indicates that the'NIU is delaying its transmit, and a
negdtive value indicates that the NIU is transmitting earlier than nominally~expected.
Thehiu_tx_power is a negative integer with a resolution of 0.2 dB below -10 dBm.
Thehiu_rx_power is a negative integer with a resolution of 0.2 dB.below -30 dBm.

tx_cplibration

tx_cplibration() Bits Bytes Bit Number / Description
freq_offset_value 8 1 in steps of 1 kHz
time_offset_value 16 2 in steps of half a downstream symbol
power_offset value 8 1 in steps of 0.2dB

}

The|offset values for the upstream transmit'signal from the NIU are sent in this message.
Thefreq_offset_valueis a signed integerwith a resolution of 1kHz where a positive value indicates that the NIU
sholld increase its frequency, and a negative value indicates that the NIU should decrease its transmit frequency.
Thetime_offset_valueis a signed integer with a resolution of a 0.5 downstream modulation symbol which|equals

1 dgwnstream sample clock period-where a positive value indicates that the NIU should delay its transmif, and a
negative value indicates that the NIU should transmit sooner.
Thepower_offset_values & Signed integer with a resolution of 0.2 dB where a positive value indicates that the
NIU|[should raise its power; and a negative value indicates that the NIU should lower it transmit power. In
addition to these power)offset values from the AlU, the NIU shall implement an automatic transmit power
corrgection algorithanbased on the downstream received signal. Poll requests do not need to be sent in ofder to
detgrmine the NIUs transmit signal offset values. This would be possible if the head-end is capable of defermining
timing, etc. adjustments from traffic time slots.

7.19.39 Network Entry

ThelAld pnlle each of the NlUs on at least one of the downstream frnqllnnr‘y channels in a group Beford 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

[R]
1

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
}
Thepign_on_requeshas two parts, the serial_no, which indicates to the NIU that it is assigned to the
downstream frequency channel that is transmitting this message, and the upstream_signal_config, which

by the NIU to configure it upstream transmitted signal.
hum_serial_no_byteds an 8-bit unsigned integer indicating the number of bytes in the Serial_no, or ldast-

The
sign
The
The

ups
The
toe
The
sym
PID

no Ig¢ss than 37 percent of the frame length. Note that the cells:\which encapsulate MAC PDUs to be tran
downstream frame n, which is designated by frame start frame number n, shall be transmitted to the NIU
than the first 7 percent of frame n+1. This allows the NIJ-30 percent of the frame time to process the ma
MAC PDUs that may be received in one frame.

synchronous_time_slot_delays an 8-bit unsigned;integer indicating which upstream frame in which the
should start utilizing a synchronously allocated*time slot such as a polling response time slot. (See time slot
allogation messages.) The start of the next upstream frame after the time slot message is received is fra;re number

The
NIU

1.
The

upsleam modulation symbols. Note that this is always an integer. This ratio is tsed by the NIU to set th¢

ficant bytes of the serial number, that are in this message. The maximum number af-bytes is 20.
serial_no_bytess a variable length field representing the serial_no, MS-byte first,
symbol_rate ratiois an 8-bit unsigned integer indicating the ratio of downstream_modulation symbolg

eam data rate.

hable the NIU to use higher order modulation. Valid values are 2 for,QPSK, and 4 for 16QAM.
Lipstream_frame_delayis a 32-bit unsigned integer indicating thechumber of downstream Reed Solon

In order to define a lower limit for the time to process the MAC PDUs, the upstream_frame_delay sh
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num_pwr_retries is an 8-bit unsigned-integer indicating the number of times that the NIU shall attempt to
entdr the network at the same power levél 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

—>

2 1
at__ STOOIUTT_TTTS Y __dalR I

[NIU]

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]

‘7

L

Figure 7.10-34 - MAC(Session Connections

MAC session connections are ATM connectionsibetween the NIU and AlU that transport communic
two control entities. The control entities may or-may not reside in the NIU and AlU. It may be neces
connection assigned by this mac_session~connection message be switched to other virtual connec
more times to reach the control entity.

In order to establish a session connection, it is not necessary that the NIU request a connection. Th
simply establish the connection by sending a mac_session_connection message to the NIU. In the

transport, the first MAC session‘connection is known by default as VPI = OxFF, VCI = niu_id. This s
MAC connection for transporting MAC messages in the downstream random access time slots and
upstream reserved time slats. In the case of MPEG-TS transport, the MAC session is known by def
Header Ox1FFF and the‘broadcast/niu header corresponding to the niu_id.

Due to the shared wireless physical media, assigning a different MAC session connection for each

the need for every\NIU to process every MAC session connection cell to identify which cell payload
niu_id.

All session e¢onnection messages require an acknowledgment via the mac_session_msg_ack mess
mac_session” msg_ack message sent by an AlU to an NIU, or by an NIU to an AlU, must be compl
by the NIU, or AlU, within 2 seconds from the time that the MAC session message is sent by the NI
Any MAC session message sent by the NIU or AIU that does not receive acknowledgment within th
time shall immediately be resent. As long as the acknowledgment is not received, the MAC session

ation between
bary that the
ions one or

e AlU may
case of ATM
pssion is the
n the

ault as MAC

NIU alleviates
5 contain its

pge. A

btely received
), or AlU.

b specified
message shall

be’resent a minimum of 5 times. If the message becomes invalid during this process, the NIU and A

IU 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 dafa do not require a mac_sesgu@st message and handshake.
Thepiu_session_ids a unique number for that session for the one NIU designated by the niu_id in theymsg
heagler.

Thepession_typeas an enumerated type and indicates to the AlU to which entity at the head-end.that the
control connection should be made. The session connection can be uni-directional to supportwuni-directio
conmections or bi-directional to support bi-directional connections.

enlim Session_Type { MAC_CONTROL
Reserved 1..255 };

To request a bi-directional connection, set bothdthenstreamandupstream bits.(Otherwise, set either the
upstream or downstream bit to indicate the direction of the requested uni-diréctional connection.

mag session_connection

ssage

bession
nal

mad_session_connection() { Bits | Bytes | Bit Number / Description
niu_session_id 32 4
session_type 8 1 {enum}
Downstream
VPI 8 1 VPI/VCI = 0/0 indicates
VCI 16 2 no assignment is made
Upstream
VPI 8 1 VPI/VCI = 0/0 indicates
VCI 16 2 no assignment is made
}

The|mac_sessiogonnection specifies the VC, i.e. VPI/VCI, or the broadcast/niu header that the NIU musf
for the requested session connection. The session connection can be uni-directional to support uni-direc
conmections. The downstream YPhand downstream VCI are the VPI/VCI for use in the downstream direg
Thelupstream VPI and upstream VCI are the VPI/VCI for use in the upstream direction. For a bi-direction
conmection the upstream and downstream VPI/VCI may be the same but are not required to be. In the ca
direg¢tional connections, the reverse direction is null as indicated by VPI/VCI = 0/0 in that direction. In the
MPEG-TS, the downstream VCI field shall be interpreted as the niu_id. A different control connection for
signpling may be assigned for each port of the STU for support of simultaneous signaling control flows fr
same STU.

Thepession_typas an enumerated type and indicates to the AlU to which entity the session control conné
shodild be made.

use
ional
tion.

al

se of uni-
case of

bm the

ction

en|||m Session_Type { MAC_CONTROL

B 4 oYl wd
RESCIVEU 1..2090 i)

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 NIU

___new_downstream_channel >
[NIU]
1

reserved_slot_allocation
| _Slot_ >
[NIU]

__new_downstream_channel
INIU] <
]

reserved_slot_allocation
— = —»
[NIU]

___new_downstream_channel »
[NIU]

réserved_slot_allocation
[NIU] 'I
]

Figure 7.10-35 - Sector Load Balance

new_downstream_channel

new_downstreams.channel() { Bits Bytes Bit Number / Description
downstream_frequency 32 4 in steps of 1 MHz
channel/ symbol_rate 32 4 in steps of 8 kbaud
bits»~per_symbol 8 1 16QAM =4, 64QAM = 6, 256QAM

=8

roll_off factor 8 1 {enum}
trellis_coding_enable 8 1 0 = disabled, nonzero = enaljled

I

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.
Theroll-off_factor field specifies the roll-off factor (0.2 or 0.35) in an enumerated type.

enum roll-off_factor { 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

cont|ention_slot_feedback

contention_slot_feedback() { Bits Bytes | Bit Number / Descriptian

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 MSBs
contention_slot_status 2 {enum}

}

}

The|contention_slot_feedback message is used by the AlU to send feedback:to the NIU for contention tifne slot

reuge algorithm stabilization. For the time slots in the upstream channelsifor a given downstream channg

contention_slot_feedback message shall be sent on every frame start to-give status of the last completel

upsfream frame. For each upstream frequency, the message contains. the probability of retransmission, 4

contiains specific receipt feedback information for each time slot starting from the lowest numbered time

time] slot number 0 or the first time slot, in the upstream frame 1o.the last time slot in the frame that is allo

a contention time slot.

Thepupstream_frequencyis a 16-bit unsigned integer indicating the upstream at the NIU IF output in 100k

ste

Thefetransmission_probability is an 8-bit fractional representation of the probability of collision if the NIU

trangmits on a contention time slot in the next frame-on that upstream channel.

Thehum_time_slotsis a 16-bit unsigned integer-indicating the number of time slots that are in the followin

for the upstream frequency.

Thefontention_slot_statudist begins with the MS 2-bits of the byte following the num_time_slots field. Fo

confention_slot_status fields are packed into this and each additional byte. If status for more than four tin

are given for one upstream frequency, then the fifth status is in the MS 2-bits of the next byte, etc. The 2

indigate either idle, receipt, collision,*or unused.

Idle indicates that no NIU transmitted on the contention time slot.

Receipt indicates that only one NIU transmitted on the contention time slot, and, thus, the con
have been successfully received at the AlU.

Collision indicates that two or more NIU transmitted on the contention time slot, and, thus, sinc
eollision occurred, none of the transmissions on the time slot have been successfully
received at the AlU.

Unused indicates that this time slot is not allocated as a contention time slot.

enlim copfention_slot_status  { Idle,
Receipt,

I, the
received

ind it

blot, i.e.

cated as

Hz

g list
Lir

ne slots
bits can

lents

Collision,

Unused ¥
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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

LIDLICTD na T | ++h LIDLICTD B tox o 2111 baovas +h daovauacts Bna o= IET-V-Y 13

VT ITOTD do TTTCdouTCUuU Al U110 UT 17O T D LUUTINICoiLurT .1 IUUIC L L7 L OTTUVWO UTC UUVWITOUTCAIllT Aarmu ulJJLIC

allocation.

Downstream
A QPSK/QAM modulated channels
| | | |
| |
400 700 [/ Ll ].m IF [MHZ]

950 2050

| |
\'Z DQPSK modulated channels

Upstream

Figure 7.11-1 - Conceptual lllustration of LMDS Spectrum Channelization

Two frame structures are provided for dewnstream data transmission, one for MPEG-2 Transport S
other for ATM-cell-transfer.

7.11.1 Downstream LMDS

7.11.1.1 Encoding Decoding Process

The processes in thelfallowing subclauses shall be applied as shown in Figure 7.11-2.

m spectrum

freams and the
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Figure 7.11-2 - Conceptual block diagram of elements at the LMDS head-end and receiving site.

© ISO/IEC 1999 - All rights reserved

DAVIC 1.3.1a Part 8 (1999)

174


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

ISO/IEC 16500-4:1999(E)

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
prrnr-prntnr‘fpd Inm‘l(.':-'r This code shall also he npplipd ta the Sync hyrp itself

7.11.1.1.1.4 Convolutional interleaver
This unit shall perform a convolutional interleaving of the error-protected packets with I=12/M=17. The
periodicity 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 7/8 obtained by puncfuring 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 to-and Q signals and a square-ro¢t raised
cosine filtering of the | and Q signals prior to QPSK modulations
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
QPSK/16-QAM modulated signal to the Intermediate Frequency (IF) channel.
7.11.1.1.1.8 LMDS receiver

A System receiver shall perform the inverse-signal processing, as described for the modulation pro¢ess above, in
order to recover the baseband signal.
7.11.1.2 MPEG-2 Transport Stream

The MPEG-2 Transport Streamis 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.

7.11.1.3 Asynchronous Transfer Mode Stream

The Asynchroneus Transfer Mode stream is defined in [ITU-T 1.361]. An ATM stream is comprised ¢f packets
having 53 bytes, with a five byte header including connection identification and header error control| followed by
48 bytes.of ATM payload.

7.21.:1.4 Framing Structure when carrying MPEG-2-TS

A

e el £ + H et o) lo <l %l DO o ] s 4 % b ) + £ + h II
He-framimgorganizattonshat-bebasedofrthe MPEG-2-TSpacket structure—Thesystemframig-structure sha

be as shown in Figure 7.11-3.
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(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 ),
/7 /7 /7

(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 203 bytes
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 byfe;n = 2...8

Figure 7.11-3 -Framing structure when carrying MPEG-2-TS.

[.1.5 Framing structure when carrying ATM

.1.5.1 Mapping of ATM cells

\ming structure is required to transport ATM over a LMDS network. This structure provides synchron
hterleaving and FECtblock alignment appropriate to the coax environment. This function is similar to
ided by SDH and(SONET frames for similar functions related to their respective environments.
structure supports the carriage of the ATM services needed for DAVIC 1.3.1a functionality. The

byte ATM transport MUX packets shall be used for the carriage of ATM over a LMDS network. This

S (b), (C) and (d) shown in Figure 7.11-3 shall also apply to ATM transport MUX packets.

whe
dem

176

ux. This physical transport frame should not be assumed to be an MPEG-2-TS frame.
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cture provides synchronization and payload. The format of the packet structure is shown in Figure 7.11-4. The

that'although the framing structure when carrying ATM cells uses the same length packets as for the case of

-TS

rved


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

ISO/IEC 16500-4:1999(E)

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 1 byte 26 bytes 53 bytes 53 bytes 53 bytes 1 byte

Figure 7.11-4 - Framing structure when carrying ATM.

The 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 01000111b used for frame
synchronization.
PAYLOAD This field carries 187 bytes of payload and is desctibed in detail below.

A transmission convergence sublayer is used to map the ATM cells into the payload provided by th¢ frame. Three

bytes are defined for this functionality labeled CTRLO, CTRL1, and CTRL2. The alignment of the AT

M cells is

synchronized to a two packet sequence as shown below. This providesTrapid cell delineation and c¢ll delineation
recovery after errors..

CTRLO This byte indicates that a packet is thefirst of the two packet sequence. Its value is
E1PSSSSSh where E, P, and S hits are defined below. This also indicatef 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.|Its value is
EOPSSSSSb where E, P, and S bits are defined below.

CTRL2 This byte is reserved. It will be defined for carriage of operation, administiation, and

maintenance information (OAM).
Definition of E, P and S bit setting:

E (error) The transport error indicator is a 1 bit flag. When set to “17, it indicates that at least 1
uncorrectable bit“error exists in the associated packet. This bit may be sef to “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
IIOH'
This fixed 5 bit field with value 11111b. Any packet without this value sh

SSSSS (stuffing)
discarded. This could indicate that the associated packet is used for stuffi

and does not contain valid payload. One or more of these packets may bg

anywhere in the stream.

Driority set to

buld be
g purposes
placed

ATM TransportMUX packets and MPEG-2 Transport MUX packets shall have a common physical [nedia

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

symbol
ransport of

721.1.5.2 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

Sindethe ATM cell boundaries are synchronous to the ATM tfransport MUX packets, the implementation pf an
ATM cell based delineation is not needed in the STB.

7.11.1.6 High Reliability Marker (HRM)

The|High Reliability Marker (HRM) is system transparent tool that provides improved packet.synchronization
robystness. It is a transparent tool because the inclusion or exclusion of the HRM does notyaffect interopgrability
of DAVIC system components. This transparency is accomplished by the format of the.HRM as a field cdrried in
the pormal payload area of a standard MPEG-2 Transport Stream (MPEG-2-TS) null packet. The PID of the HRM
is agsigned a value of OX1FFF, which is the PID value that is assigned for null packets. The HRM packet|is
insefted into the MPEG-2 Transport Stream prior to the framing operations of randomization and interleaying.
Thelfinclusion or exclusion of the HRM tool by DAVIC systems components (such’'as STBs, Delivery compgnents,
Seryers, etc.) 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 pattern. 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 patteqns is
defimed by the polynomial:

X +xe+x°+x+1

with|an initial seed value of 10000000.
The|HRM packet is illustrated in Figure 7.11-5.

TS Padkket Heade Pavioad
- 4 Octets RN 184 Octets .
Swnc PID HRM
<+ r{4—r<4—I <>
8 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 wtfich do
not wtilize the HRM tool and this transparency allows for full in’rnrnlnpmhiliry hetween DAVIC companent
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) tollowing.thge MPEG-2-TS
multiplexer. The total packet length of the MPEG-2-TS packet is 188 bytes. This includes 1 syncswdrd byte (i.e.
47hex). The processing order at the transmitting side shall always start from the MSB (i.e. 0).ofthe pync word-
byte (i.e. 01000111).
In order to ensure adequate binary transitions for clock recovery, the data at the outputcefthe MPEG-2-TS
multiplexer shall be randomized in accordance with the configuration depicted in Figure)7.11-6.
The polynomial for the Pseudo Random Binary Sequence (PRBS) generator shall be:

1+ X14+ Xl5

Loading 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 deranglomizer, the
MPEG-2 sync byte of the first transport packet in a group of eight packets shall be bitwise inverted from 47hex to
B8hex.

initialization sequence
1 0101030 00O0O0O
4(5|16|7(8¢9|10(11)12|13(14|15

=

—»

0000001%L... €

EX-O
B
>

S e
|—) 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 hit at the output of the PRBS aeneratar shall he annlied to the first bit of the first bvte follow |ng the
Lo J Ll 7J

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.

Follpwing the scheme of Figure 7.11-7, convolutional interleaving shall be applied to the error protected-packets
(sed Figure 7.11-3 (c)). This results is an interleaved frame (see Figure 7.11-3 (d)).
The|convolutional interleaving process shall be based on the Forney approach, which is compatible with [the

packets and shall be delimited by MPEG-2 sync bytes (preserving the periodicity of 204 bytes).
Thelinterleaver is composed of | branches, cyclically connected to the input byte-stream by the input switch. Each
brarjch shall be a First In First Out (FIFO) shift register, with depth (M) cells (where M =N/I, N = 204 = efror
protected frame length, | = interleaving depth, j = branch index). The cells of the FIFO shall contain 1 bytg, and
the input and output switches shall be synchronized.
For pynchronization purposes, the sync bytes and the inverted sync bytes shall be always routed into the| branch
"0" of the interleaver (corresponding to a null delay).

Theldeinterleaver is similar, in principle, to the interleaver, but the branchiindexes are reversed (i.e.j=0
corresponds to the largest delay). The deinterleaver synchronizationds achieved by routing the first recognized
syng byte into the "0" branch.

Convolutional Interleaver Convolutional Deinterleaver
) Sync word route
index /)
0 Sync word route 0. 0 MIMTm //// M 0
77

2 2 -4 -4
P [7) S\ ISP /B0 7 ) ) B

1/ S MMMl 3 %L 13

1 |oyte per I-2 ||V| -2
pgsition - 7/* n ®
-1 -1 -1 -1
MMM [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

Figure 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 o
the convolutional interleaver shall be input to the convolutional encoder MSB first.

Table 7-45 - Punctured code definition

utput from

Original code Code rates
Y 2/3 3/4 5/6 718
K G1 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=Y1 Q:Y1XQY/I Q=Y1X’a Q=Y]X3 5 Q=Y1Y3X5Xz
Notel: 1 = transmitted bit Note2: X,Y,l and Q bit sequences are shown,\vith
0 = non transmitted bit increasing time from left to right
B
A X
ST T iy OUT
VV\ ) 4 VV\ ) 4 Y
® D— D H—
Figure 7.11-8 - Convolutional Encoder with rate 1/2.
7.11.1.8 QPSK Constellation Mapping
The byte-to-symbol mapping when using QPSKmodulation is included in the convolutional code definition given

in Table 7-45.

The system shall employ conventional Gray-coded QPSK modulation with absolute mapping (no differential

encoding). For QPSK modulation, bit mapping in the signal space as given in the constellation diag
7.11-9 shall be used. The constellation‘points represent the (IQ) bit couples as output from the cony
encoder.

0 )

10 00

01
[ ]

11
o

am in Figure
olutional

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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The

Byte V I Byte V+1 | Byte V+2
From interleaver | b7 b6 b5 b4 b3 b2 bl by b7 b6 b5 b4 b3 b2 bl b{ b7 b6 b5 b4 b3 b2 bl b
output (bytes)

Y Y
To Gre-coded |3 b2 b1 b b3 b2 bl bdb3 b2 bl b(b3 b2 bl bdb3 b2 bl b(b3 b2 bl b
mapping
(4-bit symbols) ‘ ! ! ‘

before Z+1.

Figure 7.11-10 - Byte to symbol conversion for 16QAM.

Figure 7.11-11 shall be used. The constellation points represent the (b3b2b1b0) symbols as output from

to-s

7.1]

The
(RF

mbol mapping.
1011 1010 0010 0041
) [ ] -T- ) )
1001 1000 0000 0001
) [ ] -T- ] )
l l l l l l I
I I I I I I
1101 1100 0100 0101
) (] -T- ) )
11471 1110 0110 0111
® [ ] -T- ) )

Figure 7.11-11 - 16 QAM Constellation diagram

[.1.10 .QPSK and 16-QAM Modulation

J}-and the UPI/STB at the physical connector of the UPI/STB.

NOTE 2: In this conversion, each byte results in 2 symbols, labeled Z, Z+1, ... etc. with Z being transmitted

system shall employ conventional Gray-coded 16QAM modulation with absolute mapping (no differgntial
encgding). For 16QAM modulation, bit mapping in the signal space as given in the constellation diagram|in

the byte-

Table(7-46 shows the general specifications for the Physical Interface between the Radio Frequency Unit
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Table 7-46 - Specifications 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.

T e TECEIVET Sthalt operate over the entire specified freguency rpnge.

Symbol Rate

14.81 - 33.33 Mbaud in 8 kbaud units

Transmitted 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 valueqd for

the roll-off factor, while the receiver'shall support both

values.
Impedance 75Q
Receive Level at the IF Physical Interface | -60 to -30 dBm
input
Adjacent Channel level variation +2dB
Return Loss > 13 dB (in-band)
In-band Flatness +0.5dB

Phase Noise

The phase shalknot exceed the levels given in Table|7-47.

Spectral Inversion

The receiveréhall accept an input spectrum that is eifher invdrted or

noninvertedxThis allows for either high-side or low-sid¢ local
oscillator injection when upconverting at transmitter side.

Table 7-47 - Maximum Phase Noise Levels

QPSK Modulation 16QAM Modulation
Frequency Offset [kHz] At RFU Input | At UPI/STB Input At RFU Input At UPI/STB Input

[dBc/HzZ] [dBc/HZ] [dBc/HZ] [dBc/HZ]

1 -51 -41 -57 -47

10 -81 -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

7.11.1.11-Baseband filter characteristics

Prior toxmodulation, the | and Q signals shall be square-root raised cosine filtered. The roll-off factof
or 0.85> The square-root raised cosine filter shall have a theoretical function defined by the following

shall
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H(f)=1 for| f| < f (1- @)

2 27 2f
H(f)=0

2
fy—|f
H(f)={1+lsini[’“—|q} for f, 1-a)<|f|< fy @+ a)
N a
for|f|> f\ (1+ )

2T, 2 is the Nyquist frequency
and roll-off factor o = 0.20 or 0.35.

fy 1 R

where

A trd
both
7.11

The
spe
Rec
Spe

The
30d

7.1]
Thig

insmitter shall support at least one of the two values for the roll-off factor, while the receiver shall sug

values.

[.1.12 Transmit spectral mask

Table 7-48 - Recommended Downstream Transmitter Power-Spectral Mask.

infofmation bit rate is wide.

Info

[ (F-f) /| QPSK 16QAM Tolerance
Response Response [dB]
[dB] [dB]
<lw 0 0 +0.25
at 1 -3 -3 +0.5
at 1+o, <-22 <24 -
at 2o, <-30 <-36 -
>2 <-32 < -40 -
transmit filter when convolved with itself shall’have a carrier to intersymbol interference ratio of great|
B.
.1.13 Information bit rate

system employs different channel bandwidths and different convolutional encoder rates and so the |
mative: 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]

port

transmit power spectral mask shall be applied at the LMDS transmitter side in order to\provide minimium
trum emission and interference with adjacent channels.
bmmended values for the Power Spectral Mask are listed in Table 7-48 (informative values). The Po
Ctral Mask is applied symmetrically around the carrier frequegcy (f

jver

er than

ange of

dhannel 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
40 MHz 16.67 15.36 20.48 23.04 25.60 26.88
40 MHz 33.33 30.72 40.96 46.08 51.20 53.76
Note: These values are evaluated for a roll-off factor value of 0.2 with QPSK modulation.
7.11TTT4 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 syn

chronization

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 specified upstream time slot structure is shown in Figure 7.11-12. A slot is 68 bytes long;.consi
preamble, one ATM cell, 10 Reed Solomon check bytes, and 1 byte of guard time for upstteam syn
error. The preamble shall be set to [0OFCFCF3]hex and, unlike the other 64 bytes in the upstream t
preamble shall not differentially encoded. This results in a preamble modulated on the carrier as a 1
BPSK modulated Neuman-Hoffman sequence [0000 1110 1110 1101].

The one-byte guard time provides for upstream synchronization error after netentry. The preamble
in of upstream timing during net entry, as well as measurement of upstreamdiming error to support

of upstream synchronization after net entry.

»
»

<&
<

pam 68 byTes upstream Siot =
4 bytes 53 bytes 10 bytes 1 byte
Preamble ATM cell R-S Parity Guard

Figure 7.11-12 - Upstream Time Slot Structure

The upstream frame consists of F slots where F depends’on the upstream modulation rate used. Tk
frame are partitioned into polling slots, contention slets, and traffic slots. The relative number of thes
of slots are dynamic at the discretion of the slot assignment functions, under the constraint that thei

5ting of a
chronization
me slot, the
6 symbol

supports pull-
maintenance

e F slots of a
e three types
total is F.

In the case of ATM transport, a downstream time slot consists of one ATM cell. The relationship of gownstream

time slots to upstream time slots must satisfy,the following equation:

2
N, 688 N, 20482
R, -2 R, -2

whereRy is the upstream channel symbol radg,is the number of upstream time slots (ATM cells), Bpd
downstream symbol rate after Viterbi decodiigis the number of downstream time slots (ATM cells).

5 the
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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

Chahnel Bit Rate 66.6667 Mbit/s | QPSK Modulation 2

QP$K Modulation 2 bit/symbol Channel Symbol Rate 1.1218 | Mbaud
Chahnel Symbol Rate 33.3333 Mbaud | Excess Bandwidth 0.3000

Excé¢ss Bandwidth 0.2000 Channel Bandwidth 1.4583 MHz
Chahnel Bandwidth 40.0000 MHz | Available Bandwidth 300.0006)»0 MHz
Avallable Bandwidth 850.0000 MHz | Number of Channels 205,71

Nunpber of Channels 21.25

In the case of MPEG-2-TS transport, a downstream time slot consists of one MREG-2-TS packet. The re
bwnstream time slots to upstream time slots must satisfy the following equation:

of d

N,-68-8 N, -204-8

R, 2

whefeR, is the upstream channel symbol rédg,is the number of upstream time slots (ATM cells), Rpds the
downstream symbol rate after Viterbi decodigis the number of downstream time slots (MPEG-2-TS pac

R, -2

Table 7-51 - Example Downstream/UpstreamFrame Relationship (MPEG-2-TS Case)

Downstream Description Units " |Upstream Description Units
Frame Period 5.819 s Frame Period 5.819 ms
Tim¢ Slots per Frame 208.0 Time Slots per Frame 24.00
MPHEG Packet Rate 35743 pack/s | ATM Cell Rate 4124 cells/s
MPHEG Bit Rate 53.7582 Mbit/s | ATM Rate 1.749 Mbit/s
Timé¢ Slot Efficiency 1 Time Slot Efficiency 63/68
Bit Rate 53.7582 Mbit/s | Bit Rate 1.8875 Mbit/s
Reefd Solomon Efficiency 188/204 Reed Solomon Efficienc] 53/63
Reefd Solomon Bit Rate 58.3333 Mbit/s | Channel Bit Rate 2.2436 Mbit/s
Conpolutional Code Efficiency 718 Rsd Ry 26
Chahnel Bit Rate 66.6667 Mbit/s | QPSK Modulation 2 bit/symbo
QP3$K Modulation 2 bit/symbol] Channel Symbol Rate 1.1218 Mbaud
Chahnel Symbol Rate 33.3333 Mbaud | Excess Bandwidth 0.3000
Excgss Bandwidth 0.2000 Channel Bandwidth 1.4583 MHz
Chahnel Bandwidth 40.0000 MHz | Available Bandwidth 300.000 MHz
Avallable 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- Receve
ATMcels| | Remove | | Derandom- | | ol o 10 1 Veiched € DQPSK « R
- sync ization (byte) Modula_tor <« Fiter g Burst Physical
Preamble Decode Decoding 0 Q Demod. Interface
AK
AAAA
LMDS ACCESS NODE ‘
RECEIVER Clock&Sync q - - - - - - - -
Recovery
Oiver
Subsgribers
(TovA)
Upstream RF
| Append 4 Reed-
byte Solomon
Upstream | |
ATMcells |_| preamble Random- (63,53) IQ [ Baseband [P Buist Transmit
™ ization [P Code [ Modulator L LPuse | DOPSK > RFphys.
Preamble (byte) ‘ (bye) Encoding 9 Shaping o MadUlator Interface

Ad44 LMDS NIU TRANSMITTER

- P Clock & Sync
Generation

Figure 7.11-13 -“Upstream Data Flow

7.11.2.2.1 Randomization for spectrum_shaping

For the upstream packet, only the ATM:cell of the packet shall be randomized. The randomizer sha
feedback shift register (LFSR) with'generating polynonfiat x°+1. The initial contents of the register s
all ones, and the LFSR shall be reset to initial condition at the beginning of each ATM cell. At the ug
receiver, the complementary Self-synchronizing feed-forward linear shift register derandomizer shal

7.11.2.2.2 Reed-Solomon coding

Reed Solomon coding-shall be applied to each randomized ATM cell. The code shall be the shorter
Reed-Solomon cede’RS(63,53,t=5). The specified code generator polynomials are given by

Code GeneratorPolynomial:  g(x) = (X0 (x+pu)(x+u?) ... (x+u9), whereu= 02hex

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

The spegeified code has a block length of 255 bytes, and shall be configured as a RS(255,245, t=5)
information bits preceded by 192 zero symbols. The resultant code will correct t=5 byte errors in ea

7:11.2.2.3 Modulation

| be the linear
hall be
stream

be used.

ed systematic

code with
th code word.

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

Q 1 +00 dngrnne

1 1 180 degrees

1 0 -90 degrees

Preamble

The Preamble is four bytes: 00 FC FC F3 hex, transmitted in thisjorden.

Sigrjal Constellation

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, which is
not differentially encoded.

Trarjsmission Rates

Integer divisors of the downstream symbol rate after Viterbi decgding

Tranjsmit Filtering

Root raised cosine filtering, roll-off facter= 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

|
ﬁg E+Q
Serial Ouput

A complementary non self-synchronizing derandomizer is used in fhe
receiver to recover the data. The derandorizer shall be enabled gfter
detection of the Preamble.
Derandomizer:

1 Iput
Serial Ouput
Frequency Range Region Dependent (above 10 GHz)
Frequency Resolution < 500/Hz
Transmitter Power Spectral The Fransmitter Power Spectral Mask shall comply to the values djven
Mask in-Table 7-53.

The transmit filter when convolved with itself shall have a carrier tdg
intersymbol interference ratio of greater than 30 dB.

Carrier Suppression > 30 dB

1/Q Amplitude 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
al 1 -9 * 0.0
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

PhageNorse Fhephase norseshatt ot exceed the maxmum tevets stowrm i abt
7-55.

Frequency 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: 4p m

provided over the A0 interface. | of RG6 cable with copper plated steel core - leaving 18W-to be
dissipated in the RFU), or emphasis on transmit power.(example, ht
24V: 25W for RFU dissipation - restricting the cable Jength to 15 nj of
RG6 with copper plated steel core).

Return Loss > 13 dB (in-band)

Impgdance 750

Physical Connector Type F-type female

Table 7-55 - Maximum Phase Noise 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 MAC Protocols and-Scenarios

7.11.3.1 Introduction

Thig section describesthe messages for establishing, maintaining, and managing the physical wireless media for
communication between an AlU (Air Interface Unit) at the head-end access node and an NIU (Network Interface
Unit) at the subscriber premises. Examples of scenarios such as an NIU entering the network or requesting more
resgqurces are.given. The messages can be combined in a sequence that would create another scenario jand, thus,
the $cenarios given are not to be interpreted as the only possible scenarios. However, the scenarios givgn show the
seglyience of messages that shall occur for the given scenanos The messages glven are the exact specification of
] , v v. Higher
layer flows are not addressed here OnIy the messages for set up of the connect|ons for carrylng those hlgher 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 MIIX Ir\:ar‘l(r:-f 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 twopacketsguence

. CTRLO | Frame StartCell 1 | ATM cell 2 ATM cell 3 ATM cell 4 (part)
Packet n 1 byte 53 bytes 53 bytes 53 bytes 27 bytes
A\
K CTRLL1 | cell 4 (cont) ATM cell 5 A%/I cell 6 ATM cell 7 CTRL2
Packet n+1 1 byte 26 bytes 53 bytes \\\53 bytes 53 bytes 1 byte

Figure 7.11-14 - Downstream MAC Cantrol Message structure (ATM structure)

The protocol stack for ATM transport based systems is shown in Figure 7.11-15 and Figure 7.11-16. Downstream
MAC messages are reassembled out of MPEG-2-TS packets and processed in the
NIU/STB. The MAC layer communicatesthrough a Layer Management function to the Transmissior
Convergence layer to configure such items as the upstream reserved time slot allocation, etc. The MAC layer also
communicates to the Physical Medium Dependent Layer to configure the upstream and downstrearn modulation
and FEC parameters and to apply-timing, frequency, and power corrections for upstream transmissjons.

MAC Higher Layers MPEG-TS
o i r o]
2 |
[}
£
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

[.3.3 MAC Control Message Structure when Transmitting MPEG-2-TS Packets
e case of an MPEG-2-TS based system, the MAC messages are carried in'\asMAC PID. MAC mess3

spa

firstMAC MPEG packet shall be used to synchronize the upstream frame. Because MAC messages will
insefted into the MPEG-2-TS by the final MPEG multiplexer stage, it cannot be guaranteed that the intera
time] between the first MAC packets of each frame will be constant. As a result, each MAC packet shall in
time] stamp that will be inserted at the MAC Layer between the MBREG multiplexer and the modulator (se¢
7.11.3.4.4 for the time stamp syntax definition).

The|MAC Control Message structure that is utilized when the.downstream QAM channel is carrying MPE
packets is shown in Figure 7.11-17. The MPEG Heisd#e 4-hyte MPEG-2 Transport Stream Header as

defi

The
MA(
NIU
Con
com
and

more than one MPEG packet in which case the NIU/STB processor must-perform reassembly. Rec

ed 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)

protocol stack for MPEG-2-TS based*systems is shown in Figure 7.11-18 and Figure 7.11-19. Down
L messages are reassembled qut of MPEG-2-TS packets and processed in the

STB. The MAC layer communicates through a Layer Management function to the Transmission
vergence layer to configure\such items as the upstream reserved time slot allocation, etc. The MAC
municates to the PhysicalMedium Dependent Layer to configure the upstream and downstream mo
FEC parameters and.to_apply timing, frequency, and power corrections for upstream transmissions.

MAC Higher Layers

1 f

ges may
Pipt of the
be

rrival
clude a

b Section

G-2-TS

Stream

ayer also
julation

192

g |
£
g MPEG-TS MPEG-TS
o]
e
(4]
= \82,83,84 SlJ
-
- TC Layer
PMD Layer

Figure 7.11-18 - Downstream MAC Protocol Reference Model, MPEG-2-TS Transport
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MAC DSM-CC
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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

7.11.3.4 Time Slot Types

7.11.3.4.1 ATM Transport

The downstream scheme is time division multiplex and the timé)slot types are divided into frame st3
random access slots. The upstream scheme is Time Division Multiple Access and the time slot type
into polling response slots, contention slots, and reserved:time slots. All MAC messages shall be er
within ATM cells that shall use the UNI cell header format. The AlIU shall not send more than 7 perc
frame, which is about 50 cells per 6msec frame for.adownstream bit rate of 51 Mbit/s, encapsulatin
to any one NIU in order to set a limit on the amount-of processing required by the NIU/STB. These

contain MAC PDUs, include those broadcast via‘frame start to 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 sen

rt slots and

s are divided
capsulated
ent of the

0 MAC PDUs
ells, which
fic NIU. The
from the

NIU may carry MAC messages or higher. layer data. Reserved time slots sent from the NIU carry voice/data,

ATM cells and OAM control message-cells. Since the random access time slots downstream and th
slots upstream shall transport higherlayer data over an ATM virtual connection, these time slots arg
[NIU].

7.11.3.4.2 MPEG-2-TS Transport

For an MPEG-2-TS based’system, the random access time slots carry PES information in MPEG-2
The MAC messages 'sent to a specific NIU utilize an niu_id in the header for each 48 byte message
messages are encapsulated within the payload of the MPEG-2-TS MAC packet. The AlU shall not s
7 percent of the.ftame which is about 14 MPEG-2-TS packets at a downstream bit rate of 51 Mbit/s

7.11.3.4.3Acronyms

e reserved time
referenced as

TS packets.
The 48 byte
end more than

FS: Frame Start Time Slot or Frame Start MAC message
FS«P7~ Polling Request Type with Non-zero Poll_slot_id

(6 Contention Time Slot

P Pel-RespenseFime-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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