
RF/QAM
Assumed Downstream RF Channel Characteristics
DOCSIS Radio Frequency Interface Specifications

Parameter Value
Carrier-to-noise ration in a 6 MHz band Not less than 35 dB
Carrier-to-composite triple beat distortion ratio Not less than 41 dB
Carrier-to-composite second order distortion ratio Not less than 41 dB
Carrier-to-any other discrete interference Not less than 41 dB
Amplitude ripple 3 dB within the design bandwidth
Group delay ripple in the spectrum occupied
Micro-reflections bound for dominant echo

75 ns within the design bandwidth
-10 dBc @ ≤ 0.5 µs
-15 dBc @ ≤ 1.0 µs
-20 dBc @ ≤ 1.5 µs
-30 dBc @ > 1.5 µs

Carrier hum modulation Not greater than -26 dB (5%)

Assumed Upstream RF Channel Characteristics
DOCSIS Radio Frequency Interface Specifications

Parameter Value
Carrier-to-interference plus ingress ratio Not less than 25 dB
Amplitude ripple 0.5 dB/MHz
Group delay ripple 200 ns/MHz

-10 dBc @ ≤ 0.5 µs
-20 dBc @ ≤ 1.0 µs
-30 dBc @ > 1.5 µs

Data Rates vs. QAM

Annex Modulation 
type

Std. Symbol 
Rate (MHz)

Max. data rate

Annex A 
(8MHz)

QAM64 6.952 41.4

Annex A
(8MHz)

QAM256 6.952 55.2
(480 max 8 channel bonding)

Annex B
(6MHz)

QAM64 5.057 38

Annex B
(6MHz)

QAM256 5.361 43
(320 max 8 channel bonding)

C/N Requirement for QAM signals with Different Modulation Levels
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T1/ISDN PRI

ISDN SIP Call Setup

ISDN Device
Setup

INVITE
From: “5551234” <sip:5550123@GWa>;user=phone
Remote-Parity-ID: “pending” <sip:5550123@GWa>;user=phone INVITE

180 Ringing

From: “5551234” <sip:5550123@GWa>;user=phone
Remote-Parity-ID: “pending” <sip:5550123@GWa>;user=phone

INFO
From: “5551234” <sip:5550123@GWa>;user=phone
Remote-Party-ID: “Joe Smith” <sip:5550123@GWa>;user=phone

INFO

Accounting Start

Accounting Stop

Calling name=“Joe Smith”

calling_name=“Joe Smith”

ACK

BYE
200 OK

RTP

180 Ringing
200 OK

From: “5551234” <sip:5550123@GWa>;user=phone
Remote-Parity-ID: “Joe Smith” <sip:5550123@GWa>;user=phone

(name to follow)

Facility

Release Complete

Connect

Release Complete

RTP

Alerting

Facility IE: “Joe Smith”

Gateway Radius Server SIP Proxy Server SIP User Agent

bits 1 8 8 16 - 21 DS0s 8

Frame 1 Frame 2 Frame 3

FB DS0 DS1 . . . . . DS23

125 µs 125 µs 125 µs

T1 Frame

Framing bits

Frame 1 Frame 2 Frame 3 Frame 4 . . . . Frame 24

One Extended Superframe = 24 Frames
Framing bits in frames 4, 8, 12, 16, 20, 24 = 001011

ESF Framing for T1

ETHERNET/IP

Type=1 Option Len=2 Option Data=0 Option Data=0

Sequence #=BU Lifetime=0

Checksum Status K Reserved

Payload Proto=59 Header Len=1 MH Type=6 Reserved

Destination IP Address (Home Address of Mobile Node 128 bit)

Source IP Address (Home Agent Address 128 bit)

Payload Length Next Header=135 Hop Limit

Traffic ClassVer=6 Flow Label

32248 bits 16

Data

IP Options Padding

Destination IP Address

Source IP Address 

Time to Live Protocol Header Checksum

Identification Flags Fragment Offset

IHLVersion Type of Service Total Length

32248 bits 16

IPv6 Header

Ethernet Port Negotiation

IPv4 Header

Speed Auto 10 10 100 100 1000 1000

Duplex Half Full Half Full Half Full

Speed Duplex

Auto 1000 
FDX

10
HDX

Duplex
Conflict

100 
HDX

Duplex
Conflict

1000 
HDX

Duplex
Conflict

10 Half 10
HDX

10
HDX

10 Full Duplex
Conflict

10
FDX

100 Half 100 
HDX

100 
HDX

100 Full Duplex
Conflict

100X 
FDX

1000 Half 1000 
HDX

1000 
HDX

1000 Full Duplex
Conflict 

1000 
FDX

10/100/1000 BaseT Switch Configuration

VoIP/MOS

User Opinion R Factor MOS Score (LQ/CQ)
100 – 90 5.0 – 4.3

90 – 80 4.3 – 4.0

80 – 70 4.0 – 3.6

70 – 60 3.6 – 3.1

60 – 50 3.1 – 2.6

Not Recommended

Very Satisfied

Satisfied

Some Users Satisfied

Many Users Dissatisfied

Nearly All Users Dissatisfied

50 – 0 2.6 – 1.0x

–

–

–

User Perception vs. Metrics Score

MPEG
PCR Clock Distribution

Video In

Transport Stream Packets

27 MHz

System Clock Frequency

System Time Clock

PCR

Load

PCR = i PCR = i + time of n bits

Video Encoder

Subtractor

Counter VCO

Transport Stream
Decoder

Low Pass
Filter/Gain

Transport Stream
Encoder

27 MHz Clock

Elementary Stream

n bits

Program Tables (Detail)

Program Map Table

Private Section

Program Association Table

Conditional Access Section

bits 8 1 1 2 12 16 2 5 1 8 8 32

Section
Syntax

Indicator

Section
Length

Transport
Stream ID

Version
Number

Section
Number

Last
Section
Number

Current
Next

Indicator
0 CRC

32N Loop

bits 16 3 13 16 3 13

Program
Number 0

Network
PID

Program
Number i

Program
Map PID_i . . . . . . 

bits 8 1 1 2 12 18 5 1 8 8 32

Section
Syntax

Indicator

Section
Length

Version
Number

Section
Number

Last
Section
Number

Current
Next

Indicator
0 CRC

32N LoopReserved

bits 12 32

Program
Info Length

N Loop
Descriptors

CRC
32N Loop

bits 8 3 13 4 12

Elementary
PID

ES Info
Length

N-Loop
Descriptors

bits 8 1 1 2 12 16 2 5 1 8 8 3 13 4

Section
Syntax

Indicator

Section
Length

Program
Number

Version
Number

Section
Number

Last Section
Number

Current
Next

Indicator
0 PCR

PID
Table

ID

Table
ID

Table
ID

bits N*8

N Private Data Bytes

bits 8 1 1 2 12

Section
Syntax

Indicator

Private
Indicator

Private
Section
Length

bits 16 2 5 1 8 8 32

Table
ID

Extension

Version
Number

Section
Number

Last
Section
Number

Current
Next

Indicator

CRC
32

N 
Private

Data

N*8

Transport Stream Description Section

bits 8 1 1 2 12 18 5 1 8 8 32

Table
ID

Section
Syntax

Indicator

Section
Length

Version
Number

Section
Number

Last Section
Number

CRC
32

Current
Text

Indicator
0 N-Loop

DescriptorsReserved

Program 0
Program 1
Program 4
     . . . 
Program x

16
20
40
. . . 
90

Stream 1
Stream 2
Stream 3
    . . . 
Stream n

Video
Audio
Audio
  . . . 
Data

21
25
26
. . . 
39

Stream 1
Stream 2
Stream 3
    . . . 
Stream n

Video
Audio
Audio
  . . . 
Data

49
51
52
. . . 
99

Private Network Data

Conditional Access Data

PAT EMM
Prog 1
PMT

Prog 4
PMT

Prog 1
Audio 1

Prog 1
Video 1

Prog 4
Video 1

Prog 4
Video 1

Prog 1
Video 1

Prog 1
Audio 2

Prog 4
Audio 1

PID 0 20 40 1 25 21 49 49 21 26 51

P
ro

gr
am

 1

P
ro

gr
am

 4

Transport Stream

Program Tables (Overview)

P
ro

gr
am

 M
ap

Ta
bl

es

Program Association PID=0

Conditional Access PID=1

Network Information

Table
ID

Transport Stream Packet Header

8bits

bits

bits

bits

1 1 1 13 2 2 4

Sync Byte
01000111

Transport
Error

Indicator

Transport
Scrambling

Control

Adaptation
Field

Control

Payload
Unit Start
Indicator

Transport
Priority

Continuity
Counter

8 1 1 1 5

Adaptation
Field

Length

Discontinuity
Indicator

Random
Access

Indicator

Elementary
Stream Priority

Indicator

Stuffing
Bytes5 Flags

48 48 8 8 8 3 5

PCR OPCR
Adaptation

Field Extension
Length

3 FlagsSplice
Countdown

Transport
Private Data

Length

Transport
Private

Data

1 15 2 22 4 36

ltw_valid
Flag

ltw
Offset

Piecewise
Rate

Splice
Type

DTS_next_au +
Marker Bits

Adaptation
FieldPID

Optional
Fields

Assignments

Program Stream Map

Private Stream 1

Padding Stream 1

Private Stream 2

ISO/IEC: 13818-3, 11172-3,
13818-7 or 14496-3 Audio
Stream Number x xxxx

ITU-T Rec.H.262 I ISO/IEC:
13818-2 or 11172-2 or 14496-2
Video Stream Number xxxx

ECM_stream

EMM_stream

ITU-T Rec.H.222.01 ISO/IEC:
13818-1 Annex A or 13818-6_
DSMCC_Stream

0xBC

0xBD

0xBE

0xBF

110x xxxx

0xExxxx

0xF0

0xF1

0xF2

ISO/IEC_13522_stream

ITU-T Rec. H.222.1 Type A

ITU-T Rec. H.222.1 Type B

ITU-T Rec. H.222.1 Type C

ITU-T Rec. H.222.1 Type D

ITU-T Rec. H.222.1 Type E

Ancillary_stream

ISO/IEC14496-1_SL-
packetized_stream

ISO/IEC14496-1_FlexMux_stream

Reserved Data Stream

Program_stream_directory

0xF3

0xF4

0xF5

0xF6

0xF7

0xF8

0xF9

0xFA

0xFB

0xFC-
0xFE

0xFF

Stream ID

Program Association Section

Conditional Access Section

TS Program Map Section

TS Description Section

ISO/IEC 14496 Scene
Description Section

0x00

0x01

0x02

0x03

0x04

ISO/IEC 14496 Object Desc. Section

ITU-T Rec. H.222.01
ISO/IEC 13818-1 Reserved

Defined in ISO/IEC 13818-6

User Private

Forbidden

0x05

0x06-0x37

0x38-0x3F

0x40-0xFE

0xFF

Table ID

Program Association Table

Conditional Access Table

Transport Stream Desc. Table

Reserved

0x0000*

0x0001*

0x0002

0x0003-
0x000F

Network_PID, Program_Map_PID,
Elementary PID or other purposes

Null Packet

0x0010-
0x1FFE*

0x1FFF

* Allowed to carry PCR

PID

ITU-T I ISO/IEC Reserved

ISO/IEC 11172 Video

ITU-T Rec. H.262 I ISO/IEC:
13818-2 Video or 11172-2
Constrained Parameter Video

ISO/IEC 11172-2 Audio

ISO/IEC 13818-3 Audio

ITU-T Rec. H.222.01 ISO/IEC
13818-1 private_sections

ITU-T Rec. H.222.01 ISO/IEC
13818-1 PES Packets Containing
Private Data

ISO/IEC 13522 MHEG

ITU-T Rec. H.222.01 ISO/IEC
13818-1 Annex A DSM-CC

ITU-T Rec. H.222.1

ISO/IEC 13818-6 Type A

ISO/IEC 13818-6 Type B

ISO/IEC 13818-6 Type C

0x00

0x01

0x02

0x03

0x04

0x05

0x06

0x07

0x08

0x09

0x0A

0x0B

0x0C

ISO/IEC 13818-6 Type D

ITU-T Rec. H.222.01 ISO/IEC
13818-1 Auxiliary

ISO/IEC 13818-7 Audio with
ADTS Transport Syntax

ISO/IEC 14496-2 Visual

ISO/IEC 14496-3 Audio with LATM
Transport Syntax as defined in ISO/
IEC 14496-3/AMD 1

ISO/IEC 14496-1 SL-packetized
Stream or FlexMux Stream carried
in PES Packets

ISO/IEC 14496-1 SL-packetized
Stream or FlexMux Stream carried
in ISO/IEC 14496_sections

ISO/IEC 13818-6 Synchronized
Download Protocol

ITU-T Rec. H.222.01 ISO/IEC 13818-1
Reserved

User Private

0x0D

0x0E

0x0F

0x10

0x11

0x12

0x13

0x14

0x15-0x7F

0x80-0xFF

Stream Type

Stream
Type

PES Packet

bits 128 8 16 16 8

PES
Private Data

Pack Header
Field Length

Program Packet
Seq Cntr

P-STD
Buffer

PES Extension
Field Length

PES Extension
Field Data

bits 2 2 1 1 1 1 8 8 m*8

10
PES

Scrambling
Control

Original
or Copy 7 FlagsPES

Priority

Data
Alignment
Indicator

PES Header
Data Length

Stuffing Bytes
0xFFCopyright Optional

Fields

24bits 8 16

Packet
Start Code

Prefix

PES Packet
Data Bytes

PES
Packet
Length

Optional
PES

Header

bits 40 40 48 24 8 8 16

PTS DTS Additional
Copy Info

Previous
PES CRCESCR ES Rate DSM Trick

Mode
PES

Extension

bits 4 3 1

4 Flags 1 Flag Optional
Fields

Stream
ID

DOCSIS 3.0

Sync Broadcast
(minimum 1 per 200 msec)

Ranging Response
(RNG-RSP)

Ranging Request (RNG-REQ)
Start at last ranging value or 8 dBmV if initial turn up

Lock on QAM

DHCP Offer

TOD Response

TFTP Boot File Transfer
(Config file, QoS, BPI)

DHCP Ack
IP Address, Gateway,

ToD Server, TFTP Server
and Boot File Name

Registration Response

Sync on Secondary Downstream Channels

Uprange on Secondary Upstream Channels

DHCP Discover

DHCP Request

Accept Parameters

ToD Request

TFTP Boot Request

Validate MD5
Checksum

Registration Request

Registration
Acknowledgement

Wait for Sync

Next FrequencyWait for Sync

Wait for MDD

Wait for RNG-RSP USG TX +3 dB

Go to DOCSIS 3.0 mode

Adjust timing Offset and TX Power
Ranging Completed?

Go to DOCSIS 2.0 mode

MDD Broadcast

CMTS CABLE MODEM CMTS/SERVERS CABLE MODEM

DOCSIS 3.0

Tune or
Scan

Initial
Sync

Ranging

IP

Bonding

YES

YES

NO

NO

NO

YES

YESSCAN

TUNE

NO

NOYES

Modem is
Online

DOCSIS 3.0

Micro-reflections bound for dominant echo

Optional
Fields

Client Configuration

Cable Basics
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