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Intellectual Property Rights
IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential [PRs, if any, is publicly available for ETSI members and non-members, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS! in
respect ofETSI standards", whichis available from the ETSI Secretariat. Latest updates are available on the ETSI Web
server (http://www.etsi.org/legal/home.htm).

Pursuant to the ETSI IPR Policy, no investigation, including IPR searches, has been carried out by ETSI. No guarantee
can be givenas to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

 

Foreword

This ETSI Standard (ES) has been produced by Joint Technical Committee (JTC) of the European Broadcasting Union
(EBU), Comité Européen de Normalisation Electrotechnique (CENELEC) and the European Telecommunications
Standards Institute (ETSD.

NOTE: The EBU/ETSI JTC Broadcast was established in 1990 to co-ordinate the drafting of standardsin the
specific field of broadcasting and related fields. Since 1995 the JTC Broadcast becamea tripartite body
by including in the Memorandum of Understanding also CENELEC, whichis responsible for the
standardization of radio andtelevision receivers. The EBUis a professional!association of broadcasting
organizations whose workincludes the co-ordination of its members' activities in the technical, legal,
programme-making and programme-exchange domains. The EBU has active members in about 60
countries in the European broadcasting area; its headquarters is in Geneva.

European Broadcasting Union
CH-1278 GRAND SACONNEX(Geneva)
Switzerland
Tel: +41 22 717 21 11
Fax: +41 22717 24 81

Founded in September 1993, the DVB Project is a market-led consortiumofpublic and private sector organizationsin
the television industry. Its aimis to establish the frameworkfor the introduction of MPEG-2 baseddigital television
services. Now comprising over 200 organizations from more than 25 countries around the world, DVB fosters
market-led systems, which meet the real needs, and economic circumstances, of the consumerelectronics and the
broadcast industry.
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1 Scope
The present documentis the baseline specification for the provision of the interaction channel for CATV networks.

It is not intended to specify a return channel solution associated to each broadcast system becausethe inter-operability
of different delivery media to transport the return channelis desirable.

The solutions provided in the present document for interaction channel for CATV networksare a part of a widerset of
alternatives to implementinteractive services for Digital Video Broadcasting (DVB) systems.

 

2 References

The following documents contain provisions which, through reference inthis text, constitute provisions of the present
document.

e References are either specific (identified by date of publication and/oredition number or version number) or
non-specific.

« Fora specific reference, subsequent revisions do not apply.

e For anon-specific reference, the latest version applies.

[1] ITU-T Recommendation 1.361 (1999): "B-ISDN ATM layer specification".

[2] ITU-T Recommendation 1.363: "B-ISDN ATM Adaptation Layer (AAL) specification".

[3] Void.

[4] Void.

[5] JETF RFC 2104: "HMAC: Keyed-Hashing for Message Authentication”.

[6] ETSI EN 301 192: "Digital Video Broadcasting (DVB); DVBspecification for data broadcasting".

[7] ETSI EN 300 429: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for cable systems".

[8] TETF RFC 1483: "Multiprotocol Encapsulation over ATM Adaptation Layer 5".

[9] TETF RFC 2131: "Dynamic Host Configuration Protocol".

[10] TETF RFC 951: "Bootstrap Protocol (BOOTP)".

[11] IETF RFC 791: "Internet Protocol".

[12] Void.

[13] IETF RFC 2236: "Internet Group ManagementProtocol, Version 2",

[14] ETSI TR 100 815: "Digital Video Broadcasting (DVB); Guidelinesfor the handling of
Asynchronous Transfer Mode (ATM)signals in DVB systems".

[15] ISO/IEC 8802-3: "Information technology - Telecommunications and information exchange
between systems - Local and metropolitan area networks - Specific requirements -
Part 3: Carrier sense multiple access with collision detection (CSMA/CD)access method and
physical layer specifications".

[16] ITU-T Recommendation 1.432: "B-ISDN User-NetworkInterface - Physical layer specification".

[17] ETSI TR 101 196: "Digital Video Broadcasting (DVB); Interaction channel for Cable TV
distribution systems (CATV); Guidelines for the use of ETS 300 800”.
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[18] ETSI EN 301 199: "Digital Video Broadcasting (DVB); Interaction channel for Local Multi-point
Distribution Systems (LMDS)".

[19] EN 50083-2: "Cable networks for television signals, sound signals and interactive services -
Part 2: Electromagnetic compatibility for equipment".

[20] ISO/IEC 13818-1: "Information technology - Generic coding of moving pictures and associated
audio information: Systems".

(21) ETSI EN 300 468: "Digital Video Broadcasting (DVB); Specification for Service Information (SD
in DVB systems".

[22] IETF RFC 2364: "PPP Over AALS".

[23] IETF RFC 1332: "The PPP Internet Protocol Control Protocol (IPCP)".

[24] ETSI ETS 300 800: "Digital Video Broadcasting (DVB); Interaction channel for Cable TV
distribution systems (CATV)".

[25] ETSI ES 200 800 (V1.2.1): "Digital Video Broadcasting (DVB); DVB interaction channel for
Cable TV distribution systems (CATV)".

3 Abbreviations

For the purposesof the present document, the following abbreviations apply:

AT™ Asynchronous Transfer Mode
BC Broadcast Channel
BIM Broadcast Interface Module
BRA Basic Rate Access

CATV Community Antenna TeleVision (System)
CBC Cipher Block Chaining
CM Cable Modem
ConnectionID Connection Identificator

CRC Cyclic Redundancy Check
DAVIC Digital Audiovisual Council
DCE Data Communication Equipment
DES Data Encryption Standard
D-H Diffie-Hellman
DL Data Link

DTE Data Termination Equipment
DTMF Dual Tone Multifrequency (dialling mode)
DVB Digital Video Broadcasting
EKE Explicit Key Exchange
FAS Frame Alignment Signal
FIFO First In First Out

GSTN General Switched Telephone Network
HEC Header Error Control

HMAC Hash-based Message Authentication Code
IB In-Band
IC Interaction Channel
IIM Interactive Interface Module

INA Interactive Network Adapter
IQ In-phase and Quadrature components
IRD Integrated Receiver Decoder
ISDN Integrated Services Digital Network
IV Initialization Vector

LFSR Linear Feedback Shift Register
LSB Least Significant Bit
MAC Media Access Control

MKE Main Key Exchange
MMDS Multi-channel Multi-point Distribution Systems
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MPEG Moving Pictures Experts Group
MSB Most Significant Bit
MTU MaximumTransmission Unit
NIU NetworkInterface Unit
NSAP Network Service Access Point
OH OverHead
OOB Out of Band

OSI Open Systems Interconnection
PID Packet Identifier, defined by ISO/IEC 13818-1 (MPEG-2)[20]
PM Pulse Modulation
PRNG Pseudo-Random Number Generator

PSTN Public Switched Telephone Network
QAM Quadrature Amplitude Modulation
QKE Quick Key Exchange
QoS Quality of Service
QPSK Quaternary Phase Shift Keying
ReservationID Reservation Identificator

SHA-1 Secure Hash Algorithm 1
SL-ESF Signalling Link Extended SuperFrame
SMATV Satellite Master Antenna Television

STB Set Top Box
STU Set Top Unit
TDMA Time Division Multiplex Access
TS Transport Stream
VCI ATM Virtual Channel Identification, defined by ITU-T Recommendation1.363 [2]
VPI ATM Virtual Path Identification, defined by ITU-T Recommendation1.363 [2]

4 Reference Model for System Architecture of
NarrowbandInteraction Channels in a Broadcasting
Scenario (Asymmetric Interactive Services)

4.1 Protocol Stack Model

For asymmetric interactive services supporting broadcast to the home with narrowband return channel, a simple
communications model consists of the following layers:

- physical layer: whereall the physical (electrical) transmission parameters are defined;

- transport layer: defines all the relevant data structures and communicationprotocols like data containers,etc.;

- application layer: interactive application software and runtime environments (e.g. home shopping application,
script interpreter, etc.).

A simplified model of the OSI layers was adopted to facilitate the production of specifications for these nodes. Figure 1
points out the lower layers of the simplified model and identifies some of the key parameters for the lower twolayers.
Following the user requirements for interactive services, no attempt will be made to consider higher layers in the
present document.
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Layer structure for generic system reference model

Proprietary
layers

Higher medium
layers Network Independent

Protocols

Access
mechanism

Packet structure

(Network Dependent

Modulation Protocols)
Channel coding

Freq. range
Filtering

Equalisation
Power

 
Figure 1: Layer structure for generic system reference model

This specification addresses the CATV networkspecific aspects only.

4.2 system Model

Figure 2 shows the system model which is to be used within DVB forinteractive services.

In the system model, two channels are established between the Service provider and the User:

e Broadcast Channel (BC): a unidirectional broadband Broadcast Channel including video, audio and data. BC is
established from the service providerto the users. It may include the Forward Interactionpath.

e Interaction Channel (IC): a Bi-directional Interaction Channel is established between the service provider and
the user for interaction purposes. It is formed by:

- Return Interaction path (Return Channel): from the Userto the Service Provider. It is used to make
requests to the service provider or to answer questions.It is a narrowband channel. Also commonly knownas
return channel.

- Forward Interaction path: from the service provider to the user. It is used to provide somesort of
information by the service provider to the user and any other required communication for the interactive
service provision. It may be embedded into the broadcast channel. It is possible that this channelis not
required in some simple implementations which make use of the Broadcast Channelfor the carriage of data
to the user.

The user terminal is formed by the Network Interface Unit (NIU) (consisting of the Broadcast Interface Module (BIM)
and the Interactive Interface Module (1IM)) and the Set Top Unit (STU). The user terminal provides interface for both
broadcast and interaction channels. The interface betweenthe user terminal and the interaction networkis via the
Interactive Interface Module.
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5 DVBInteraction Channel Specification for CATV
Networks

The CATVinfrastructures can support the implementation of the Return Channel for interactive services suitable for
DVBbroadcasting systems.

CATYcanbe used to implementinteractive services in the DVB environment, providing a bi-directional
communication path between the user terminal and the service provider.

5.1 System Concept

Theinteractive system is composed of Forward Interaction path (downstream) and ReturnInteraction path (upstream).
The general concept is to use downstreamtransmission from the INA to the NIUs to provide synchronization and
information to all NIUs. This allows the NIUs to adapt to the network and send synchronized information upstream.

Upstream transmission is divided into time slots which can be used by different users, using the technique of Time
Division Multiple Access (TDMA). One downstream channel is used to synchronize up to 8 upstream channels, which
are all divided into time slots. A counter at the INA is sent periodically to the NIUs, so that all NIUs work withthe
same clock. This gives the opportunity to the INA to assigntime slots to different users.

Three major access modes are provided with this system. The first one is based on contention access, whichlets users
send information at any time with therisk to have a collision with otheruser's transmissions. The second andthird
modes are contention-less based, where the INA either providesa finite amountof slots to a specific NIU,or a givenbit
rate requested by a NIU until the INA stops the connection. These access modes are dynamically shared amongtime
slots, which allows NIUs to know whencontention based transmission is or is not allowed. This is to avoid a collision
for the two contention-less based access modes.

Periodically, the INA will indicate to new users that they have the possibility to go through sign-on procedure, in order
to give them the opportunity to synchronize their clock to the network clock, without risking collisions with already
active users. This is done by leaving a larger time interval for newusers to send their information, taking into account
the propagationtime required fromthe INA to the NIUs and back.

5.1.1 Out-Of-Band/In-Band Principle

This interactive system is based either on out of band (OOB)or in-band (IB) downstream signalling. However, Set Top
Boxes/Cable Modems do not need to support both systems.

In the case of OOB signalling, a Forward Interaction path is mandatory. This path is reserved for interactivity data and
control information only. However,it is also possible to send higherbit rate downstream information through a DVB-C
channel whose frequencyis indicated in the forward information path.

In the case of IB signalling, the Forward Information path is embedded into the MPEG-2 TS of a DVB-C channel. Note
thatit is not mandatory to include the Forward Information path in all DVB-C channels.

Both systems can provide the same quality of service. However, the overall system architecture will differ between
networks using [B Set Top Boxes/Cable Modems and OOB Set Top Boxes/Cable Modems. Notealso that both types of
systems may exist on the same networks underthe condition that different frequencies are used for each system.

5.1.2 Spectrum Allocation

Figure 3 indicates a possible spectrumallocation. Although not mandatory, a guideline is providedto use the following
preferred frequency ranges, 70 MHz to 130 MHz and/or 300 MHz to 862 MHzfor the Forward Interaction path
(downstream OOB) and 5 MHz to 65 MHzforthe Return Interaction path (upstream), or parts thereof. To avoid
filtering problems in the bi-directional RF amplifiers and in the Set Top Boxes/Cable Modems, the upper limit 65 MHz
for the upstream flow shall not be used together with the lower limit 70 MHz for the downstream flow in the same
system. Furthermore, to avoid intermediate frequency impairments of Set Top Boxes/Cable Modemsas well as
analogue receivers in the same network, it could be necessary to leave out someparts of the range 5 MHz to 65 MHz
whichincludes the intermediate frequency ranges of these appliances.
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Downstream DVB-C QAM 7/8 MHz hanes 
 

 
 

 
 

 

70-130 MHz | soo.ez {Hz
  

Freq (MHz)  
| 862

 QPSK interactive 1 or 2 MHz downstream OOB
channels

5-65 MHz
Vv

Upstream QPSK interactive 1, 2 or 4 MHz or 200 kHz upstream

Figure 3: DVB preferred frequency ranges for CATV interactive systems

5.1.3. FDM/TDMA Multiple Access

A multiple access schemeis defined in order to have different users share the same transmission media. Downstream
information is sent broadcast to all users of the networks. Thus, an address assignment exists for each user which allows
the INA to send information single cast to one particular user. Two addressesare stored in the Set Top Boxes/Cable
Modemsin order to identify users on the network:

MACaddress: It is a 48-bit value representing the unique MACaddress of the NIU. This MAC address may be
hard coded in the NIU or be provided by external source.

NSAP address: It is a 160-bit value representing a network address. This address is provided by higher layers
during communication.

Upstream information may come from any user in the network and shall therefore also be differentiated at the INA
using the set of addresses defined above.

Upstream and OOB downstream channels are divided into separate channels of 1 or 2 MHz bandwidth for downstream
and 1, 2 or 4 MHzor 200 kHz for upstream. Each downstream channel contains a synchronization frame used by up to
8 different upstream channels, whose frequencies are indicated by the Media Access Control (MAC)protocol.

Within upstream channels, users send upstream packets with TDMA type access. This means that each channel is
shared by many different users, who can either send upstream packets with a possibility of collisions whenthis is
allowed by the INA,or request transmission and use the slots assigned by the INA to each user specifically. Assuming
each channel can therefore accommodate thousands of usersat the same time, the upstream bandwidth caneasily be
used byall users present on the networkat the sametime. '

The TDMAtechniqueutilizes a slotting methodology which allowsthe transmit start times to be synchronized to a
commonclock source. Synchronizing the start times increases message throughputof this signalling channel since the
upstream packets do not overlap during transmission. The period between sequential start times are identified asslots.
Eachslot is a point in time whenan upstream packet can be transmitted over the signalling link.

Thetime reference for slot location is received via the downstream channels generated at the Delivery System and
received simultaneously by all set-top units. Note that this time reference is not sent in the same way for OOB and IB
signalling. Since all NIUs' reference the same timebase, the slot times are aligned for all NIUs'. However, since there is
propagation delay in any transmission network, a time base ranging method accommodates deviation of transmission
due to propagation delay.

Since the TDMAsignalling link is used by NIUsthat are engaged in interactive sessions, the numberof available
message slots on this channel is dependent on the numberof simultaneous users. When messaging slots are notin use,
an NIU may be assigned multiple message slots for increased messaging throughput. Additional slot assignments are
provided to the NIU from the downstream signalling information flow.
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There are different access modesfor the upstreamslots:

- reserved slots with fixed rate reservation (Fixed rate Access: the user has a reservation of one or several
timeslots in each frame enabling, e.g. for voice, audio);

- reserved slots with dynamic reservation (Reservation Access: the user sends control information announcinghis
demandfor transmission capacity. He gets grants for the use of slots);

- contention based slots (these slots are accessible for every user. Collision is possible and solved by a contention
resolution protocol);

- ranging slots (these slots are used upstream to measure and adjust the time delay and the power).

These slots may be mixed on a single carrier to enable different services on one carrier only. If one carrier is assigned to
one specific service, only those slot types will be used which are needed forthis service.

5.1.4 Bit Rates and Framing

For the interactive downstream OOB channel, a transmission bit rate of 1,544 Mbit/s or 3,088 Mbit/s may be used. The
support of 3,088 Mbit/s is mandatory, of 1,544 Mbit/s is optional for both INA and NIU. For downstream IB channels,
no other constraints than those specified in the DVB-C specifications exist, but a guideline is to use rates multiples of
8 kbit/s.

Downstream OOB channels continuously transmit a frame based on T1 type framing, in which some information is
provided for synchronization of upstream slots. Downstream IB channels transmit some MPEG-2 TS packets with a
specific PID for synchronization of upstreamslots (at least one MPEG-2 TS packet containing synchronization
information shall be sent in every period of 3 ms).

For upstream transmission, the INA can indicate 8 typesof transmission channels to the users: 6,176 Mbit/s with QPSK
modulation, 12,352 Mbit/s with 16QAM modulation, 3,088 Mbit/s with QPSK modulation, 6,176 Mbit/s with 16QAM
modulation, 1,544 Mbit/s with QPSK modulation, 3,088 Mbit/s with 16QAM modulation, 256 kbit/s with QPSK
modulation and 512 kbit/s with 16QAM modulation. The support of 3,088 Mbit/s with QPSK modulation is mandatory,
of other combinations of rates and modulationsis optional for both INA and NIU. The INAis responsible of indicating
which rate and modulation may be used by NIUs. All NIUs and INAsshall support QPSK modulation.

There are two options for the upstream framing, depending on the modulation type. QPSK slot framing consists of
upstream packets of 512 bits (256 symbols). 16QAM slot framing consists of upstream packets of 1024 bits (256
symbols). The bits are sent in a bursty mode from the different users present on the network. The upstream slot rates are
12 000 upstreamslots/s when the upstream transmissionbit rate is 6,176 Mbit/s (QPSK)/12,352 Mbit/s (16QAM),
6 000 upstream slots/s when the upstream transmission bit rate is 3,088 Mbit/s (QPSK)/12,176 Mbit/s (16QAM), 3 000
upstream slots/s when the upstreamtransmissionbit rate is 1,544 Mbit/s (QPSK)/3,088 Mbit/s (L6QAM) and 500
upstream slots/s whenthe upstream transmissionbit rate is 256 kbit/s (QPSK)/512 kbit/s (16QAM).

Through the present document, the term upstream packetrefers to the overall data that is transmitted in a single burst.
One upstream packet may contain 1 or 2 ATM cells, depending on the modulationtype.
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Lower Physical Layer Specification
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In this clause, detailed information is given on the lower physical layer specification.

Figures 4 and 5 show the conceptual block diagrams for implementation of the presentspecification.
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Figure 4: Conceptual Block Diagram for the NIU OOB Transceiver

 
 
 

Cable Head-end

 

              
 

    
 

 
  

 

= io =

Baseband interface to: Data BB Reed g g # Bye R € 3 nd 2 To RF
Service provider source ——>) Physical [> Solomon|> 3 4 g [> ai 5 > ES ge >
Multiplexers, etc. ATM Interface Encoder g z & M n : Sa o = Cablein 5 apping me a Channel

“  f * 4
MACProtocol Management

Carrier & Clock & Synchronization Generator

, bovoeoy

data Bit :ATM Reed Fi RF
°° to ; ' Differential QPSK mu<—_ Solomon Derandomizer Burst. Byte Decoder

out Decoder . Demodulator|Cable
Mapping Channel   

  
Figure 5: Conceptual Block Diagram for the OOB Head-End Transceiver
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Figure 7: Conceptual Block Diagram for the IB Head-End Transceiver
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5.2.1 ForwardInteraction Path (Downstream OOB)

5.2.1.1 Frequency Range (Downstream OOB)

Refer to clause 5.1.2.

5.2.1.2 Modulation and Mapping (Downstream OOB)

QPSK modulation is used as a means of encoding digital information over wire line or fiber transmission links. The
method is a subset of Phase Shift Keying (PSK) whichis a subset of Phase Modulation (PM). Specifically QPSKisa
fourlevel 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.

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 differential encoder shall accept bits A, B in sequence, and generate phase changes as shownin Table1.

Table 1: Phase changesassociated with bit A, B

A B Phase Change

 
 

00

Figure 8: Mapping for the QPSK constellation (downstream OOB)

The phase changes can also be expressed by the following formulas (assuming the constellation is mapped from I and Q
as shownabove):

(4 = Lp @ On-1)% (Oxy B Op) + Te B On) * Te @ Ly)By = Le © On) * Tar ® Lg) + Ca© Op) * (Qe ® Qy-1)

where k is the time index.

1/Q amplitude imbalance shall be less than 1,0 dB, and phase imbalanceless than 2,0°.
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5.2.1.3 Shaping Filter (Downstream OOB)

The time-domain response of a square-root raised-cosine pulse with excess bandwidth parameter & is given by:

at 4ot emt
sin[— (1 — a@)]+—— cosf—- (1+. @)]

g)=—+___+—_
iyAmyT L

where T is the symbolperiod.

The output signal shall be defined as:

S@) -)[InX g(t nT) x cos(2aft)-Oy, X g(t — nT) x sin(27f,2)]
n

 
with I, and Q, equal to +1, independently from each other, and f, the QPSK modulator's carrier frequency.

The QPSK modulator divides the incoming bit stream sothat bits are sent alternately to the in-phase modulator I and
the out-of-phase modulator Q. These same bit streams appearat the outputof the respective phase detectors in the
demodulator where they are interleaved back into a serial bit stream.

The occupied bandwidth of a QPSK signal is given by the equation:

Bandwidth = = (1+ a)
f, = bit rate

Symbol Rate f= £,/2

Nyquist Frequency fy = f,/2

@ = excess bandwidth = 0,30

The PowerSpectrumat the transmitter shall comply with the Power Spectrum Maskgiven in Table 2 and Figure 9. The
Power Spectrum Maskshall be applied symmetrically aroundthe carrier frequency.

Table 2: QPSK Downstream Transmitter Power Spectrum

| (F-f, iy | Power Spectrum

<1l-a 0 = 0,25 dB

at 1 -3 £ 0,25 dB
atl +o <-21 dB

22 < -40 dB
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Figure 9: QPSK Downstream Transmitter Power Spectrum

Systems require the use ofdifferential 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 betweenthe two successive signals. The
modulator processesthe digital binary symbols to achieve differential encoding and then transmits the absolute phases.
The differential encoding is implemented at the digital fevel.

5.2.1.4 Randomizer (Downstream OOB)

After addition of the FEC bytes (see clause 5.3.1), all of the 1,544 Mbit/s (or 3,088 Mbit/s) data is passed througha six
register linear feedback shift register (LF5R) randomizer to ensure a randomdistribution of ones and zeroes. The output
of the randomizer shall be the quotient of the input data multiplied by x® and then divided by the generator polynomial
x® +x> +1, Byte/serial conversion shall be MSB first. A complementary self-synchronizing de-randomizeris used in the
receiver to recover the data,

Serial Input

Serial Output

Figure 10: Example randomizer

Serial Input

Serial Output

Figure 11: Example de-randomizer
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5.2.1.5 Bit Rate (Downstream OOB)

The bit rate (BR) shall be 1,544 Mbit/s or 3,088 Mbit/s. The support of 3,088 Mbit/s is mandatory, of 1,544 Mbit/s is
optional for both INA and NIU. Symbolrate accuracy should be within +50 ppm.

5.2.1.6 Receiver power level (Downstream OOB)

The receiver power level shall be in the range 42 dB pV- 75 dB uV (RMS) (75 Q)atits input.

5.2.1.7 Summary (Downstream OOB)

1,544 Mbit/s for Grade A (optional for INA and NIU)
3,088 Mbit/s for Grade B (mandatory for INA and NIU

Channel Spacing 1 MHz for Grade A
2 MHz for Grade B

Randomization After addition of the FEC bytes, all of the 1,544 Mbit/s (or 3,088 Mbit/s) data is
passed througha six register linear feedback shift register (LFSR) randomizer
to ensure a random distribution of ones and zeroes. The generating

polynomial is: xo tx 41.
Byte/serial conversion shall be MSB first.
A complementary self-synchronizing de-randomizeris used in the receiver to
recoverthe data.

Differential Encoding The differential encoder shall accept bits A, B in sequence, and generate
phase changesasfollows:

Phase Change
none

+90°
180°
-90°

In serial mode,A arrivesfirst.

Signal Constellation The outputs1, Q from the differential encoder mapto the phase states asin
Figure 12.

Figure 12: QPSK Constellation

Frequency Range recommended but not mandatory 70 MHz to 130 MHz and/or 300 MHz to
862 MHz

FrequencyStability__[450 ppm measuredatthe upperlimit of the frequency range
[SymbolRateAccuracy{+50 ppm
CarrierSuppression __—[> 30 dB
/QAmplitude Imbalance_|< 1,0 dB

/Q Phase Imbalance < 2,0°
Receive Power Level at [42 - 75 dBuV (RMS) (75 Q)
the NIU input

Transmit Spectral Mask |A common maskfor both bit rates: 1,544 Mbit/s (Grade A) and 3,088 Mbit/s
) is given in Table 2 and Figure 9. :
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5.2.1.8 Bit Error Rate Downstream OOB(Informative)

Bit error rate at the NIU should be less than 10-!9 (after errorcorrection,i.e. 1 error in 2 hours at 1,5 Mbit/s) at
C/N > 20 dB for downstream transmission. C/N is the carrier-to-noise ratio relevant for the demodulation process
(Nyquist bandwidth for white noise).

5.2.2 Forward Interaction Path (Downstream IB)

The IB Forward Interaction Path shall use a MPEG-2 TS stream with a modulated QAM channelas defined by
EN 300 429 [7]. Frequency range, channel spacing, and other lower physical layer parameters should follow that
specification. The accuracy of the downstream frequency shall be +50 ppm.

5.2.3 Return Interaction Path (Upstream)

The upstream path allows two types of modulation - QPSK and 16QAM.Every upstream channel will use a single
modulation type - QPSK or 16QAM.

5.2.3.1 Frequency Range (Upstream)

The frequency range is not specified as mandatory although a guideline is provided to use the 5 MHz to 65 MHz.
Frequencystability shall be in the range +50 ppm measured at the upperlimit of the frequency range.

5.2.3.2 Modulation and Mapping (Upstream)

The input bits will be mapped into I/Q constellations according to the following:

QPSK symbols - I, Q,
16QAM symbols - 1, Qy Ip Qo

Where I, is the MSB for QPSK/16QAM
Q, is the LSB for QPSK
Q, is the LSB for 16QAM.

The MSB mustbethefirst bit of the serial data into the modulator.

The unique word (CC CC CC 0D for QPSK and F3 F3 F3 F3 F3 F3 33 F7 for 16QAM,see clause 5.3.3 for upstream
framing)is not differentially encoded. For the remainder ofthe slot, the coding will be differential. The QPSK symbal
map and 16QAM symbol map for the unique wordare described in Figure 13 and Figure 14.

 
Figure 13: Mapping for the QPSK constellation (upstream)
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Figure 14: Mapping for the 16QAM constellation (upstream)

The differential encoding shall be done according to Table 3. The currenttransmitted quadrantis derived from the
previous transmitted quadrant and the current input bits.

 

Current input bits
14 Q%

 
  

Quadrant phase
change

Table 3: Differential Encoding 

MSBsofthe previous
transmitted symbol  

 
  0° il 11

MSBsof the currently
transmitted symbol
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il 180° 10 01

10 270° 11 10

10 270° 01 li

10 270° 00 01

10 270° 10 00

 
1/Q amplitude imbalance shall be less than 1,0 dB, and phase imbalanceless than 2,0°.
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5.2.3.3 Shaping Filter (Upstream)

The time-domain response of a square-rootraised-cosine pulse with excess bandwidth parametero is given by:

sinay] +cos.14-.2)]
_ TT

gt) = at Act
=-(=TT 7]

whereT is the symbolperiod.

The output signal shall be defined as:

S(t) -)[nx g(t—nT)x cos(27fot)-Oy X g(t— nT) X sin(2ayfct)]
n

with I, and Q, equal to +1 (QPSK)/+3 (16QAM), independently from eachother, and f, the QPSK/16QAM modulator's
carrier frequency.

The QPSK /16QAM modulator divides the incoming bit stream so that bits are sent alternately to the in-phase
modulatorI and the out-of-phase modulator Q. These samebit streams appear at the output of the respective phase
detectors in the demodulator where they are interleaved backinto a serial bit stream.

The QPSK /16QAMsignal parametersare:

tb
RF bandwidth = 3G +a)

Occupied RF Spectrum [f, - £,/2, f£,+ &/2]

Symbol Rate f, = 6/2

Nyquist Frequency fy = £/2

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

Forali 8 channeltypes: 256 kbit/s QPSK (Grade A), 512 kbit/s 16QAM (Grade AQ), 1,544 Mbit/s QPSK. (Grade B),
3,088 Mbit/s 16QAM (Grade BQ), 3,088 Mbit/s QPSK (Grade C), 6,176 Mbit/s 16QAM (Grade CQ), 6,176 Mbit/s
QPSK (Grade D) and 12,352 Mbit/s 16QAM (Grade DQ), the Power Spectrum at the transmitter shall complyto the
Power Spectrum Mask given in Table 4 and Figure 15. The Power Spectrum Maskshall be applied symmetrically
around the carrier frequency.

Table 4: Upstream Transmitter Power Spectrum

[CF fei
< 1-01
at 1

at 1+0.
22
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nn in-band ripplin-band ripple r, < 0,5 dB
soto [(f-f, )/fyl

Tm Nyquist ripple nN * 0,5 dB
0 dB ; . a
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Figure 15: Upstream Transmitter Power Spectrum

The specifications which shall apply to modulationfor the upstream channel are given in Table 4.

5.2.3.4 Randomizer (Upstream)

The unique wordshall be sentin clear (see clause 5.3.3). After addition of the FEC bytes, randomization shall apply
only to the payload area and FEC bytes, with the randomizer performing modulo-2 addition of the data with a

pseudo-random sequence. The generating polynomialis x° +x° +1 with seed all ones. We assumethefirst value
coming out of the pseudo-random generatortaken into account is 0. Byte/serial conversion shall be MSBfirst. The
binary sequence generated by the shift register starts with 00000100... The first "0" is to be added in thefirst bit after
the unique word.

A complementary nonself-synchronizing de-randomizeris used in the receiver to recover the data. The de-randomizer
shall be enabled after detection of the unique word.

a_ ‘a

      
    —f > —» — } > |}

Serial Input35> Serial Output
Figure 16: Randomizer

     

5.2.3.5 Pre Equalizer

In the case of 16QAM modulation, the NIU is responsible for configuring a transmit pre equalizer according to
messagesreceived from the INA. The pre equalizer will be a T-spaced equalizer with 8 taps. The taps coefficient real
and imaginary parts will consist of 16 bit, coded in fractional two's complementnotation: $1.14 (signed bit, integerbit,
binary point, 14 fractionalbits).

EXAMPLE: +1,875 = 30 720/214 =0 x 7 800

-1,875 = -30 720/214 = 0 x 8 800
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The pre equalizer will be configured during the ranging and powercalibration phase. In the caseofthefirst sign on the
service channel, the calculation will be based on the QPSK symbols that are sent (by the NIU) in the <MAC> sign on
response message (see clause 5.5.4.2). To ensure proper calculation, the NIU should ensure thatthe slot containing the
<MAC> sign on response message would be sent withat least 200 different QPSK symbols (regardless of the message
length in bytes). In the case of reprovision to a 16QAM channel,the coefficients will be calculated according to
16QAM symbols.

Before initial ranging and calibration(at first sign onor in the case of a new upstream channel), the NIU MUSTinitiate
the coefficients to 1 (center tap) and 0.

5.2.3.6 Bit Rate (Upstream)

Eight grades of modulation and transmission rate are specified:

Table 5: Upstream bit-rates and modulations for modulation grades A, AQ, B, BQ, C, CQ, D and DQ

256 kbit/s QPSK (optional for INA and NIU)
1,544 Mbit/s QPSK (optional for INA and NIU)
3,088 Mbit/s QPSK (mandatory for INA and NIU)
6,176 Mbit/s QPSK(optional for INA and NIU)
512 kbit/s 16QAM(optional for INA and NIU)
3,088 Mbit/s 16QAM (optional for INA and NIU)
6,176 Mbit/s 16QAM(optional for INA and NIU)
12,352 Mbit/s iGQAM (optional for INA and NIU

 
The support of 3,088 Mbit/s QPSK is mandatory, of other combinations of modulation andrate is optional for both INA
and NIU.

Symbolrate accuracy should be within +50 ppm.

For grades A and AQ,the rate is 500 slots/s. For grades B and BQ,therate is 3 000 slots/s. For grades C and CQ,the
rate is 6 000 slots/s. For grades D and DQ,the rate is 12 000 slots/s.

5.2.3.7 Transmit Power Level (Upstream)

At the output, the transmit power level shall be in the range 85 - 113 dBuV (RMS)(75 Q). In some geographicareas,it
may be necessary to cover the range 85-122 dBuV (RMS) (75 Q). However, note that high power maylead to
electromagnetic compatibility problems. This power shall be adjustable by steps of 0,5 dB (nominally) by MAC
messages coming from the INA.

Measured at the INA, the US power accuracy shall be better or equal to +1,5 dB.

5.2.3.8 Upstream Burst Power and Timing Profiles

Because of the symbol shaping filter that spreads the symbol duration over Ts = 1/symbol_rate, a burst has a ramp up
(before the first symbol) and a ramp down(after the last symbol) as shownin Figure 17.

first last
symbol symbol 
 
 

 

 
ramp up ramp down
 

start of burst
time reference

Figure 17: Burst ramp up and down

The ramps up and downofconsecutive bursts can overlap.
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The ramps shali be minimum 3 symbols long.

Whenthe transmitter is idle the upstream power level attenuation shall be more than 60 dB (relative to the nominal
burst power output level), over the entire power output range (The absolute maximum output powerlevel should not
exceed that specified in Table 7). A terminal is considered to be idle if it is 3 slots before an imminenttransmissionor
3 slots after its most recent transmission.

4 symbols before the first symbol of a burst and 4 symbols after the last symbol, the upstream powerlevel attenuation
shall be more than 30 dB(relative to the nominal burst power output level), over the entire power outputrange.

After ranging and propagation delay compensation, the NIU/STB UStiming accuracyshall be better than or equalto
+5/8"of a symbol (Upstreamrate).

The time ranging accuracy provided by the MAC messages coming fromthe INA shall be better than or equal to £1/gih
of a symbol (upstream rate) or £50 ns, whateveris the maximum(because the ranging unit is 100 ns).

The NIU messages shall thenarrive at the INA in a window of0,75 symbols (upstream transmissionbit rate) forbit
rates of 256 kbit/s, 1,544 Mbit/s and 3,088 Mbit/s and in a window of +0,78 symbols (upstream transmission bit rate)
for the 6,176 Mbit/s case.

5.2.3.9 Interference (Spurious) Suppression

The noise and the spurious powerat the output of the transmitting (upstream) device may not exceed thelevels as
shownin Table 6. The measurement bandwidth is equal to the symbolrate (e.g. 1,544 kHz for 1,544 kSymbols/s) below
fd1 and equal to 7 MHz abovefdl.

Table 6: Interference Spurious Suppression

transmitting between bursts
burst

NOTE 1: dBc is based on the carrier level during the burst.
NOTE 2: The additional suppression of 30 dB for inter burst is based on the

connection max. 1000 NIUs’ per INA.
fd1 = minimum downstream frequency in the network.
fd2 = minimum downstream frequency occupied by TV programs =

 
 
 

  
 

  
  
  

  
 

 min.
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§.2.3.10 Summary (Upstream)

Table 7: Summary (Upstream)

  
 

Upstream Transmission |Eight grades of modulation and transmissionbit rate are specified:
Bit Rate

 
 

Grade_Rate

A 256 kbit/s QPSK (optional for INA and NIU)
B 1,544 Mbit/s QPSK (optional for INA and NIU)
Cc 3,088 Mbit/s QPSK (mandatory for INA and NIU)
D 6,176 Mbit/s QPSK (optional for INA and NIU)
AQ 512 kbit/s 16QAM (optional for INA and NIU)
BQ=3,088 Mbit/s 16QAM(optional for INA and NIU)
CQ 6,176 Mbit/s 16QAM (optional for INA and NIU)
DQ 12,352 Mbit/s 16QAM(optional for INA and NIU)

 
   
  
  
  
  
 

 
 The support of 3,088 Mbit/s QPSK is mandatory, of other combinations of

modulation and rate is optional for both INA and NIU.

Modulation Differentially encoded QPSK/differentially encoded 16QAM
Transmit Filtering alpha = 0,30 square root raised cosine

200 kHz for Grades A, AQ
1 MHz for Grades B, BQ
2 MHz for Grades C, CQ
4 MHz for Grades D, DQ

 

  
   
  
  
  
  

 
 

 
 

Frequency Step Size
Randomization   The unique word shall be sentin the clear. After addition of the FEC bytes,

randomization shall apply only to the payload area and FEC bytes, with the
randomizer performing modulo-2 addition of the data with a pseudo-random

6

 

  

  
 sequence. The generating polynomial is x? + x> +1 with seedall ones.

Byte/serial conversion shall be MSB first.
A complementary non self-synchronizing de-randomizeris used in the receiverto
recoverthe data. The de-randomizershall be enabled after detection of the unique
word.

Differential Encoding The differential encoder shall acceptbits 11 Qy Ip Qp in sequence, and generate
phase changesasfollows. In serial mode, |; arrivesfirst. See Table 3 for details.

Signal Constellation The outputs |, Q from the differential encoder mapto the phasestatesas in
QPSK Figure 18.

 
  
 

 
 

 
  

 
  
 

 
 

   
 

NOTE1:

The unique word (CC CC
CC OD hex) does not go
through differential
encoding.

 
 

  
    Signal Constellation

16QAM  
0111 0110

   

 
  

0101 0100 
 
 
 
 

 
 

NOTE 2:

The unique word (F3 F3
F3 F3 F3 F3 33 F7) does
not go through
differential encoding.

 

 
 
  
 

0010 0000

 
 

 
 

0011 0001

 
 
 

  Figure 19: Burst 16QAM Constellation

5 MHz to 65 MHz recommendedbut not mandatory.
+50 ppm measured at the upperlimit of the frequency range

 

 
 Frequency Stability

ETS! EXHIBIT 2005



EXHIBIT 2005

29 ETS! ES 200 800 V1.3.1 (2001-10)

 

 
 

  
  
  
   
   
 

 
  

 
  

when Transmitter Active

Burst PowerProfile Upstream powerlevel attenuation shall be more than 60 dB relative to the nominal
burst poweroutput level over the entire power output range and 30 dB right after
or before transmission.
Idle Transmitter Definition: A terminal is considered to be idleif it is 3 slots before
an imminent transmission or 3 slots after its most recent transmission.

Guard Band

  
   
 

 
Burst Packet   

 

 
 

Transmit Power Level at 85-113 dBuV (RMS) (75 Q). In some geographic areas,it may be necessary to
the modulator output cover the range 85-122 dBuV (RMS)(75 Q). In any case, cable networks shall
(upstream) comply with the EMC requirements of CENELEC EN 50083-2 [19] concerning

radiateddisturbance powerby feedin of the transmit power.

 
 

 
 

5.2.3.11 Packet loss Upstream (Informative)

Upstream packet loss at the INA shall be less than 10° at C/N > 20 dB (after error correction) for upstream
transmission.

NOTE: An upstream packet loss occurs whenone or more bit per upstream packet (after error correction) are
uncorrectable. The C/N is referred at the demodulator input (Nyquist bandwidth, white noise).

5.2.3.12 Maximum Cable Delay

This specification has been designed to support cable roundtrip delays of up to 800 is, which correspondsto a cable
length of approximately 80 km. Larger delays than this may be accommodated, with judicious use of the specification.

5.3 Framing

5.3.1 Forward Interaction Path (Downstream OOB)

5.3.1.1 Signalling Link Extended Superframe Framing Format

The Signalling Link Extended Superframe (SL-ESF) framestructure is shown in Figure 20. The bitstream is partitioned
into 4 632-bit Extended Superframes. Each Extended Superframeconsists of 24 x 193-bit frames. Each frame consists
of 1 overhead (OH)bit and 24 bytes (192 bits) of payload.
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TR
<<24Frames

24 Frames x 193 bits =4 632
bits

      

 
‘ot Payload
| 1 —__—_——— 192bits

Figure 20: SL-ESF Frame Structure

 
 

5.3.1.2 Frame overhead

There are 24 frame overheadbits in the Extended Superframe which are divided into Extended Superframe Frame
Alignment Signal (F1-F6), Cyclic Redundancy Check (C1-C6), and M-bit Data Link (M1-M12) as showninTable8.
Bit number 0 is received first.

Table 8: Frame overhead

Frame Alignment Signal (F1 - F6).
Mbit Data Link (M1 - M12).
Cyclic Redundancy Check (C1 - C6).
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ESF Frame AlignmentSignal

The ESF Frame Alignment Signal (FAS)is used to locateall 24 frames and overhead bit positions. The bit values of the
FASare defined as follows:
  

Fl =0, F2=0, F3=1, F4=0, F5=1, Fo=1.

ESF Cyclic Redundancy Check

The Cyclic Redundancy Checkfield contains the CRC-6 checkbits calculated over the previous Extended Superframe
(CRC Messageblock [CMB]size = 4 632 bits). Before calculation, all 24 frame overhead bits are equal to "1". All
informationin the other bit positions is unchanged. The check bit sequence C1-C6 is the remainder after multiplication

by x° andthendivision by the generator polynomial x© 4x41 of the CMB. C1 is the most significant bit of the
remainder. The initial remainder valueis presetto all zeros.

ESF Mbit Data Link

The M-bits in the SL-ESF serve forslot timing assignment(see clause 5.4).

5.3.1.3 Payload Structure

The SL-ESFframe payload structure provides a knowncontainerfor defining the location of the ATM cells and the
corresponding Reed Solomonparity values. The SL-ESF payload structure is shownin Table 9. When the INA has no
data or MAC messages to send on the downstream OOB channel,it will send Idle ATM Cells as specified in [16],
where the content of the Idle ATM Cell has been specified as:

0x00, 0x00, 0x00, 0x01, 0x52 (Idle ATM Cell header)

Ox6A, Ox6A,..., Ox6A (48 data bytes payload)

Table 9: ESF Payload structure

  
 

The SL-ESF payload structure consists of 5 rows of 57 bytes each, 4 rows of 58 bytes each which includes 1 byte
trailer, and 1 row of 59 bytes, which includes a 2 byte trailer. The relative ordering of data between Table 9 and Table 8,
is such that reading Table 9 from left to right, and then top to bottom, corresponds to reading Table 8 from top to
bottom, The most significant bit of byte Rla in Table 9, corresponds to Bit Number | in Table 8. The various SL-ESF
payload fields are described below.
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Define the downstream time-ticks Ty, and the upstream time-ticks T,,, as follows.

The downstream channel is divided into 3 ms periods separated by downstream time-ticks T,, and the upstream channel
is divided into 3 msperiods separated by upstream timeticks T_,, in case ofupstream transmission bit rates of 1,544
Mbit/s, 3,088 Mbit/s and 6,176 Mbit/s... In case of an upstream transmissionbit rate of 256 kbit/s both downstreamand
upstream periods are 6 ms.

Then the time difference, T,,,-T,,, is called the Absolute_Time_Offset, and is defined:

AbsoluteTimeOffset = TunTan

And:

New Absolute_Time_Offset = current Absolute_TimeOffset - TimeOffsetValue

(Time_Offset_Value is a field contained in the <MAC> Ranging And Power Calibration Message andis defined in
clause 5.5.4.3).

Before the NIU is going through the sign-on procedurefor the first time, the current Absolute_TimeOffsetis set
according to the value passed in the Default Configuration message (taking into account the timing accuracies),

The NIU shali use the following definitions for using the R-bytes:

- the boundary information contained in the downstream period that starts by downstream time-tick T,, relates to
the slots in the upstream period that starts at upstream time-tick T,,.,,. This upstreamperiod is also called theunt

"next" one;

~ the reception information contained in the downstream period that starts by downstreamtime-tick Ty, relates to
the slots in the upstream period that starts at upstream time-tick T This upstream periodis also called theun-2°

"second previous" one.

ATM Cell Structure

The format for each ATM cell structure is shownin Figure 21. This structure andfield coding shafl be consistent with
the structure and coding given in ITU-T Recommendation 1.361 [1] for ATM UNI.

 384 bits 
 Information Payload 
 53 bytes 

Figure 21: ATM cell format

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

~  single-bit error correction;

- multiple-bit error detection.

Error detection in the ATM header shal! be implemented as defined in [16]. The HEC byte shall be generated as
described in [16], including the recommended modulo-2 addition (COR)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 [16].

Channel coding and interleaving

Reed-Solomon encoding with t = 1 shall be performed on each ATM cell. This meansthat 1 erroneous byte per ATM
cell can be corrected. This process adds 2 parity bytes to the ATM cell to give a codeword of (55,53).
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The Reed-Solomon code shall have the following generator polynomials:

Code Generator Polynomial: g(x) = (x + W(x + p), where p= 02 hex

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

The shortened 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.

Convolutional interleaving shall be applied to the ATM cells contained in the SL-ESF. The Rxa - Rxc bytes and the two
T bytes shall not be included in the interleaving process. Convolutional interleaving is applied by interleaving 5 lines of
55 bytes.

Following the scheme of Figure 22, 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 Ramsey type II
approach, with I = 5, The Interleaved frame shall be composed of overlapping error protected packets and a group of
10 packets shall be delimited by the start of the SL-ESF.

The interleaver is composed of I branches, cyclically connectedto the input byte-stream by the input switch. Each
branchshall be a First In First Out (FIFO) shift register, with depth (M x j) cells (where M = N/I, N = 55 = error
protected frame length, I = interleaving depth, j = branch index). The input and output switches shall be synchronized,
Each cell of the FIFO shall contain one byte.

For synchronization purposes, thefirst byte of each error protected packet shall be always routedinto the branch "0" of
the interleaver (correspondingto a null delay). The 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 de-interleaver is similar, in principle, to the interleaver, but the branch indexes are reversed (i.e. branch 0
correspondsto the largest delay). The de-interleaver synchronization is achieved by routing the third data byte of the
SL-ESFinto the "0"branch.

EF] IF]
(

[o]

[=]FFI [=]I]IEE)[=)EE) =) EF 
Figure 22: Interleaver and de-interleaver structures

Reception indicator fields and slot boundaryfields

A downstream channel can control up to 8 upstream channels and contains control information for each of its associated
upstream channels. This information is contained within structures known as Flags. A set of Flags is represented by
either 24 bits (denoted b0...b23) or by 3 bytes (denoted Rxa, Rxb and Rxc):

Rxa =(b0...b7) = (msb...1sb)

Rxb = (b8...b15) = (msb...1sb)

Rxe = (b16...b23) = (msb...1sb)

One or more consecutive MACflags are associated to one upstream channel. This link is done in the MAC messages
Default Configuration Message, Connect Message, Reprovision Message and Transmission Control Message. Tothe
upstream channel "c" (parameter ServiceChannel or Upstream_Channel_Number or
New_Upstream_Channel_Number of the MAC messages mentioned above) are associated the MAC flags "x" and the
following as described below. "x"correspondsto the parameter MACFlagSet of the previous MAC messages.It is a
5 bit field and can take the values 1... 16. Values 0 and 17...31 are invalid.
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In the OOB downstream case, each frame structure contains cight sets ofFlags represented by Rxa, Rxb and Rxc, where
x is replaced by the numbers1...8. In the case of a 1,544 Mbit/s downstreambit rate, only one frame occurs during a
3 ms interval providing 8 sets of Flags. In the case of a 3,088 Mbit/s downstreambit rate, two frames A and B occur
during a 3 ms interval, providing 16 sets of Flags. The second set of Flags (contained in - B) are denoted by Rxa, Rxb
and Rxc, where x is replaced by the numbers 9 through 16.

In case of a 3,088 Mbit/s upstream channel, two sets of Flags are required. In this case, the MACFlagSet parameter
represents the first of two successively assigned Flag sets (Rxa-~Rxc, Rya-Ryc with y = (x+1) with x belongsto [1, 7]
for 1,544 Mbit/s DS and belongsto [1, 15] for 3,088 Mbit/s DS. In particular, if one downstream OOB 1,544 Mbit/s
channel controls 3,088 Mbit/s upstream channels, at most 4 upstream channels can be controlled, due to the number of
available Flags.

In case of a 6,176 Mbit/s upstream channel, four sets of Flags are required. In this case, the MACFlagSet parameter
representsthe first of four successively assigned Flag sets (Rxa-Rxc, Rua-Ruc, Rva-Rvc, Rwa-Rwe with u= (x+1),
v= (x+2), w= (x+3), with x belongs to [1, 5] for 1,544 Mbit/s DS and belongsto [1, 13] for 3,088 Mbit/s DS. In
particular, if one downstream OOB 3,088 Mbit/s channel controls 6,176 Mbit/s upstream channels, at most 4 upstream
channels can be controlled, due to the numberof available Flags. And if one downstream OOB 1,544 Mbit/s channel
controls 6,176 Mbit/s upstream channels, at most 2 upstream channels can be controlled.

The bits b0 to b23 are defined as follows:

bO = ranging slot indicator for next 3 ms period (msb)
(6 ms for 256 kbit/s)

b1-b6 = slot boundary definition field for next 3 ms period
(6 ms for 256 kbit/s }

b7 = slot 1 reception indicator (as shownin Table 13)

b8 = slot 2 reception indicator (as shownin Table 13)

b9 = slot 3 reception indicator (as shown in Table 13)

b10 = slot 4 reception indicator (as shown in Table 13)

b11 = slot 5 reception indicator (as shown in Table 13)

b12 = slot 6 reception indicator (as shownin Table 13)

b13 = slot 7 reception indicator (as shownin Table 13)

b14 = slot 8 reception indicator (as shown in Table 13)

b15 = slot 9 reception indicator (as shownin Table 13)

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

b18-b23 = CRC 6 parity (sce definition in SL-ESF section)

When the upstream transmission grade is A/AQ,then onlythefirst three slot reception indicators are valid. When the
upstream transmission grade is B/BQ,thenthe 9 slots are valid. When the upstreamtransmission grade is C/CQ, the 9
slots of this field and the 9 slots of the following field are valid: two consecutive Slot Configuration fields are then used.
The detinition of the first Slot Configuration field is unchanged. The definition of the second Slot Configuration field
extends the boundary definition to cover upstream slots 10 through 18, and the reception indicators to cover upstream
slots 10 through 18. When the upstream transmission grade is D/DQ,four consecutive Slot Configurationfields are then
used. The definition ofthe first Slot Configuration field is unchanged. Thedefinition of the second Slot Configuration
field extends the boundary definition to cover upstream slots 10 through 18,and the reception indicators to cover
upstream slots 10 through 18. The definition of the third Slot Configurationfield extends the boundary definition to
cover upstream slots 19 through 27, andthe reception indicators to cover upstream slots 19 through 27. The definition
ofthe fourth Slot Configuration field extends the boundary definition to cover upstream slots 28 through 36, and the
reception indicators to cover upstream slots 28 through 36.

In general, when the upstream rate is lower than the downstream rate, there are several OOB downstream superframes
during groups ofk upstream slots (where k = 3 for grade A/AQ upstream, k = 9 for grade B/BQ upstream).In that case,
slot configuration information remains equal overall superframes corresponding to one group of k upstreamslots.
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Ranging Slot Indicator (b0): Whenthis bit is active (b0 = 1), the first three slots ofupstream channel "x" which
correspond to the occurrence of the next superframe of the related downstream channel are designated as rangingslots.
A ranging message may be transmitted in the second ranging slot according to the algorithm defined for ranging, and
the first and third ranging slots may not be used for transmission (guard band for ranging operations).

Slot Boundary Definition field (b1-b6): Slot types are assigned to upstream slots using bits bO - b6. The slots are
grouped into "spans". In the case of upstream grades A and AQ, a spanis the 3 slots between two 6(ms) time markers.
Otherwise a spanis 9 slots. In the case of upstream grades B and BQ there is | span between two 3(ms) time markers.
In the case ofupstream grades C and CQ there are 2 spans between two 3{ms) time markers.In the case of the upstream
grades D and DQthere are 4 spans between two 3(ms) time markers. Within each span,the bits b0 - b6 define regions,
such thatslots of the same type are contained within the same region. The order ofthe regions is Ranging slots,
Contention based slots, Reserved slots and Fixed rate basedslots. If a ranging slot is available within a "span", it will
consist ofthe first three slot times in the "span", assuming b1-b6 are not in the range 55-63 (see Table 12). A ranging
slot is indicated by bO = 1. The boundaries between the remaining regions of the "spans" are defined by b1-b6. The
boundaries are defined as shownin Table 10.

Table 10: Slot Boundary Definition field (b1-b6)

Pp

Pp

Pp

Pp

p

PE

Pp

Pp

 
The boundary positions are defined by b1-b6 as shownin Table 11.

Table 11: Boundary positions (b1-b6)

NOTE 1: Row = Contention based/Reserved region boundary.
NOTE 2: Column = Reservedslot /Fixed rate based region boundary.
NOTE 3: Whenthe ranging controlslot indicator (b0) is set io "1", the values

in rows 0 - 2 areillegal values, and values in row 3 meansthat
there are no contention slots, because slots 1-3 are defined as
ranging controlslots.

 
EXAMPLE bO = 0, b1-b6 = 22: Contention (1-2), reserved G-5), Fixed rate (6-9)
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The remaining values of the Slot Boundary Definition Field are provided in Table 12.

Table 12: Slot Boundary Definition Field

 
 

NOTE1: For b1-b6 = 55 - 63, b0 shall be set to 1. Note that for b1-b6 between 55 and 62, two rangingslots are
provided (2 and 5). For b1-b6 = 63, three ranging slots are provided (2, 5, and 8).

The values in the above Tables are derived from b1-b6 in the following manner:

bl + (b2 x 2) + (b3 x 4) + (b4 x 8) + (b5 x 16) + (b6 x 32)

Warning:this formula indicates that b6 is considered as msb ofb1-bé word, whereas b0 is msb of the entire word
b0-b23. Although this "looks" inconsistent, it has not been changed for the purpose of compatibility with the DAVIC
standard.

Whenthe upstream data channel is a 256 kbit/s data channel, then only the first four rows and columns of Table 11 are
valid, and Table 12 is not valid.

NOTE2: Ifslot boundary fields change while some NIUshavealready beenallocatedslots in the reservation slots
area, these NIUsare responsible of updating thelist of physical slots. Specifically, slots are assigned by
MACReservation Grant messages, which contain a Reference slot that does not depend onthe slot
boundary fields and a Grant_slot_count which correspondsto the numberofslots assigned within the
reservation slots boundary field. If the field changes,the list of physical slots on which the NIU can
transmit automatically changes accordingly.

Slot Reception Indicators (b7 - b15): Whena slot reception indicator is active ("1"), this indicates that an upstream
packet was received without collision. The relationship between a given USslot andits indicator is shown in Table 13.
Whenthe indicatoris inactive ("0"), this indicates that either a collision was detected or no upstream packet was
received in the corresponding upstreamslot.

Slot reception indicators lead to the retransmission procedure only when contention access is used as described in
clause 5.5.2.4,
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Table 13: Relationship of US slot to DS Reception Indicator 

1,544 Mbit/s Downstream

frame
[JfttTtitir

3,088 Mbit/s Downstream
| Frame

ps LITLEtTtiti

 
 
 

  
  

 
 

 
 

 
 

 

Grade A/AQ

Upstream  DS 

Grade B/BQ

Upstream  
Grade C/CQ

Upstream

18 slots

 
  

 Grade D/DQ

 

 
1 Frame

 
 

Upstream erage
TtyaTt vp CL_[T{[TsT7

US

18 slots 36 slots

NOTE 1: 'I' indicates the downstream frame(s) in which Reception Indicators (contained within the Flag Sets or Rxbits)
are sent. These indicators control the upstream slots in the shaded area.

NOTE 2: In the 3,088 Mbit/s downstream, two successive frames contain Flag Sets 1...16.
NOTE 3: Two successive Flag Sets are used to control the 18 slots of a grade C/CQ upstream channel. In this case

you can control max. 4 upstreams using the 1,544 Mbit/s downstream.
NOTE 4: Four successive Flag Sets are used to control the 36 slots of a grade D/DQ upstream channel. In this case

you can control max. 2 upstreams using the 1,544 Mbit/s downstream and max. 4 upstreams using the 3,088
Mbit/s downstream.

NOTE 5: On this drawing, the DS 3 msperiod #n is aligned with the US 3 ms #n only for ease of understanding.It is not
at all supposedto be a time alignment. Fortiming relationship between US and DSrefer to clause 5.4,Slot
timing assignment.

  
 

Reservation Control (b16-b17): Whenthe reservation control field has the value of0, no reservation attempts are
allowed to be transmitted on the corresponding QPSK upstream channel during the slot positions associated with the
next 3 ms period. Whenthe reservation controlfield has the value of 1, reservation attempts can be made. The values 2
and 3 are reserved. A reservation attempt corresponds to sending a MAC Reservation Request message or a piggyback
request (see MACsection), b16 is msb.

CRC6 Parity (b18-b23): This field contain a CRC6parity value calculated overthe previous 18 bits. The CRC 6
parity value is described in the SL-ESF frame format clause 5.3.1.2, b18 is msb.

In the case where there is more than one OOB DS QPSK channelrelated 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-C6) bits, which are specific to each of those OOB DS channels. Such related DS channelsshail be
synchronized (transmitted synchronously). This scenario applies for example when a lot more bandwidth is needed for
DS information than US information. An NIU is but not required to have more than one QPSKtuner.
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The MAC messagesthat are required to perform the MACfunctions for the upstream channel shall be transmitted on
eachofits related OOB DSchannels.

Trailer bytes

These bytes are not used. They are equal to 0.

5.3.2 Forward Interaction Path (Downstream IB)

5.3.2.1 IB Signalling MPEG2-TS Format (MAC Control Message)

The structure that is utilized when the downstream QAM channel is carrying MPEG2-TSpackets is shown in Figure 23.
MSBs ofeachfield are transmitted first.

4 3 2 3 26 26 40 40 40 4

MPEG Upstream Slot MAC Fig MAC Ext. MAC |MAC msg.| MAC msg.|rsrvc
Header|Marker Number Control Flags Flags msg.

Figure 23: Frame structure (MPEG-2 TS format)

  

where:

MPEGHeaderis the 4 byte MPEG-2 Transport Stream Header as defined in ISO/IEC 13818-1 [20] with a specific
PID designated for MAC messages. This PID is 0x1C. The transport_scramblingcontrolfield of the MPEG header
shall be set to '00'.

NOTE: Thetransport_priority bit is ignored by the NIU. The payload_unit_start_indicatorbit is ignored by the
NIU for MPEGTSpackets containing MAC messages. The adaptation_field_control bits mustbe set to
‘O1' for MPEG TS packets containing MAC messages.

Upstream Markeris a 24-bit field which provides upstream QPSK synchronization information. (As mentioned in
clause 5.1.4, at least one MPEG TSpacket with synchronization information shall be sent in every period of 3 ms). The
definition ofthe field is as follows:

- bit 0: upstream marker enable (msb)

Whenthis field has the value '1', the slot marker pointer is valid. Whenthis field has the value '0'", the slot marker
pointer is not valid.

- bit 1-3: MAC Message Framing

Bit 1 relates to the first MAC message slot within the MPEGframe, bit 2 to the second, andbit 3 to the last slot. The
meaning of eachbit is:

- 0: aMAC messageterminatesin this slot.

- 1: aMAC messagecontinues from this slot into the next, or the slot is unused, in which case the first two
bytes of the slot are 0x0000,

After an unused slot, no more MAC messages can appear in that MPEG TS packet. One MAC message cannot
be split to different MPEG TS packets. So the only valid interpretation of bit 1 — 3 is: 

| Bit1-3
| 000

001

Slot2 | Slot3
M040 M040
M040 Unused

 
 
 
 
 
 
 
 

 

  

 
M080

Unused
M080 M040
M080 Unused

M120
Unused

 
 
 

110     
Unused Unused

Where Mxxx means that a MAC message with not more than xxx bytes length is carried in that slot(s).

- bit4- 7: reserved
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- bit 8-23: upstream slot marker pointer

The slot marker pointer is a 16 bit unsigned integer which indicates the number of downstream "symbol"clocks
between the next Sync byte and the next 3 ms time marker. Bit 23 is to be considered as the mostsignificantbit ofthis
field.

Slot Numberis a 16-bit field whichis defined as follows: (as mentioned in clause 5.1.4, at least one MPEG TS packet
with synchronization information shall be sent in every period of 3 ms).

- bit 0: slot position register enable (msb)

Whenthis field has the value '1'; the slot position register is valid, Whenthis field has the value '0’", the slot position
register is not valid.

- bit 1-3: reserved

- bit 4 is set to the value '1'. This bit is equivalent to M12 in the case of OOB downstream.

- bit 5S: odd parity

This bit provides odd parity for upstream slot position register. This bit is equivalent to M11 in the case of OOB
downstream.

- bits 6-15: upstream slot position register

The upstream slot position register is a 10-bit counter which counts from 0 to n with bit 6 the msb. Thesebits are
equivalent to M10-M1 in the case of OOB downstream.

(See clause 5.4 for more information on the functionality of the upstream slot position register).

MAC Flag Control is a 24-bit field (b0 Gmsb), b1, b2...b23) which provides control information whichis used in
conjunction with the 'MAC Flags' and ‘Extension Flags' fields. The definition of the MAC Flag Control field is as
follows:

- b0-b2 Channel 0 control field

- 63-b5—Channel 1 control field

- b6-b8 Channel 2 control field

- b9-b11 Channel 3 control field

- b12-b14 Channel 4 controlfield

- b15-b17 Channel 5 control field

- b18-b20 Channel 6 control field

- b21-b23 Channel 7 control field

Eachof the above Channels "c" ControlFields is defined as follows:

- Channel "c" control field (a, b, c}) = (bn, bn+1, bnt+2) where n=3 xc

-  bita: 0 - MAC Flag Set of channel "c" disabled.

1 - MAC Flag Set of channel "c" enabled:

‘MAC Flag Set of Channel "c" enabled' means that the Mac Flags assigned to the upstream channel 'c' are valid
in this MPEG TS packet. Therelation between the channel number'c' and the assigned Mac Flag sets is provided
in the 'Default Configuration’, ‘Connect’, 'Reprovision' and "Transmission control' messages.

In case of a 3,088 Mbit/s upstream channel, two sets ofFlags are required. In this case, the MACFlagSet
parameter represents the first of two successively assigned Flag sets. The definition of the second slot
configuration field extends the boundary definition to slots 10 through 18, and the reception indicators cover
slots 10 through 18.
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In case of a 6,176 Mbit/s upstream channel, four sets of Flags are required. In this case, the MACFlagSet
parameter represents the first of four successively assigned Flag sets. The definition of the secondslot
configurationfield extends the boundary definition to slots 10 through 18, and the reception indicators cover
slots 10 through 18. The definitionof the third Slot Configuration field extends the boundary definition to cover
upstream slots 19 through 27, and the reception indicators to cover upstreamslots 19 through 27. The definition
of the fourth Slot Configurationfield extends the boundary definition to cover upstream slots 28 through 36, and
the reception indicators to cover upstream slots 28 through 36.

bit b,c: 00 - all flags valid for second previous 3 ms (6 ms for 256 kbit/s Upstream) period (out-of-bandsignalling
equivalent):

- Ol-flags valid for Ist ms (2 ms for 256 kbit/s Upstream) of previous 3 ms (6 ms for 256 kbit/s Upstream)
period;

- 10- flags valid for 2nd ms (2 ms for 256 kbit/s Upstream) of previous 3 ms (6 ms for 256 kbit/s
Upstream) period;

- 11-flags valid for 3rd ms (2 ms for 256 kbit/s Upstream) of previous 3 ms (6 ms for 256 kbit/s
Upstream) period.

MACFlagsis a 26 byte field containing 8 slot configuration fields (24 bits each) which contain slot configuration
information forthe related upstream channels followed by two reserved bytes (The First 3 bytes correspond to MAC
Flag Set 1, second 3 bytes to MAC Flag Set2, etc). The definition of each slot configuration field is defined as follows:

bd ranging control slot indicator for next 3 ms (6 ms for 256 kbit/s Upstream) period (msb)

b1-b6 slot boundary definition field for next 3 ms (6 ms for 256 kbit/s Upstream) period

b7 slot | reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

b8 slot 2 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

b9 slot 3 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

bl10 slot 4 reception indicatorfor [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

bil slot 5 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

bl2 slot 6 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

b13 slot 7 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

bl4 slot 8 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

b15 slot 9 reception indicator for [second] previous 3 ms (6 ms for 256 kbit/s Upstream) period

b16-17 reservation control for next 3 ms (6 ms for 256 kbit/s Upstream) period

b18-b23. CRC6parity
tr tot

For a detailed description ofthe fields "ranging control slot indicator", "slot boundary definition", "reservation control"
and "CRC6 parity", please refer to clause 5.3.1.3.

The slot configuration fields are used in conjunction with the MAC Flag Controlfield defined above. Note that when
the MAC Flag Control field designates that a 1 ms (2 ms for 256 kbit/s Upstream) flag update is enabled; (1) the
receptionindicatorsrefer to the previous 3 ms (6 ms for 256 kbit/s Upstream) period (the bracketed term [second] is
omitted from the definition), (2) only the reception indicators whichrelate to slots which occur during the designated
1 ms (2 ms for 256 kbit/s Upstream) period are valid, and (3) the ranging control slot indicator, slot boundary definition
field, and reservationcontrol field are valid and consistent during each 3 ms (6 msfor 256 kbit/s Upstream) period.

Extension Flags is a 26 byte field which is used when the MACFlagSet parameter associated to one of the upstream
channels(this link is done in the MAC Default Configuration Message, Connect Message, Reprovision Message and
Transmission Control Message) is greater than 8 for a 256 kbit/s or 1,544 Mbit/s upstream channel, greater than 7 for a
3,088 Mbit/s upstream channel or greater than 5 for a 6,176 Mbit/s upstream channel. The definition of the Extension
Flags field is identical to the definition of the MACFlags field above. The "Extension Flags"field contains the MAC
Flags from 9 to 16.
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The MAC Messagefield contains a 40 byte message, the general formatis defined in clause 5.5.2.7.

reservedfield ¢ is a 4 byte field reserved for future use.

5.3.2.2 Frequency of IB Signalling Information

IB Downstream and Upstream Time-Tick Definition

In the case of IB, downstreamtime-tick Ty, is the 3 ms time marker Downstream (defined in clause 5.4.2) (to derive the
6 ms period in the case of an upstream transmissionbit rate of 256kbit/s, see clause 5.4.4).

IB Upstream Time-Tick, Absolute_Time_Offset and New_Absolut_Time_Offset definitions are the same as for OOB
(see clause 5.3.1.3).

Upstream Markerand Slot Position Register Number

The MAC Control Messagestructures shall be transmitted one time every 3 ms with an enabledslot position register
(slot_position_register_enable = 1) and a valid upstream marker (upstream_Marker_enable = 1) (.e. both are valid in
the same MPEG TS packet).

MACFlag Control, MAC Flags & Extension Flags

The MAC Control Messagestructures containing MAC Flag Control, MAC Flags & Extension Flags shall be
transmitted so as to the NIU hasat least 1 ms to process the MAC Flag Information. This information shall be received
by the NIU between two downstream time-ticks (see clause 5.3.1.3).

MACMessages

Additional MAC Control Messagestructures containing only MAC messages,i.e. with a disabled slot position register
(slot_position_register_enable = 0), a disabled upstream marker (upstream_marker_cnable = 0) may be transmitted at
any time.

5.3.3 Return Interaction Path (Upstream)

5.3.3.1 Slot Format

The format ofthe upstream slot depends on the modulation used.

The format for QPSK modulation is shown in Figure 24. A Unique Word (UW) (4 bytes) provides a burst mode
acquisition method. The payload area (53 bytes) contains a single ATM cell. The RS Parity field (6 bytes) provides t = 3
Reed Solomonprotection RS(59,53) over the payload area. The Guard band (1 byte) provides spacing between adjacent
upstream packets.

 

Payload Area RS Parity‘Guard Band 
Figure 24: Slot format for QPSK
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The format of an upstream packet for 16QAM modulation is shownin Figure 25. A Unique Word (UW) (8bytes)
provides a burst mode acquisition method. The payload area (106 bytes) contains two ATM cells. The RS Parity field
(12 bytes) provides t = 6 Reed Solomonprotection. In case the NIU sends | ATM cell intheslot, the data is sent in the
first ATM cell, and the second ATM cellis sent as null ATM cell.
  

 

   
 

« 128 byte >

uw AIM 1 ATM 2 RSparity GB

<8 byte—>« 53 byte p< 53 byte p< 12 byte mich

Figure 25; Slot format for 1464QAMThestructure and field coding of the ATM cells shall be consistent
with the structure and coding given in ITU-T Recommendation1.361 [1] for ATM UNI

Unique Word

For QPSK modulation, the unique word is four bytes long: CC CC CC OD hex. The unique word for minislots is four
bytes: CC CC CC OE hex,transmitted in this order.

For 16QAM modulation, the unique word is eight bytes long: F3 F3 F3 F3 F3 F3 33 F7 hex. The unique word for
minislots is also 8 bytes long: F3 F3 F3 F3 F3 F3 33 FB.

ATM Cell Structure

The format for each ATM cell structure is illustrated below. This structure and field coding shall be consistent with the
structure and coding given in ITU-T Recommendation 1.361 [1] for ATM UNI.

 
384 bits 40 bits

 
  Header Information Payload

 
 53 bytes 

Figure 26: ATM cell format

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 sequenceshall be capable of:

- single-bit error correction;

- ultiple-bit error detection.

Error detection in the ATM header shall be implemented as defined in [16]. The HEC byte shall be generated as
described in [16], 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[16].

Channel Coding

Reed-Solomon encoding shall be performed onthe data contained in a single upstream packet (1 ATM cell for QPSK.
and the combined 2 ATM cells for 16QAM),

For QPSK T = 3, this means that 3 erroneous byte per ATM cell can be corrected. This process adds 6 parity bytes to
the ATM cell to give a codeword of (59,53). The shortened Reed-Solomon Code shall be implemented by appending
196 bytes, all set to zero, before the information bytes at the input of a (255,249) encoder; after the coding procedure
these bytes are discarded.
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In the case of 16QAM modulation, the RS field should be calculated on the combined data stream of 2 ATM cells with
T =6. This will meansthat 6 erroneous byte for 2 ATM cells can be corrected. 12 parity bytes will be added,to give a
codeword of (118,106).

The Reed-Solomoncode shall have the following generator polynomials:

Code Generator Polynomual:

a(x) = (+ WV + WE) OF)...FLD),

where w = 02 hex

Field Generator Polynomial:

poy =x84+x4493 4+x24+ 1

Guard Band

For QPSKthe guard band is 1 byte long (4 QPSK symbols), It provides some extra protection against synchronization
errors.

For 16QAM the guard bandis 2 byte long (4 16QAM symbols). It provides some extra protection against
synchronizationerrors.

For the minislot format see clause 5.7.2.

5.3.4 Minimum Processing Time

The NIU hasto be able to process the boundary information in the Mac flag sets within 1 ms.
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5.4 Slot Timing Assignment

5.4.1 Downstream Slot Position Reference (Downstream OOB)

Upstream synchronization is derived from the downstream extended superframe (OOB) by noting the slot positions as
shownin Table 14.

Table 14: Downstream slot position reference

Overhead Slot position
Bit reference

¢ Slot Position (see note
Po

¢ Slot Position

¢ Slot Position

Thefirst slot position is also called the 3 ms time markerin the
case of 1,544 Mbit/s rate downstream. For ihe 3,088 Mbit/s rate
downstream, the 3 ms time marker only appears once every two
superframes. The M12 bit (see clause 5.4) is used to differentiate
between the two superframes.

 
5.4.2 Downstream Slot Position Reference (Downstream IB)

Upstream synchronizationis derived from the Transport Stream by noting the 3 ms time marker Downstream as shown
in Figure 27. From the bits of the upstream marker field contained in the MPEG-2 TS packet, the 3 ms time markeris
obtained by counting a number of symbol clocks equal to (b23-b8). This marker is equivalent to the first slot position of
the superframe for the OOBcase.

 

(b23 - b8) |
MPEG2- TS (188 bytes)|16 bytes|Sync,K———__________>    in baud clocks | # 3ms timewhen upstream marker enable b0 = 1 Marker Downstream

Figure 27: Position of the 3 ms time markerfor IB signalling

In order to describe how the USslot position is derived from the location of the DS 3 ms time markerat the NIU,
consider the following system diagram.
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Headend Delays _ DataLink =,—_Settop Box Delays
Delays :

   
Figure 28: System model for timing analysis

The delay betweenthe location of the end of the Upstream Marker and the beginning of the next Sync byte, designated
as Dg, is a constant value for each bit rate equal to the equivalent time of 197 bytes, or

(197 x 8 /x) symbol clocks

where:

x= 4, for 16 QAM

5, for 32-QAM

6, for 64 QAM

7, for 128-QAM

8, for 256 QAM

There will be some processing delay in the Headend hardware between the location where the Upstream Markeris
inserted in the MAC packet and the arrival of the data into the interleaver. This should be a constant delay, D,, 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 Headend is D,, and will be zero for each syncbyte.

There will be some processing delay in the Headend hardware between the output of the interleaver and the output of
the QAM modulator, This should be a constant delay, D,, for every byte in the outgoing stream.

The data link is composed of two delay values, D,, the constant link delay that every STU experiences, and d,, the
variable link delay for each STU whichis dueto the fact that each STU islocated at a different distance from the
Headend. This variable link delay is compensated for by the ranging operation.

There will be some processing delay in the STU hardware between the input of the QAM demodulator andthe input of
the de-interleaver. This delay is design dependent, d,, and may be a constant delay or a variable delay for each byte in
the data stream.

The delay due to the de-interleaving process in the STU is Dyp,and will be equalto the entire interleave delay for each
syne byte.

ETSI EXHIBIT 2005



EXHIBIT 2005

46 ETSI ES 200 800 V1.3.1 (2001-10)

Thetotal interleave delay,

D,=Dy + Dp

will be constant for each byte. The value will be given by

D, = 204 x 8 x (interleave_depth-1)/bit rate

for example, if the modulation is QAM 64 with a baud rate of 5,0 Mbit/s,

D, = 204 x 8 x 11/30M = 598.4 Us or 2,992 symbol clocks

There will be some processing delay in the STU hardware betweenthe output of the de-interleaver and the circuitry that
utilizes the Upstream marker and following sync byte for generating the local 3 ms time marker. This delay, which
includes Reed Solomon FEC,is design dependent, dy, and may be a constant delay ora variable delay for each byte in
the data stream.

The accumulated delay in the data link is composed of a numberof constant terms and three variable terms. The
constant terms will be identical for every STU that is utilizing a particular QAM channel for in-band timing and thus
becomesa fixed offset between when the counter which is loading the Upstream Marker value and the actual location of
the 3 ms time marker at each STU. Each STU is responsible for compensatingfor the design dependentdelays, d, and
d,, before utilizing the Upstream Marker value for generating the 3 ms time marker. The variable link delay,

d,, will be compensatedfor via the ranging algorithm,in the same way as performed whenout-of-bandsignalling is
employed.

5.4.3 Upstream Slot Positions

Transmission on each QPSK/16QAM upstream channel is based on dividing access by multiple NIU units byutilizing a
negotiated bandwidth allocation slot access method. A slotting methodology allows the transmit slot locations to be
synchronized to a commonslotposition reference, which is provided via the related downstream MAC control channel.
Synchronizing the slot locations increases message throughput of the upstream channels since the upstream packets do
not overlap during transmission.

The slot position reference for upstream slot locations is received via the related downstream MACcontrol channel by
each NIU.Since each NIU receives the downstream slot position reference at a slightly different time, due to
propagationdelay in the transmission network, slot position ranging is required to align the actual slot locations for each
related upstream channel. The upstreamslot rates are 12 000 upstreamslots/s when the upstream transmission grade is
D/DQ,6 000 upstream slots/s whenthe upstream transmission grade is C/CQ, 3 000 upstream slots/s when the upstream
transmission grade is B/BQ and 500 upstreamslots/s when the upstream transmission grade is A/AQ.

The numberofslots available in any one secondis given by:

numberof slots/s = (upstream transmission bit rate)/(numberof bits per upstream packet) -
(extra guardband)

where extra guardband may be designated between groupsof slots for alignment purposes. The numberofbits per
upstream packet is 512 for QPSK and 1024 for 16QAM.

The M-bits in the SL-ESF serve two purposes:

- to markthe slot positions for the upstream Contention and Reservation and Fixed Rate based signalling links
(see clause 5.4);

- to provide slot count information for upstream message bandwidthallocation management in the NIU.

M-bits M1, M5, and M9 markthe start of an upstream slot position for upstream message transmission.
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5.4.3.1 Rate 256 kbit/s QPSK, 512 kbit/s 16QAM

In the case where the upstream transmission grade is A/AQ and the downstream OOBrate is 1,544 Mbit/s, the upstream
slots are numbered as follows:

teat 6 ms time period (downstream)—----------------
_ . _ . v .

¢ + ¢ + ¢ > +
---------------_slot position references (downstream)—----------------

where k is a multiple of 3. In the case where the downstream OOBrate is 3,088 Mbit/s, there are 12 slot position
references downstreain during the transmission of 3 upstream packets. In the case of [B downstream, packet «k»is sent
whenthe 3 ms time markeris received.

Therelationship between the received slot position reference and the actual slot transmit position is given by:

slot_transmit_position = slot_position_reference (valid) + slot_position_offset

where only the slot_position_references which cause the upstream_slot_position_counterto be loaded with an integer
value are valid (see clause 5.4.4), and the slot_position_offset is derived from the Time_Offset_Value provided via the
RangeandPowerCalibrationMessage in the MACprotocol.

slot_transmit_positioné

slot (1 | slot )
€ slot_position_offset >

&

slot position reference (downstream)

In the case where the upstream transmission grade is A/AQ,the actual slot transmission locations corresponddirectly to
the slot transmit positions.

5.4.3.2 Rate 1,544 Mbit/s QPSK, 3,088 Mbit/s 16QAM

In the case where the upstream transmission grade is B/BQ and the downstream OOBrate is 1,544 Mbit/s, the upstream
slots are numbered as follows:

vcesareannitricnr 3ms time period©-----------------------------v

+ Sd * ®

woe slot position references (downstream)|--------------------~

   

where k is a multiple of 9. In the case where the downstream OOBrate is 3,088 Mbit/s, there are 6 slot position
references downstream during the transmission of 9 upstreampackets. In the case of IB downstream, packet «k»is sent
whenthe 3 ms time markeris received.

The relationship between the received slot position reference and the actual slot transmit position is given by:

slot_transmitposition = slot_position_reference(valid) + slot_position_offset

where only the slot_position_references which cause the upstream_slotpositioncounter to be loaded are valid (see
clause 5.4.4), and the slot_position_offset is derived from the Time_Offset_Value provided via the
RangeandPower_Calibration_Message in the MACprotocol.
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slot_transmit_position

“

slot G-1) | slot (j)
©—slot_position_offset >

Bd

slot position reference (downstream)

In the case where the upstream transmission grade is B/BQ,the actual slot transmission locations are given by

slot_transmission_location (m) = slot_transmit_position + (m x numberofbits per upstream packet);

where m= 0, |, 2; is the position of the slot with respect to the slot_transmit_position. This leaves a free time interval
(FI = 8bits) before the next slot_transmit_position occurs, during which no NIU transmits anything. The numberofbits
per upstream packet is 512 for QPSK and 1024 for 16QAM.

  

Slot_transmit_position slot_transmit_positionKv

< San> msa4 <€ —.
512 bits 512 bits 512 bits

5.4.3.3 Rate 3,088 Mbit/s QPSK, 6,176 Mbit/s 16QAM

In the case where the upstream transmission grade is C/CQ and the downstream OOBrate is 1,544 Mbit/s, the upstream
slots are numbered as shownbelow, where k is a multiple of 18.

oan 3 mstime period +

s(k+18) 
3 slot position references (downstream) per 3 mstime period

In the case where the downstream OOBrate is 3,088 Mbit/s, there are 6 slot position references downstreamduring the
transmission of 18 upstream packets. In the case of IB downstream, packet «k» is sent when the 3 ms time markeris
received.

Therelationship between the received slot position reference and the actual slot transmit position is given by:

slot_transmit_position = slot_position_reference(valid) + slot_position_offset

where only the slot_position_references which cause the upstream_slot_position_counter to be loadedarevalid (see
clause 5.4.4), and the slot_position_offset is derived from the Time_Offset_Value provided via the
RangeandPowerCalibrationMessage.
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© slot_transmit_position 
 
 

slot G-1) 
  < slot_position_offset

@ slot position reference (downstream)

In the case wherethe upstream transmission grade is C/CQ,the actual slot transmission locations are givenby:

slot_transmission_location (m)= slottransmit_position + (mx numberofbits per upstream packet);

where m= 0, 1, 2, 3, 4, 5; is the position of the slot with respect to the slot_transmit_position. This leaves a free time
interval (FI = 16 bits)) before the next slot_transmit_position occurs, during which no NIU transmits anything. The
numberofbits per upstream packet is 512 for QPSK and 1024 for 16QAM.

<slot_transmit_position <-slot_transmit_position  

 
 
 
previousslot
 

ee
12 bits 

5.4.3.4 Rate 6,176 Mbit/s QPSK, 12,352 Mbit/s 16QAM

In the case wherethe upstream transmission grade is D/DQ and the downstream OOBrate is 1,544 Mbit/s, the upstream
slots are numbered as shown below, where kis a multiple of 36.

oan 3 msec time period >

 
3 slot position references (downstream) per 3 msec time period

In the case where the downstream OOBrate is 3,088 Mbit/s, there arc 6 slot position references downstream during the
transmission of 36 upstream packets. In the case of IB downstream, packet "k" is sent when the 3 ms time markeris
received.

Therelationship betweenthe receivedslot position reference and theactualslot transmit position is given by:

slot_transmit_position = slot_position_reference(valid) + slot_position_offset

where only the slot_positionreferences which cause the upstream_slot_position_counter to be loadedare valid (see
clause 5.4.4), and the slot_position_offset is derived from the Time_Offset_Value providedvia the
Range_and_Power_Calibration_Message.
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< slot_transmit_position

<_slot_position_offset 
@ slot position reference (downstream)

In the case where the upstream transmission grade is D/DQ,the actualslot transmission locations are given by:

slot_transmission_location (m) = slot_transmit_position + (m x numberofbits per upstreampacket);

where m= 0,1,2,3,4,5,6,7,8,9,10,11; is the position of the slot with respectto the slot_transmit_position. This leaves a
free time interval (FI = 32 bits)) before the next slot_transmit_position occurs, during which no NIU transmits anything.
The numberofbits per upstream packet is 512 for QPSK and 1024 for 16QAM.

<~slot_transmit_position <-slot_transmit
position

 
 
 
 
 
 

 
 

© loce € loce € €
0 2 loc 4

loc 1 loc 3 loc 5

 previous [let
slot

 
 

512 512 512 512 512 512
bits bits bits bits bits_bits

5.4.4 Slot Position Counter

The M-bits M10 - M1 are a register, called the upstream slot position register, which counts from 0 to N, incrementing
by one every 3 ms, where N is an unsigned integer which indicates slot position cycle size (the value of N is calculated
from Service_Channel_Last_Slot sent in the Default Configuration Message and the upstream transmission bit rate of
the service channel. For the case of a grade A/AQ service channel, the maximum value of Service_Channel_Last_Slot
is 1535, for the cases of grade B/BQ and grade C/CQ the maximum value is imposed to be 3189, and for the case of
grade D/DQ the maximum valueis imposed to be 8171. The value ofN shall be the samefor all DS carriers, and N is
related to the number of USslots by:

Number_of_US_Slots = 3 x m x (N+1), where m is related to US rate as described below.

The upstream slot position register indicates the upstream slot positions that will correspondto the next SL-ESF frame.

For QPSK modulation, there are 12 upstream slots per ms when the upstream transmission bit rate is 6,176 Mbit/s, 6
upsiream slots per ms when the upstream transmission bit rate is 3,088 Mbit/s, 3 upstream slots per ms when the
upstream transmissionbit rate is 1,544 Mbit/s, andthere is 0,5 upstream slot per ms when the upstream transmission bit
rate is 256 kbit/s. The corresponding upstream slotrates are, therefore, 12 000 upstream slots/s when the upstream
transmission bit rate is 6,176 Mbit/s, 6 000 upstream slots/s when the upstream transmission bit rate is 3,088 Mbit/s,
3 000 upstream slots/s when the upstream transmissionbit rate is 1,544 Mbit/s, and 500 upstream slots/s when the
upstream transmissionbit rate is 256 kbit/s.
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For 16QAM modulation,there are 12 upstream slots per ms whenthe upstream transmission bit rate is 12,352 Mbit/s, 6
upstream slots per ms when the upstream transmission bit rate is 6,176 Mbit/s, 3 upstream slots per ms when the
upstream transmissionbit rate is 3,088 Mbit/s, and there is 0,5 upstream slot per ms when the upstream transmission bit
rate is 512 kbit/s. The corresponding upstream slot rates are, therefore, 12 000 upstream slots/s when the upstream
transmissionbit rate is 12,352 Mbit/s, 6 000 upstream slots/s when the upstream transmissionbit rate is 6,176 Mbit/s,
3 000 upstreamslots/s when the upstream transmissionbit rate is 3,088 Mbit/s, and 500 upstreamslots/s when the
upstream transmission bit rate is 512 kbit/s.

For QPSK modulation, there are 36 upstream minislots per ms whenthe upstreamdata rate is 6,176 Mbit/s, there are 18
upstream minislots per ms whenthe upstreamdata rate is 3,088 Mbit/s, there are 9 upstream minislots per ms when the
upstreamdata rate is 1,544 Mbit/s, and there are 1,5 upstream minislots per ms when the upstreamdata rate is
256 kbit/s. The corresponding upstream minislotrates are, therefore, 36 000 upstream minislots/s when the upstream
data rate is 6,176 Mbit/s, 18 000 upstream minislots/s when the upstream datarate is 3,088 Mbit/s, 9 000 upstream
minislots/s whenthe upstream datarate is 1,544 Mbit/s, and 1 500 upstream minislots/s when the upstream data rate is
256 kbit/s. The algorithm to determine the upstream slot position counter value is given below.

For 16QAM modulation, there are 36 upstream minislots per ms when the upstream data rate is 12,352 Mbit/s, there are
18 upstream minislots per ms when the upstream data rate is 6,176 Mbit/s, there are 9 upstream minislots per ms when
the upstream data rate is 3,088 Mbit/s, and there are 1,5 upstream minislots per ms when the upstream data rate is
512 kbit/s. The corresponding upstream minislotrates are, therefore, 36 000 upstream minislots/s when the upstream
data rate is 12,352 Mbit/s, 18 000 upstream minislots/s whenthe upstream data rate is 6,176 Mbit/s, 9 000 upstream
minislots/s when the upstream data rate is 3,088 Mbit/s, and 1 500 upstream minislots/s whenthe upstream data rate is
512 kbit/s.

In the case of OOB downstream,the algorithm to determine the upstream slot position counter value is given below:

if (downstream_rate == 3,088 Mbit/s) {n = 1;}

else {n= 05}

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 if (upstream_rate == 6,176 Mbit/s) {m = 12;}

else {m= 0,5}

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

{upstream_slot_position_counter = upstream_slot_position_register x 3 x m;}

if (bit_position == M5) |
if ((n == 0) or (1X = 1 and previous M12 == 0) )

{upstream_slot_position_counter = upstream_slot_position_counter + m;}

if (bit_position == M9)

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

{upstream_slot_position_counter = upstrearn_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;}
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where the M-bits will be defined as follows:

M1 -M10= 10 bit ESF counter which counts from 0 to N with M10 the mostsignificant bit (MSB);

Mit= odd parity for the ESF counter, i.e, M11 = 1 if the ESF Counter (M1-M10)has an even
numberofbits set to 1;

M12= 1: ESF counter valid

0; ESF counternot valid

The values assigned to M12 are as follows:

1) When the QPSK downstream channelbit rate is 1,544 Mbit/s, the M12 bit, is always set to the value '1’.

2) When the QPSK downstream channelbit rate is 3,088 Mbit/s, the information is always transmitted in pairs of
superframe, where superframe-Ais the first superframe in the pair, and superframe-B is the second superframe
in the pair. In this case, the M12 bit of superframe-A is sct to the value '0' and the M12 bit of superframe-B is set
to the value '1'.

3) Whenthe downstream channel is IB, M12 = 1.

In the case of IB downstream, the upstream slot timing should mimic that of the OOB downstream.

5.5 MAC Functionality

5.5.1 MAC Reference Model

Thescopeofthis clauseis limited to the definition and specification of the MAC Layerprotocol. The detailed
operations within the MAClayer are hidden from the abovelayers.

This clause focuses on the required message flows between the INA and the NIU for Media Access Control. These
areas are divided into three categories: Initialization, Provisioning and Sign On Management, Connection Management
and Link Management.
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Figure 29: MAC Reference Model
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5.5.2 MAC Concept

5.5.2.1 Relationship Between Higher Layers and MAC Protocol

The goal of the MAC protocolis to provide tools for higher layer protocols in order to transmit and receive data
transparently and independently of the physical layer. Higher layer services are provided by the INA to the STU. The
INAis thus responsible of indicating the transmission mode and rate to the MAClayerfor eachtype of service.

Specifically, for each connection provided by higher layers on the INA side (VPI/VC]), a connection ID is associatedat
the MAC layer. The maximum number ofsimultaneous connections that a NIU should support is defined as follows:

- Level A: Only one connection at a time can be handled by a NIU;

- Level B: As many connections as needed, defined dynamically by the INA, following higherlayers requests.

NOTE1: Notethat in this case all connections should be assignedto the same frequency upstream and
downstream for implementation reasons.

NOTE2: However bandwidth(time slots) does not needto be assigned immediately by the INA for a given
connection. This means that a connection ID may existat the NIU side without associated slot
numbers.

The INAis responsible of providing transmission bandwidth to the NIUs when needed by higher layers. However, since
the NIU shall transmit all data from the STU, the NIU is also responsible for requesting for more bandwidth if not
already provided by the INA.

Aninitial connection is allocated to the STB by the INA,following the successful completion of sign-on at power up.
This connection can be used to send data from higher layers leadingto further interactive connections. Note that this
connection can be associated to a zero transmissionrate (noinitial bandwidth allocation).

5.5.2.2 Relationship Between Physical Layer and MAC Protocol

Up to 8 Upstream channels can berelated to each downstream channel which is designated as a MAC control channel.
These upstream channels can be used in different, physically separated coaxial cells where space division multiplexing
(SDM)is applied or within a single cell where frequency division multiplexing (FDM)is applied. Mixed scenarios
where space and frequencydivision multiplexing is applied in either upstream or downstream direction are also
possible. Network scenarios showing when to apply SDM or FDMcanbe found in [17]. An example of a frequency
allocation for the FDM scenario is shownin Figure 30. This relationship consists of the following items:

1) Eachof these related upstream channels share a commonslotposition. This reference is based on 1 ms time
markers in case of OOB and 3 ms time markers in case of IB that are derived via information transmitted via the
downstream MACcontrol channel.

2) Each ofthese related upstream channels derive slot numbers from information provided in the downstream MAC
control channel.

3) The Messaging needed to perform MAC functions for eachofthese related upstream channels is transmitted via
the downstream MACcontrol channel.

The Media Access Control Protocol supports multiple downstream Channels. In instances where multiple Channels are
used, the INA shall specify a single OOB frequency called the Provisioning Channel, where NIUs' perform
Initialization and Provisioning Functions. If both 1,544 Mbit/s and 3,088 Mbit/s downstream OOB channels co-exist on
the network, there should be one provisioning channel with each rate. Also, in networks where IB NIUsexist,
provisioning should be includedinat least one IB channel. An aperiodic message is sent on each downstream control
channel whichpoints to the downstream Provisioning Channel. In instances where only a single frequencyis in use, the
INA shall utilize that frequency for Initialization and Provisioning functions.

The Media Access Control protocol supports multiple upstream channels.

There are 2 types of upstream channels:

© Upstream channels that support only QPSK modulation.

e Upstream channels that support only 16QAM modulation.
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The INA is responsible for classifying the different channels according to the INA and NIU capabilities.

INAsthat support only QPSK modulation will allocate only QPSK channels. All NIUs regardless of their capabilities
will use the QPSK channels with QPSK modulation.

INAsthat support 16QAM modulation will allocate QPSK channels and 16QAM channels. NIUsthat support 16QAM
modulation should use the 16QAM upstream channels (but the INA is permitted to assign them to QPSK channels).
NIUsthat support only QPSK modulation will use only QPSK. upstream channels.

One of the available upstream channels shall be designated the Service Channel. The service channel (and backup
service channel) will use QPSK modulation. It may be necessary to provide a Backup Service Channel to makethe
system more reliable e.g. in a noisy environment. The Service Channel and the Backup Service Channel, respectively,
shall be used by NIUs' entering the networkvia the Initialization and Provisioning procedure. The remaining upstream
channels shall be used for upstreamdata transmission. In cases where only one upstream channelis utilized, the
functions of the Service Channel shall reside in conjunction with regular upstream data transmission.

The Provisioning channelis the frequency channel on which the Default configuration message is transmitted. There
can be several Provisioning channels in the system.

The Service channel is the frequency channel to which the Default configuration messagefield Service channel
frequency points. The ranging following the Default configuration message is carried out on that Service channel. There
can be several Service channels in the system.

8 channels 8 channels Upstream
upstream upstream 1 Provisioning

" * t Downstream channel| channels a| a

|

1 Service channel Ny \ Downstream
elated to

 

Figure 30: Example of a frequency allocation for the FDM scenario

Upstream frequency change

All connections of a NIU are on the same frequency channel. The upstream frequency can be changed by Reprovision
or Transmission control message (sce clauses 5.5.10.2 and 5.5.10.4). If any of these messages changethe frequency, the
frequency is changed immediately, all connections remain established in any case.

Whenno stop_upstream_transmission command wasgivenbefore or in the Reprovision or Transmission control
message, sign-on is entered immediately after the upstream frequency change, reservation grants are lost and fixedrate
slots are kept. (Ifthe frequency change was made by the <MAC> Transmission Control Message,the fixed rate slot
assignments remain the same.If the frequency change was made by the <MAC> Reprovision Message,thefixed rate
slot assignments remain the same except if new slot assignments are provided in this message.)

Whena stop_upstream_transmission command wasgiven, sign-on is performedafter a start_upstream_transmission
command is received, reservation grants are lost and fixed rate slots are kept.

Ifany of the parameters: Upstream_Channel_Number, Upstream_Rate or MAC_FlagSet has been changed,
reservation grants as well as fixed rate slots are lost, the connectionisstill kept.
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Downstream frequency channel types

Table 15: Possible combinations of downstream content types and physical channels (NIU
Capabilities)

 
There are three types of content in the downstream direction MAC messages and MAC flags, data and video. There can
be two types of physical channels: QSPK and QAM downstream channels. The QAM downstream channel may carry
either MPEG or MAC messages directly on the physical layer frame structure. The possible combinations of the content
and physical channels are shownin Table 15.

Combination establishment

The NIU tunesto either a QPSK or QAM channel on which it locates the provisioning channel. The NIU tunesto it and
gets its MAC information on that channel. If the Connect message gives a new downstream frequency, the MAC
information is found onthat frequency,if it is the same type of frequency channel.

Change of downstream frequency

The downstream frequency can be changed by using either Reprovision or Transmission control message (see
clauses 5,.5.10.2 and 5.5.10.4). All NIUs' connections which use the same physical frequency channel (DS QPSK or DS
QAM)are located on the same frequency. When the downstream frequency changes the connections ontheearlier
downstreamfrequency remain established in any case.

When no stop_upstream_transmission command wasgiven before or in the Reprovision or Transmission control
message, no sign-on is performed, reservation grants are lost and fixed rate slots are kept.

When a stop_upstream_transmission command was given, sign-onis performedafter a start_upstream_transmission
command, reservation grants are lost and fixed rate slots are kept.

Change of combination

The combination can be changed with Connect message only immediately after the sign-on procedure or with
Reprovision message at any time. Thesignalling channel cannot be changed to a different type of downstream channel.

5.6.2.3 Relationship Between Physical Layer Slot Position Counter and MAC Slot
Assignment

M10 - M1 is a 10-bit superframe counter at the INA side, whereas the upstreamslot position counter is an upstream slot
counter at the NIUsside. The NIU slot position counter (M10 - M1 x 3 x m, where m= 0,5 for 256 kbit/s, m=3for
1,544 Mbit/s, m= 6 for 3,088 Mbit/s and m= 12 for 6,176 Mbit/s) may be implemented as a 16-bit counter whichis
compared to the 13-bit slot numbers assigned by the INA in MAC messages(list assignment). Whenthe counter value
equals any assigned value, the NIU is allowed to send a packet upstream.
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5.5.2.4 Access Modes(Contention/Ranging/Fixed rate/Reservation)

Different access modes are provided to the NIUs within access regions specified by information containedinthe slot
boundaryfields of the downstream superframes. The limits between access regions allow users to know whento send
data on contention withoutrisks of collision with data of Reservation or Fixed Rate regions. Also, the separation
between reservation and fixed rate regions provides two ways of assigning slots to NIUs. The following rules define
how to select access modes:

- Data connections:

When the INA assigns a connection ID to the NIU,it either specifies a slotlist to be used (Fixed rate access) or
the NIU shall use contention or reserved access by following this algorithm:

Whenthe NIU shall send more upstream packets for a specific VPI/VCI than what was assigned by the INA,it
can use contention access only if the number of upstream packets to transmit is less than
Maximum_contention_access_message_length (specified in the MAC Connect Message from the INA). The
details of the contention access mechanism is explained below under a). The NIU can send one request for
reservation access if the numberofupstream packetsis less than Maximum_reservation_access_message_length
(specified in the MAC Connect Message from the INA). Ifmore upstream packets shall be transmitted, the NIU
shall send multiple requests for reservation access. If the NIU/STBis forcedto use reservation access, andit has
not yet been assigned a Reservation_ID, thenit shall wait for an assignment before transmitting.

- MAC messages:

MAC messages can be sent on contention access, reservation access, fixed rate access orranging access(ranging
access is only allowedfor calibration purposes).

Note that the VPI/VCl=0x00/0x0021 connection used for MAC messagesis always set up, so the INA does not
assign a particular connection ID whichis normally used for reservation requests. Thus, in order to use
reservation access,slots assigned for other connections may be used for MAC messages.

a) Contention Access

Contention Access indicates that data (MACor bursty datatraffic) is sent in the slots assigned to the contention
access region in the upstream channel. It can be used either to send MAC messagesor data. The VPI, VCI of the ATM
cells are then used to determine the type and direction of the data in higher layers. Contention based access provides
instant channel allocation for the NIU.

The Contention based technique is used for multiple subscribers that will have equal access to the signalling channel.It
is possible that simultaneous transmissions occur in a single slot, whichis called a collision. The INA utilizes the
reception indicators to inform the NIUs' whether successful reception of upstream packets has been obtained.

The NIU executes a separate contention process for each VPI/VCI connection that requires contention access. The
contention processis initiated by transmitting the first upstream packet in a contentionslot. This contention slot is
randomly chosen from the available contentionslots in thefirst frame that contains at least one contention slot. The
contention process has to wait until the reception indicator ofthe slot is received. If the indicator contains a positive
acknowledgement, the upstream packet has been successfully received, and the next upstream packet, if present, can be
transmitted by continuing the contention process. If the indicator contains a negative acknowledgement,a collision has
been detected and the upstream packet can be retransmitted according to the procedure defined below.If the reception
indicator is not received (e.g. due to CRC error), the NIU proceedsasif a positive acknowledgement would have been
received,

Ifa collision has occurred the NIU is not obliged to retransmit the upstream packet that was originally transmitted.
Instead it may choose to update the contents of the upstream packet, transmit another upstream packet belongingto the
same VPI/VCI connection, ornot to retransmit at all. In the latter case, the NIU is not allowed to restart a contention
process for the same VPI/VCI connection at an earlier slot than the latest possible contention slot in which it could have
retransmitted the upstream packet in the first contention process. Note that the allowed choices make it possible for the
NIU to update the queue status when the upstream packet to be retransmitted contains a grant request.
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A counter at the /STB records the number, denoted by backoff_exponent, of collisions encountered by an upstream
packet. The backoff_exponent counterstarts from a value determined by the Min_BackoffExponentvariable. The
backoff_exponent is used to generate a uniform random number between 1 and 2“backoff_exponent. This random
numberis used to schedule retransmission of the collided upstream packet. In particular, the random numberindicates
the number of contentionaccess slots the /STB shall wait beforeit transmits. The first transmission is carried out in a

randomslot within the contention based access region. If the counter reaches the maximum number, determined by the
MaxBackoffExponentvariable, the value of the counterremains at this value regardless of the number of subsequent
collisions. After a successful transmission the backoff_exponent counteris reset to a value determined by the
MinBackoffExponentvariable. Informational Statement: The randomaccessalgorithmis unstable; the INA is
expectedto have intelligence to detect an unstable state of the random access algorithm andto solveit.

For minislot contention resolution referto clause 5.7.3.

b) Ranging Access

Ranging access indicates that the data is sent in a slot preceded and followedby slots not used by other users.
Theseslots allow users to adjust their clock depending ontheir distance to the INA suchthat their slots fall within the
correct allocated time. They are either in the ranging slots region whenthe ranging control slot indicator b0 received
during the previous superframe was 1 (or when b1-b6 = 55 to 63), or reserved if the INA indicates to the NIU that a
specific slot is reserved for ranging(via the Ranging and Power Calibration Message). In the latter case, the NIU is
forbidden fromranging in the ranging slots region before the assigned slot appears.

Simultaneous transmissions in ranging slots are resolved through the procedure defined in clause A.1.

c) Fixed rate Access

NOTE:_Fixed rate is called contentionless in DAVIC.

Fixedrate_Access indicates that data is sent in slots assigned to the fixed rate based access regionin the upstream
channel. These slots are uniquely assigned to a connection by the INA.It is not allowed that the INA changes the
boundary fields such that an assigned fixed rate slot does not fit anymore in the fixed slot region.

d) Reservation Access

Reservation Access implies that data is sent in the slots assignedto the reservation region in the upstream
channel. These slots are uniquely assigned once to a connection by the INA. This assignment is made at the request of
the NIU for a given connection.It is also allowed to use such assignmentinthe fixed rate region. Onereservation grant
only grants consecutive slots in the same type of region. Requests are indicated via a request message in a contention
slot, ina contention minislot, in a reserved slot, in a fixed rate slot or via the Piggybacking mechanism.

5.5.2.5 MACError Handling Procedures

Error handling procedures are under definition (Time out windows, power outage,etc.). An informative note on some
etror handling procedures can be found in annex A.

5.5.2.6 MAC Messagesin the Mini Slots

MACreservation request messages mayalso be transported in the minislot structure. For 16QAM modulation, the
framing of the minislot Reservation Requests is described in clause 5.6.2. For QPSK modulation,it is described in
clause 5.6.2 and in the following.

Error correction and/or detection is performed using a 2 byte Reed Solomoncode. For QPSK modulation,
Reed-Solomon encoding shall be performed on the 14 bytes following the Unique Word with T=1 (see Figure 31). For
16QAM modulation, Reed-Solomon encoding shall be performed onthe 9 bytes following the Unique Word with T=1
(see Figure 32).This process adds 2 parity bytes to the MAC Messagein the Minislot to give a code wordof (16,14) for
QPSK. modulation and (11,9) for 1GQAM modulation. Reed-Solomonencoding is performed on the MAC Message in
the Minislot before upstream data randomization. The shortened Reed-Solomon code shall be implemented by
appending 239 bytes for QPSK modulation (244 for 16QAM modulation),all set to zero, before the information bytes
at the input of a (255,253) encoder; after the coding procedure these bytes are discarded.
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The Reed-Solomon code shall have the following generator polynomials:

Code Generator Polynomial: ex) =(x+ pw(x+p

where Lt = 02hex

Field Generator Polynomial: p(x) =x8+xt+x34+x2+1

For QPSK modulation,the Start Field (SF) for the QPSK minislot MAC messagesis defined in Figure 31. The SF byte,
the 13 payload bytes and the 2 RS bytesof the minislots are randomized anddifferentially encoded as defined for
upstream ATMcells, whereas the unique word is sent in clear and notdifferentially encoded.

4B 1B 13B 2B 1B

Mini slot payload 
/ an MACInforma-

/ | MACaddress tion Elements 
MACindicator / !

/

f i

Reve
6..0Bit 7

Figure 31: MAC messagesin the QPSK minislots

 
Unique Word = 0xCCCCCCOE

SF = Start Field (Bit 7: MAC indicator, always set to 1; Bit 6 ... 0: reserved, shall be set to zero)

RS = Reed Solomon Bytes

GB = Guard Band

For 16QAM modulation, the minislot format is described in Figure 32.
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Figure 32: MAC messagesin the 16QAM minislots

Unique Word = 0xF3F3F3F3F3F333FB

RS = Reed Solomon Bytes

GB = Guard Band

Reservation Request Message

For QPSK modulation, the Reservation Request Message has the same structureas in the caseit is transported in an
upstream ATM cell. The MAC message structure for carrying the Reservation Request Message is shownin Figure 33.

4B 1B 13.B 2B 1B

Unique|8
Mini slot payload

Word F 
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Res_ID|(Res-
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Figure 33: Reservation Request Message in the QPSK minislot MAC messagestructure

For 16QAM,the reservation request format is described in Figure 32.
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The MAC messagetypesare divided into the logical MACstates ofInitialization, Sign On, Connection Management
and Link Management. MAC messagesare sent using Broadcast or Singlecast Addressing. Singlecast addressing shall
utilize the 48-bit MAC address.

Regardless of the INA/NIU support for 16QAM modulation,the initialization, provisioning sign on and calibration
messages(initial calibration) will be sent using QPSK modulation. In case the INA/NIU support 16QAM modulation,
and the NIU uses an upstream channel with 16QAM modulation,all the following messages will be sent using 16QAM

Transmit Addressing
Direction Type

modulation.

Message
Type
Value

0x00
0x01
0x02
0x03
0x04
0x05
0x06
0x07

0x08-0x0B
0x0C
0x0D

Ox0E-0x1E
Ox1F

0x20-0x3F

0x20
0x21
0x22
0x23
0x24
0x25
0x26
0x28
0x29
Ox2A
0x2B
0x2C
0x2D
Ox2E
Ox2F
0x30
0x31
0x32
0x33
0x34
0x35

0x36-0x3F

Tabie 16: MAC messages

MACInitialization, Provisioning and Sign-On Messages

Used for fragmented messages (continued message)
Provisioning Channel Message
Default Configuration Message
Sign-On Request Message
Sign-On Response Message
Ranging and PowerCalibration Message
Ranging and PowerCalibration Response Message
Initialization Complete Message
[Reserved]
Security Sign-on (see note)
Security Sign-on Response (see note)
[Reserved]
Wait (see note)
MAC Connection Establishment and Termination Msgs

Connect Message
Connect Response Message
Reservation Request Message
Unused

Connect Confirm Message
Release Message
Release Response Message
Reservation Grant Message
Reservation ID Assignment
Reservation Status Request
Reservation ID Response Message
Resource Request Message
Resource Request Denied Message
Suppression Data Message
Suppression Acknowledgment Message
Main Key Exchange(see note)
Main Key Exchange Response(see note)
Quick Key Exchange (see note)
Quick Key Exchange Response(see note)
Explicit Key Exchange (see note)
Explicit Key Exchange Response(see note)
[Reserved]
MAC Link Management Messages

Idle Message
Transmission Control Message
Reprovision Message
Link Management Response Message
Status Request Message
Status Response Message

up-/downstr.
downstream
downstream
downstream

upsiream
downstream

upstream
downstream

downstream

upstream

upstream

downstream

upstream
upstream

downstream
downstream

upstream
downstream
downstream

upstream
downstream

upstream
downstream

up-/downstr.
up-/downstr.
downstream

upstream
downstream

upstream
downstream

upstream

upstream
downstream
downstream

upstream
downstream

upstream

 
Scast or Beast

Broadcast
Broadcast
Broadcast

Singlecast
Singlecast
Singlecast
Singlecast

Singlecast
Singlecast

Singlecast

Singlecast
Singlecast
Singlecast
Broadcast

Singlecast
Singlecast
Singlecast
Broadcast

Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecast
Singlecas

Singlecas
Scast or Beast

Singlecas
Singlecast
Singlecast
Singlecast

 
NOTE: Optional MAC messagesfor the security option.
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To support the delivery of MACrelated information to and fromthe NIU, a dedicated Virtual Channel shall be utilized.
The VPI, VCIforthis channel shall be 0x00/0x0021. MAC Messagesshall not be encrypted. Therefore, any ATM cell
carrying a MAC Messageshall have the least significant two bits of its GFC field set to 00. The most significant two
bits of the GFC field are reserved for future use, and shall be set to 00.

The timer accuracy of the MAC messagesshall be +3 ms in the NIU, and the INA shall take this into account.

- Upstream MAC messages:

AALS(as specified in ITU-T Recommendation 1.363 [2]) adaptation shall be used to encapsulate each MAC
PDU in an ATM cell. Upstream MACinformation should be single 40 bytes cell messages.

- Downstream OOB MAC messages:

AALS(as specified in ITU-T Recommendation 1.363 [2]) adaptation shall be used to encapsulate each MAC
PDU in an ATMcell. Downstream OOB MACinformation may be longer than 40 bytes. All Downstream MAC
messages shall be restricted to less than or equal to 120 bytes.

- Downstream IB MAC messages:

Downstream IB MAC messagesare limited to a size of 120 bytes and shall be carried in a single MPEG TS
packet. Longer messagesshall besplit into separate messages. No AALSlayeris defined for MPEG-2 TS
packets. MAC messages shall therefore be sent as explained in clause 5.3.2 using the three MAC Message
Framingbits.

- MAC Fragmentation Protocol(optional):

Larger MAC messages up to 512 bytes may optionally be supported using the MAC fragmentation protocol.
This capability is indicated by the NIU in the MACSignOnResponse.

A multi-fragment MAC message is composed of consecutive individual MAC messages with Syntax_Indicator equal to
Fragment_NoMAC_Address or FragmentMAC_Address_Included.

The FragmentCountfield of each individual MAC message indicates the numberof fragments remaining of the
full message, decreasing by one for each consecutive fragment. Thus the first fragment has Fragment_Count equal
to the total numberof fragments in the message, and the last fragment has FragmentCount ==

Furthermore, the type of MAC messageis indicated by the Message_Typefield of the first fragment, whereas all
subsequent fragments have Message_Type == 0.

The sender of a fragmented MAC messageshall not interleave any other fragmented MAC messages for the same
receiver into the string of fragments. This includes any fragmented broadcast MAC messages, whichshall therefore not
be sent while there are any incomplete fragmented messages outstanding.

MACmessagesofunfragmented syntax type can beinterleaved with fragments destined for the same NIU. They are
deemed to have arrived before the fragmented message, and should be processed immediately.

The receiver of a fragmented MAC messageshall discard any message with missing fragments, as implied by the
uniformly decreasing Fragment_Countfield in consecutive fragments. Likewise,it shall discard any stray fragments
with MessageType == 0, for instance in the case where the first fragment was lost during transport.

The length of each fragmentis impliedby its transport context: ATM/AAL-5 for upstream and OOB downstream,
MPEGencapsulation for IB downstream,etc.

The MACInformationElements fields of each fragment are concatenated to form the MAC_Information_Elements
field of the full MAC message. The message type is conveyedin the first fragment.

In the upstream direction,all fragments shall be of syntax type Fragment_MAC_Address_Included, in order to allow
the INA to use the MAC addressto distinguish inter-mixed MAC messages and fragments coming from separate NIUs.
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For a broadcast in the downstream direction, each fragmentis of syntax type FragmentNoMAC_Address. For a
single-cast downstream message, the first fragment shall be of syntax type. Fragment_MAC_Address_Included, and
include the MAC address of the target NIU. Subsequent fragments can also include the same MACaddressvalue, or
can be Fragment_NoMACAddress, omitting the MAC address, when the INA ensures that the fragmentis associated
with the immediately preceding fragmentin the transport stream, that is, not separated by messagesor fragments for
other NIUs.

Since MACrelated information is terminated at the NIU and INA,a privately defined messagestructure will be
utilized. The format of this message structure is illustrated below.

NOTE 1: All messages are sent most significantbit first.

NOTE2: Forall MAC messages where the parameter length is smaller than the field, the parametershall be right
justified with leading bits set to 0. All reserved fields in the MAC messagesshall besetto 0.

NOTE3: Message 0x23 is not used in the present release of the MAC protocol. It refers to DAVIC 1.0 protocol
whichis not supported by the present document.

NOTE 4: When no MAC_Address is specified in the message, it means that the message is sent broadcast.
(Syntax_indicator = 000).

NOTE 5: Negative integers are sent in 2's complement.

Table 17: MAC messagestructure

MAC_message(){ Bytes Bit Number/
Description

Message_Configuration
Protocol_Version 5
Syntax_Indicator 3

|1Message_Type
if (Syntax_Indicator == 007||
Syntax_Indicator == 0171

if (Syntax_Indicator == 010 || Syntax_indicator ==
011)) f

Fragment_Count

PO
MAC_Information_Elements ()

  
 
 
 

 
 
 

 
 

 

 

—— — = same

a,

earn,|i,cy
  
   

MAC Information Elements

MAC_Information_Elements is a multiple byte field that contains the body of one and only one MAC message.

Protocol Version

ProtocolVersion isa 5-bit field usedto identify the current MAC version. The value for this parameteris given
in Table 18.
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Table 18: Protocol_version coding

P|DAVIC 1.0 Compliant device (not consistent withthe present document

2~~~—_«s|DAVIC 1.2 Compliant device

21-28

29 ES 200 800 (V1.2.1) [25] and DAVIC 1.5
compliant device

ETS 300 800 V1 [24] compliant device

  
  
  

  
  

 

Syntax Indicator

Syntax_Indicator isa 3-bit enumerated type that indicates the addressing type contained in the MAC message.

Enum Syntax_Indicator {No_MAC_Address, MAC_Address_Included, Fragment_No_MAC_Address,
Fragment_MAC_Address, reserved 4...7}; 

MAC Address

MACAddress isa 48-bit value representing the unique MAC address of the NIU. This MAC address may be hard
coded in the NIU or be provided by external source.

Fragment_Count

Identification of fragment in a MAC message transmitted in multiple fragments. A MAC Message divided into N
fragments, will be transmitted with Fragment_Count =N,N-1,... 1.

5.5.3 MACInitialization and Provisioning

This clause defines the procedurefor Initialization and Provisioning that the MAC shail perform during power on or
Reset. AIL INA/NIU will send the messages duringinitialization and provisioning using QPSK modulation

1) Upon a NIU becomingactive (i.e. powered up), it shall first find the current provisioning frequency.
The NIU shall receive the <MAC> Provisioning Channel Message. This message shall be sent
aperiodically (at least one in 900 ms) on all downstream channels carrying MAC information when
there are multiple channels. In the case of only a single channel, the message shall indicate the
current channelis to be utilized for Provisioning. Upon receiving this message, the NIU shall tune to
the Provisioning Channel. In the case of IB downstream, the IB channel to be used during
provisioning can additionally be given by using EN 300 468 [21].

2) After a valid lock indication on a Provisioning Channel, the NIU shall await the <MAC> DEFAULT
CONFIGURATION MESSAGE.Whenreceived, the NIU shall configure its parameters as defined
in the default configuration message. The Default Configuration Parameters shall include default
timer values, default power levels, default retry counts as well as other informationrelated to the
operation of the MAC protocol.

Figure 34 showsthe signalling sequence.
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INA NIU/STB

<MAC> Provisioning—_—_—_—_
Channel Message

<MAC> Default

Configuration Message

Figure 34: Initialization and Provisioning signalling

5.5.3.1 <MAC> Provisioning Channel Message (Broadcast Downstream)

The <MAC> PROVISIONING CHANNEL MESSAGEissent by the INA to direct the NIU to the properfrequency
where provisioning is performed. The formatofthe messageis shown in Table 19.

     

    
ProvisioningChannel_Message(){ Bit Number/Description

Provisioning Frequency Included

DownStream_Type

Table 19: Provisioning Channel Message Structure

Provisioning_Channel_Control_Field
Reserved

if (Provisioning_Frequency_Included oS
ProvisioningFrequency (32)
|(8)
PR
a

 

    

Provisioning Channel Control Field

ProvisioningChannel_Control_Field is used to specify which parameters are included in the message:

ProvisioningFrequency_Included isa boolean whenset, indicates that a downstream frequency is
specified that the NIU should tune to begin the provisioning process. When cleared, indicates that the current
downstream frequencyis the provisioning frequency.

Provisioning Frequency

ProvisioningFrequency isa 32-bit unsigned integer representing the Out-of-band Frequency in which NIU
provisioning occurs. The unit of measure is Hertz.

Downstream Type

DownStream_Typeis an 8-bit enumerated type indicating the modulation format for the down stream connection.
{QAM_MPEG,QPSK.1,544, QPSK_3,088,3...255 reserved}
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5.5.3.2 <MAC> Default Configuration Message (Broadcast Downstream)

The <MAC> DEFAULT CONFIGURATION MESSAGEis sent by the INA to the NIU. The messageprovides default
parameter and configuration information to the NIU. The format of the message is shown in Table 20.

Table 20: Default configuration message structure

Default_Configuration_Message(){

32

Service_Channel_Controi_Field
MAC_Flag_Set
Service_Channel

32

Backup_Service_Channel_Control_Field
Backup_MAC_Flag_Set
Backup Service Channel

Upstream_Control_Field
Reserved
Upstream_Transmission_ Rate

Field
Code
Value

Bytes   1

~

==||PO]DO
=

NN ow

NNt ow‘
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

—wa}oa
}
INA_Capabilities

Bit Number/

Description
|
|

1
7.3
2...0  

 

 
Encapsulation
USBitrate
DS_OOBBitrate

Reserved

DS_Header_Suppression
US_Header_Suppression
Piggy_Back_Capable
Resource_Request_Capable
Fragmented_MAC_Messages
Security_Supported
Minislots_for_Reservation
Reserved_for_DAVIC
1B_Signalling
OOB_ Signalling_

 
 
 
 

INA_capabilities_extended
Reserved

Session_binding
16QAM_minislots

 

 

Capabilities_extended_included

lf (INA_capabilities &= Capabilities_extended_included}
{

 

 

ETS!
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9

 
 

 
31...24
23...16
15...12

11: {no, yes}
10: shall be 0

9: {no, yes}
8: {no, yes}
7: {no, yes}
6: {no, yes}
5: {no, yes}
4: {no, yes}
3: {no, yes}
2: shall be 0

1: {no, yes}

 
 

  
  
  
  
    

  
  
 

31...3: shall be 0

2:{no, yes}
1: {no, yes}
0:
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Sign-On Increment Power Retry Count

Sign_On_Iner_Pwr_Retry_Count is an8-bit unsigned integer representing the number ofattempts the NIU
should try to enter the systemat the same powerlevel before incrementing its powerlevel by steps of max. 2 dB.

Service Channel Frequency

ServiceChannelFrequency is a 32-bit unsigned integer representing the upstream frequency assignedto the
service channel. The unit of measure is in Hertz.

MACFlagSet

MACFlagSet is a 5-bit field representing the first Flag set assigned to the service channel. A downstream channel
contains information for each of its associated upstream channels. This information is contained within structures
known as MAC FlagSets represented by either 24 bits (denoted b0...b23) or by 3 bytes (denoted Rxa, Rxb, Rxc), This
information is uniquely assigned to a given upstream channel. Refer to clauses 5.3.1.3 and 5.3.2.1 for the use ofthis
parameter.

Service Channel

Service_Channelis a 3-bit field which defines the channel assigned to the ServiceChannelFrequency.It
identifies the logical channel (denoted by 'c') assigned to the NIU/STB. Referto clauses 5.3.2.1 and 5.3.3 for the use of
this parameter.

Backup Service Channel Frequency

Backup_Service_ChannelFrequency isa 32 bit unsignedinteger representing the upstream frequency
assigned to the backup service channel. The backup service channel is used when entry onthe primary service channel
fails. The unit of measure is in Hertz. If there is no Backup Service Channel, this parameter shall be equalto the Service
Channel Frequency.

Backup_MACFlagSet

 
Backup_MACFlag_Set isa 5-bit field representing the first Flag set assigned to the backup service channel. The
function ofthis field is the same as the MAC_FlagSet above but with respect to the backup service channel.If there is
no Backup Service Channel, this parametershall be equal to the MAC Flag Set.

Backup_Service Channel

Backup_Service_Channel]isa 3-bit field which defines the channel assigned to the Backup
ServiceChannelFrequency. The function ofthis 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.-

ServiceChannel_FrameLength [reserved]

Unused in this version.

Service Channel Last Slot

Service_Channel_Last_Slot isa 16-bit unsignedinteger representing the largest slot value of the NIUs'
upstreamslot position counter (as defined in clause 5.4.4).

Only 13 lowest significant bits shall be considered. 3 MSBare reserved for future use.

Informative note: Since the value of Service_ChannelLastSlot equals ((N+1) x 3 x m)-1, where "N"is the
maximum value of the upstream slot position register (M10-M1), and "m"is a constant dependent upon the upstream bit
rate, (see clause 5.4.4), one mayuseit to calculate the fixed number N. The NIU is capable of deriving the
Last_Slot_number for each channel from N and the upstream bit rate of the respective channel.

Maximum Power Level

MAXPowerLevelis an 8-bit unsigned integer representing the maximum powerthe NIU shall be allowed to useto
transmit upstream. The unit of measure is in dBuV (RMS) on 75 Q.
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Minimum Power Level

MIN_Powex_Level is an 8-bit unsigned integer representing the minimum power the NIU shall be allowed to use to
transmit upstream. The unit of measure is in dBuV (RMS)on 75 Q.

Upstream Transmission Rate

Upstream_Transmission_Rate is a 3-bit enumerated type that indicates the upstream transmissionbit rate.

enum Upstream_Transmission_Rate {Upstream_256K, Upstream_1,544M, Upstream_3,088M,
Upstream_6,176M, reserved 4...7}; 

MINBackoff_Exponent

 
MINBackoffExponent is an 8-bit unsigned integer representing the minimumvalue of the backoff exponent
counter. Only the 5 least significant bits are valid, the 3 most significant bits are reserved for future use.

MAXBackoffExponent

MAXBackoff_Exponent is an 8-bit unsigned integer representing the maximumvalue of the backoff exponent
counter. Only the 5 least significant bits are valid, the 3 most significant bits are reserved for future use.

 

Idle_Interval

IdleInterval isa 16-bit unsigned integer representing the predefined interval for the Idle Messages. Valid
intervals shall be between 60 and 600, where the unit of the measure is in seconds. In addition, the value of zero
indicates that no Idle messages shall be sent.

Absolute_Time_Offset

AbsoluteTimeOffset isa 16-bit signed integer used to set the default Absolute_Time_Offset (defined in
clause 5.3.1.3) when first signing on. The unit of measure is 100 ns.

Frequency Ranging Step

Used only for LMDS (EN 301 199 [18]).

Number_of_Timeouts

Number_ofTimeoutsis an 8-bit unsigned integer which identifies the number of timeout codes and values
included in the message.

Code

Codeis a 4-bit unsigned integer whichidentifies the timeout or group of timeouts (according to Table 21, Table 22 and
Table 51) for whichthe following value is given.

Value

Valueis a 4-bit unsigned integer which givesthe value for the timeout or group of timeouts identified by the
preceding code. The timeout can be derived from Table 21a.
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Table 21a

Timeout (ms)
Infinite (disabled

Pp
aee

  Value

  
  

  

  
30

300  
 

7
3.000
6 000

11
12

4 
 

  
1
1

_=
5  

Ifno values are given in the <MAC> Default Configuration Message, the default values apply.

Table 21: Headend Timeout Values

Transaction(s)
Ranging and powercalibration -> Ranging and powercalibration response
Connect -> Connect response (no frequency change)
Release -> Release response
Transmission control -> Link management response(no frequency change)
Reservation ID assignment -> Reservation ID response
Reprovision -> Link management response (no frequency change)
Status request -> Status response message
Init complete -> Connect response
Init. complete -> Link management response

  
 

300

 

 
 Connect -> Sign on response(only for frequency change)

Reprovision -> Sign on response(only for frequency change)
Transmission control -> Sign on response (only for frequency change    

The Unit for the timeouts is the millisecond (ms).
These timeouts apply when the mentioned two messages are consecutive.

Table 22: Terminal Timeout Values

 
 

Code Transaction(s) Defauit
Value

Ox2 Default configuration interval{time between two Def. Conf. msg)
Sign on requestinterval

0x3 Sign on response -> Ranging and powercalibration
Sign on response-> Initialization complete
Ranging and powercalibration response -> Ranging and power
calibration

Ranging and powercalibration response -> Initialization complete
Connect response -> Connect confirm
Resource Request -> Release

  
  

  
 
 

 
 

 
Resource Request -> Reservation_ID assignment 
 

 Initialization complete -> Connect
Resource Request -> Resource Request Denied
Resource Request -> Connect
Resource Request -> Reprovision
Timeout in ERRORstate (time to wait before going to "Wait for
Provisioning Message"state, see clause A.1

    
  
 

      

ETSI

Default Value

3 000
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The Unit for the timeouts is the millisecond (ms).
These timeouts apply when the mentioned two messages are consecutive.

INA_Capabilities

INACapabilitiesis a 32-bit field that indicates the capabilities of the INA.It has the following subfields:

 Encapsulation is an 8-bitfield that indicates the type(s) of encapsulation supported by the INA: {DIRECT_IP,
EthernetMACBridging, PPP, reserved 3...7}. Bit 0 is the Isb and corresponds to bit 24 of the INA_Capabilities field.

USBitrate is an 8-bit field that indicates the upstreambitrate(s) supported by the INA: {256kbit/s,
1,544 Mbit/s, 3,088 Mbit/s, 6,176 Mbit/s, reserved 4...7}. Bit 0 is the Isb and corresponds to bit 16 of the
INA_Capabilities field.

DS_OOBBitrate isa 4-bit field that indicates the downstream OOBbitrate(s) supported by the INA:
{1,544 Mbit/s, 3,088 Mbit/s, reserved 2...3}. Bit 0 is the Isb and corresponds to bit 12 of the INA_Capabilities
field.

Capabilitiesextendedincluded: 1-bit field. if true, the message includesthe
INA_capabilities_extended field.

Reserved:Reserved for future use

DSHeaderSuppression isa 1-bit field that indicates ifthe INA supports header suppression in
downstream direction.

US_HeaderSuppressionis a 1-bit field that indicates if the INA supports header suppression in upstream
direction.

PiggyBackCapable isa 1-bit field that indicates if the INA is able to process Piggy Back requests and
assignments,

ResourceRequestCapable isa 1-bit field that indicates if the INA is able to process <MAC> Resource
Request Messages.

FragmentedMACMessagesisa1-bit field that indicates that the INA is able to support MAC messages
having the compound MACInformation_Elements field of a single up to 512 bytes in size. This flag is also for
backwards compatibility with INAs not supporting MAC message fragmentation and re-assembly. By notsetting
this bit, the INA indicates that it does not support fragmented MAC messagesat all, and will not understand or
utilize the FragmentNoMACAddress and FragmentMAC_Address_Included MAC message syntax types.

Security_Suportedis a 1-bit field that indicates that the INA is able to support the security extensions
specified in this protocol.

MinislotsforReservation isa 1-bit field that indicates that the INA is capable ofutilizing minislots.

ReservedforDAVIC: Reserved for compatibility with DAVIC.

IBSignalling isa 1-bit field that indicates that the INA is capable ofutilizing IB signalling.

OOBSignalling isa 1-bit field that indicates that the [NA is capableofutilizing OOBsignalling.

INA_CapabilitiesExtended

INA_CapabilitiesExtendedis a 32-bitfield that indicates further capabilities of the INA.It has the following
subfields:

Reserved: Reserved for future use

Sessionbinding is a 1-bit boolean field, indicating if the INA supports session binding.

16QAMMinislots isa 1-bitfield that indicates if the INA supports 16QAM minislots.

16QAM is a 1-bit field that indicates if the INA supports 16QAM modulation.
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5.5.4 Sign On and Calibration

The NIU shall Sign On via the Sign-On Procedure. The signalling flow for Sign-Onis described below.

The NIU shall tune to the downstream Provisioning channel and the upstream service channel with the information
provided inthe Initialization and Provisioning sequence.

The NIU shall await the <MAC> Sign-On Request Message from the INA Entity.

Upon receiving the <MAC> Sign-On Request Message, the NIU shall respond with the <MAC> Sign-On
Response Message. The Sign-On Response Messageshall be transmitted on a Ranging Slot. The NIU/STBshall
either use settings of the last successful Sign-on procedureif it is enabled by the INA or the Min_Power_Level
contained in the <MAC> Default Configuration Message.

The INA,upon receiving the Sign-On Response Message shall validate the NIU, either sending <MAC>
Initialization Complete Message or the <MAC> Ranging and Power Calibration Message.

- The NIU shall respond to the <MAC> Ranging and Power Calibration Message with the <MAC> Ranging and Power Calibration Response
Message, The <MAC> Ranging and PowerCalibration Response Messageshall be transmitted on a Ranging Slot (which can either be in the
ranging region (b0 = 1) or reservedregion (if a ranging slot numberis given in the message). ‘The calibration sequence is not always necessary.

The INAshall send the <MAC> Initialization Complete Message when the NIU is calibrated. The NIU is assumed
to be calibrated if the message arrives within a window of0,75 symbols (upstream rate) and a power within a
window of +1,5 dB from their optimal value.

INA NIU/STB

<MAC>Sign-On-_—__
Message

<MAC>Sign-On+
Response Message

<MAC> Ranging and
PowerCalibration

Message

<MAC> Ranging and
Power Calibration

Response Message

<MAC>Initialization

Complete

Figure 35: Ranging and Calibration Signalling

A more detailed description of the ranging and calibration process, including state diagrams and timeouts, is given in
clause A.1,
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5.5.4.1 <MAC> Sign-On Request Message (Broadcast Downstream)

The <MAC> Sign-On Request message is issued periodically by the INA to allow a NIU to indicate its presence in the
network. The format ofthis subcommand is shown in Table 23.

Table 23: Sign-On Request Message Structure

|Bits[Bytes|BitNumber/Description_  Sign-On_Request_Message 
 

 

 
 

 

 
  

 
  

  
 
 

Sign-On_Control_Field ftReserved 6 7.02

Need_Calibration 1 1: {0 = enable rapid sign-on,
1 = disable rapid sign-on}

Address _Filter_Params_Included 1 :

|_Response_CollectionTimeWindow|16|2

PiesAdaress_ Filter Params_Included {  
Sign-On Control Field

Sign-On_Control_Field specifies what parameters are included in the SIGN-ON REQUEST:

Need_Calibrationindicates to the NIU that it has to enter the sign-on processstarting with the Min_Power_Level
and Absolute_TimeOffset (and Frequency_Offset for LMDS) defined in the <MAC> Default_Configuration_message.
If the bit is not set, the NIU is allowed to start the sign-on with the values for Power_Level and Time_Offset (and
FrequencyOffset for LMDS)thatit has usedforits last upstream transmissionafter successful sign-on. This bit is only
to be taken into account for sign-on processes that follow the reception of a Transmission Control Message,
Reprovision_Message or Connect_Message. Inall other cases the parameters defined in the <MAC>
Default_Configuration_Message have to be used independentof the setting of the Need_Calibration bit.

AddressFilterParams_Included isa boolean, whenset, indicates that the NIU should respondto the
SIGN-ON REQUESTonly if its address matches the filter requirements specified in the message.

Response Collection Time Window

ResponseCollectionTimeWindow is a 16-bit unsigned integer that specifies the maximum time forthe
SIGN-ON RESPONSEmessage transmission randomization. The unit of measureis the millisecond (ms).

Address Position Mask

AddressPositionMask isan 8-bit unsignedintegerthat indicates the bit positions in the NIU MACaddress
that are used for addressfiltering comparison. Thebit positions are comprised between bit number Mask and Mask+7.
Mask = 0 corresponds to the 8 LSBs ofthe address, i.e., it represents the numberofbits shifted to the left. The
maximum valucis 40.

Address Comparison Value

AddressComparisonValueis an 8-bit unsigned integer that specifies the value that the NIU shoulduse for
MACaddress comparison.

ETSI EXHIBIT 2005



EXHIBIT 2005

72 ETSI ES 200 800 V1.3.1 (2001-10)

<—________—_ 6bytes=48 bits —
 

  | Mask| 7 - MACaddress
MSB K LSB

Address comparison[P Address_Position_Mask 
value (8 bits)

Figure 36: Position of Mask in MAC address

5.5.4.2 <MAC> Sign-On Response Message (Upstream Ranging)

The <MAC> Sign-On Response Messageis sent by the NIU in response to the <MAC> Sign-On Request Message
issued by the INA Entity. The NIU shall wait for a randomtime less than Response_Collection_Time_Window
to send this message.

If the sign-on procedure did notstart at the Min_Power_Level (see clause 5.5.4), when the NIU hasnotreceived any
response from the INA after Sign_On_Incr_Pwr_Retry_Countattempts,it shall retry with the
MinPowerLevel.

Table 24: Sign-On response Messagestructure

Bits Bytes Bit Number/
Description

29 we
1 :

1 1
4 0

Sign-On_Response_Message(){

 
 
 

 
 

 
 NIU/STB_Status

Reserved

Network_Address_Registered
Connection_Established
Reserved for compatibilit

NIU/STB_Error_Code
Reserved

Connect_Confirm_Timeout
First_Connection_Timeout
Range_Response_Timeout

NIU/STB_RetryCount
NIU/STB_Capabilities

Encapsulation
USBitrate
DS_OOBBitrate
Capabilities_extended_included
Reserved

DS_Header_Suppression
US_Header_Suppression
Piggy_Back_Capable
Resource_Request_Capable
Fragmented_MAC_Messages
Security_Supported
Minislots_for_Reservation
Reserved_for_DAVIC
IB_Signalling
OOB_Signalling

if (NIU_capabilities &=
capabilities_extended_included,

NIU_capabilitiesextended
Reserved

Session_binding
Extended_Reprovision
16QAM_mminislots

  
 

 
 
 

  
 

  
 
 

 
 

 
   
 

  

  
 
 
 
 
 
 

 

 
 
 
 
 

 
 
 
 
 

10: shall be zero

9: {no, yes}
8: {no, yes}
7: {no, yes}
6: {no, yes}

 
  
 
 
 
 

 
 
 

 
 
 

 
 

 
 
 

2: shall be zero

1: {no, yes}

 
  
 
  

 
 
 
 

 
 
 

  

31...4: must be 0

3:{no, yes}
2: {no, yes}

5: {no, yes}
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NIU/STB_Status
NIU/STB_Statusis a 32-bit field that indicates the current state of the NIU/STB.It has the following subfields:

NetworkAddressRegisteredindicates that the Network Interface Module has registered its NSAP
Address with the Application Module. The NSAP Address is not currently used but remains reserved for this

 
purpose.

ConnectionEstablished indicatesthat the Network Interface Module has been assigned Connection
parameters.

NIU/STB_Error_Code
NIU/STB_ErrorCodeis an 16-bit field that indicates the error condition within the NIU/STB.It has the following
subfields:

Connect_Confirm_Timeout (set to 1 for transition SCE:E4 or DCE:E8, see clause A.2)
First_Connection_Timeout (set to 1 for transition DCE:E2,see clause A.2)
RangeResponseTimeout (set to | for transition RC:E13, see clause A.1)

In case of a timeout in the currentsignalling, the corresponding subfield is set to one, see clause A.1.

NIU/STB_Retry_Count
NIU/STBRetryCount isan 8-bit unsigned integer that indicates the number oftransmissions of the <MAC>
Sign-On Response. Thisfield is always included in the response to the <MAC> Sign-On Request. This field shall be
initialized to zero whenever a Sign-Onprocedureis started, and this field shall be incremented by one each time the
messageis transmitted until the Sign-On procedure completes or the value reachesit is maximum value (255). In the
case that this field reaches it is maximum value,it shall remain at the maximum valuefor the remainder of the current
Sign-Onprocedure.

NIU/STB_Capabilities
NIU/STBCapabilitiesis a 32-bit field that indicates the capabilities of the NIU/STB.It has the following
subfields:

Encapsulation is an8-bit ficld that indicates the type(s) of encapsulation supported by the NIU/STB:
{DIRECT_IP, Ethernet_MACBridging, PPP, reserved 3...7}. Bit 0 is the lsb and correspondsto bit 24 of the
NIU/STB_Capabilities field.

 

USBitrate is an8-bit field that indicates the upstream bitrate(s) supported by the NIU/STB: {256 kbit/s,
1,544 Mbit/s, 3,088 Mbit/s, 6,176 Mbit/s, reserved 4...7}. Bit 0 is the isb and correspondsto bit 16 of the
NIU/STB_Capabilities field.

DSOOBBitrate isa4-bit field that indicates the downstream OOBbitrate(s) supported by the NIU/STB:
{1,544 Mbit/s, 3,088 Mbit/s, reserved 2...3}. Bit 0 is the lsb and correspondsto bit 12 of the
NIU/STB_Capabilities field.

Capabilitiesextended_included: 1-bitfield. if set to true, the message includesthe
NIU_capabilities_extended_field.

Reserved: Reserved for future use.

DSHeaderSuppressionisa 1-bit ficld that indicates if the NIU supports header suppression in
downstreamdirection.

 
USHeaderSuppressionis a 1-bit field that indicates if the NIU supports header suppression in upstream
direction.

PiggyBackCapable isa 1-bit field that indicates ifthe NIU is able to append Piggy Back requests onto a
PDU ATMcell.

ResourceRequestCapable isa 1-bit field that indicates if the NIU is able to send <MAC> Resource
Request Messages.

Fragmented_MACMessages isa 1-bit field that indicates that the NIU/STB is able to support MAC
messages having the compound MAC_Information_Elementsfield of a single up to 512 bytes in size. This flag
is also for backwards compatibility with NIU/STBs not supporting MAC message fragmentation and re-
assembly. By notsetting this bit, the NIU/STB indicates that it does not support fragmented MAC messagesat
all, and will not understandorutilize the Fragment_No_MAC_Address and FragmentMACAddressIncluded
MACmessage syntax types.
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SecuritySupportedisa 1-bit field that indicates that the NIU/STB is able to support the security
extensions specified in this protocol.

Minislots_for_Reservation isa 1-bit field that indicates that the NIU/STB is capable of utilizing
minislots.

Reservedfor_DAVIC: Reserved for compatibility with DAVIC.

IBSignalling isan1-bit field that indicates that the NIU/STB is capable of utilizing IB signalling.

OOB_Signalling isa 1-bit field that indicates that the NIU/STBis capable of utilizing OOB signalling.

NIU/STB_Capabilities_Extended

NIU/STB_CapabilitiesExtended is a 32-bit field that indicates the capabilities of the NIU/STB.It has the
following subfields:

 

Reserved:Reserved for future use.

Session_binding isa |-bvit field that indicates if the NIU supports session binding.

Extended_Reprovisionis a 1-bit field that indicates if the NIU supports extended reprovision.

16QAMMinislotsis a 1-bit field that indicates ifthe NIU supports 16QAM minislots.

16QAM is a 1-bit field that indicates if the NIU supports 16QAM modulation.

5.5.4.3 <MAC> Ranging and Power Calibration Message (Singlecast Downstream)

The <MAC> RANGING AND POWER CALIBRATION MESSAGEissent by the INA to the NIU to adjust the power
level or time offset the NIU is using for upstream transmission. The format of this message is shownin the following
Table. Minislots are not used for ranging.

Table 25: Ranging and PowerCalibration Message structure

Ranging_and_Power_Calibration_Message(){ ae Bit Number/Description
Range_Power_Control_Field

Reserved 7-4: shall be 0.

Equalizer_coefficients_included 3: {no, yes}
Ranging_Slot_Included . 2: {no, yes}
Time_Adjustment_Included 1: fno, yes}

Power_Adjustment_Included :

ees||Time_Adjustment_Inctuded){

Eeare
memarPower_Adjustment_Included,

|___PowerControlSetting8)
a

if (Range_Power_Control_Field &= Pf
[|RangingSlot_NumberOTT()TQ)=e

ifangePower_Contro!_Field viEqualizer_coefficients included, Pf
|_____Equalizer_coefficients(256)|(82)|

Po
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Range and Power Control Field

RangePowerControlField specifies which Range and Power Control Parameters are included in the
message.

Equalizer coefficients included

Equalizercoefficientsincluded indicates if the message includes a new set of coefficients for the NIU
pre equalizer.

Time Adjustment Included

time_adjustment_included isa boolean whenset, indicates that a relative Time Offset Value is included that
the NIU should use to adjust its upstream slot transmit position.

Power Adjust Included

poweradjustincluded isa boolean whenset, indicates that a relative Power Control Setting is included in the
message

Ranging Slot Included

RangingSlot_Includedis a boolean whenset, indicates the calibration slot available. Whenthis bit equals 1, the
NIU shall send its response on the slot number given by Ranging Slot Number. Whenthis bit equals 0, the NIU shall
respond ona ranging slot as mentioned in clause A.1.

Time Offset Value

TimeOffset_Value isa 16-bit short integer representinga relative offset of the upstream transmission timing. A
negative value indicates an adjustment forwardintime (later). A positive value indicates an adjustment back in time
(earlier), The unit of measure is 100 ns (The NIU wilt adjust approximately its time offset to the closest value indicated
by the Time_Offset_Value parameter, which implies that no extra clock is needed to adjust to the correct offset).

Power ControlSetting

PowerControlSetting isan 8-bit signed integer to be used to set the new powerlevel of the NIU.(A positive
value represents an increase of the output power level).

New output_power_level = current output_power_level + power_control_setting x 0,5 dB.

Ranging Slot Number

RangingSlotNumberisa 16-bit unsigned integerthat represents the reserved access Slot Numberassigned for
Ranging the NIU. It shall be assigned by the INA in the reservation area. The INA shall assure that an unassigned slot
precedes and followsthe ranging slot.

Only 13 lowest significant bits shall be considered. 3 MSBare reserved for future used.

Equalizer_coefficients

Equalizercoefficients field is a 32 byte field that lists the new coefficients for the NIU pre equalizer. The
taps coefficient real and imaginary parts will consist of 16 bit, coded in fractional two's complement notation. The NIU
will convolve these coefficients with the current coefficients. The coding order will be: tap0 [real, imag], tap 1[real,
imag] and so on.
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5.5.4.4 <MAC> Ranging and PowerCalibration Response Message (Upstream
Ranging or reserved)

The <MAC> RANGING AND POWER CALIBRATION RESPONSEMessageis sent by the NIU to the INA in
response to the <MAC> RANGING AND POWER CALIBRATION MESSAGE.The format of the message is shown
in the following Table.

Table 26: Ranging and PowerCalibration Response Message Structure

RangingPower_Response_Message(){ Bit Number/
Description Power_Control_Setting J

Pe po

Power Control Setting

PowerControlSetting is an 8-bit unsigned integer representing the actual power used by the NIU for
upstreamtransmission. The unit of measure is 0,5 dBLV.

5.5.4.5 <MAC>Initialization Complete Message (Singlecast Downstream)

The <> INITIALIZATION COMPLETEMessageis sent by the INA to the /STB to indicate the end of the Sign-On
and Provisioning procedure. The STB/ shall re-enter the initialization process after receiving a non-zero
CompletionStatusField value. The <MAC> Transmission Control Message can be used to stop the NIU fromsending
upstream messages.

Initialization_Complete_Message( Bit Number/Description
Completion_Status_Field

Reserved

Invalid_STB/
Timing_Ranging_Error
Power_Ranging_Error
Other_Error 

Completion_Status_Field

CompletionStatusField is an 8-bit field that indicates errors in the initialization phase. It has the following
subfields:

Invalid_STB/ isa boolean that (whenset to 1) indicates that the STB/is invalid.

TimingRanging_Error isa boolean that (whenset to 1) indicates that the ranging has not succeeded.

 Power_Ranging_Ervroris a booleanthat (whenset to 1)indicates that the power ranging has not
succeeded,

Other_Erroris a boolean that (when set to 1) indicates an error with unspecified type.

5.5.5 Connection Establishment

Two cases shall be considered:

1) Establishmentofthefirst (initial) connection;

2) Establishment of additional connections.
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5.5.5.1 Establishmentof the First(Initial) Connection

After Initialization, Provisioning and Sign On Procedures are complete, the INA shall assign an upstream and
downstream connection to the NIU. This connection canbe assigned on any of the upstream channels, according to the
NIU/INAcapabilities:

NIUsthat support 16QAM modulation can be assigned upstream channels that use either QPSK or 16QAM modulation.
NIUsthat support only QPSK modulation will be assigned any of the QPSK upstream channels.

The INA shall assign the connection by sending the <MAC> Connect Messageto the NIU. This message shall contain
the upstream connection parameters, the downstream frequency on which the connection is to reside, and the channel
modulation. Fromthis point, the NIU will use the modulationthat is indicated by the channel (16QAM/QPSK).

The NIU,uponreceiving the <MAC> Connect Messageshall tune to the required upstream and downstream
frequencies and send the <MAC> Connect Response Message confirming receipt of the message. However, if the US
and/or the DS frequency contained in the <MAC> Connect Messageis different than the current US and/or DS
frequency, the NIU/STBshall tune to the newfrequency(ies) and enter the Sign-On procedure as defined in
clause 5.5.4, the Connection_Established flag being set and the NIU/STBretry count reset. The NIU/STB shall send the
<MAC> Connect Response Messageafter the <MAC>Initialization Complete Message.

Uponreceipt of the <MAC> Connect Response Message, the INA shall confirm the new connection by sending the
<MAC> Connect Confirm Message.

INA NIU/STB

<MAC>

Connect Message

<MAC>
Connect Response

<MAC> Connect
onfirm

Figure 37: Connection Signalling for the Initial Connection

A more detailed description of the connection establishment process, including state diagrams and time outs, is given in
clause A.2.
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<MAC> Connect Message (Singlecast Downstream)

Table 27: Connect Message Structure

Connection_ID
|__Session.NumberttsC—‘“‘LCSCOT

Connection_Control_Field_Aux
Connection_control_field2_included
IPv6_add
Priority_Included

Connect_Message (){ Bits Bytes Bit Number/
Description

Le
Po

7: {no, yes}
6: {no, yes}
5: {no, yes}
4: {no, yes}
3: {no, yes}
2: {no, yes}
1: {no, yes}
0: {no, yes}

Resource_Number|8|47|

Flowspec_DS_Included
Session_Binding_US_Included
Session_Binding_DS_Included
Encapsulation_Included
DS_Multiprotocol_ CBD_Included

 —=3Smoo8
Connection_Control_Field

 

 

 
 

   

 
  

      

 
 

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,
|Frame_Length
|_____Maximum_ContentionAccessMessageLength|8|tT
|____Maximum_ReservationAccessMessageLength=[|8|1|
|___if(Connection_Control_Field&=DS_ATM_CBD_Included){|||

(64)|(8)[
aa
|____ff(Connection_Control_Field&=DS_MPEGCBD_Included){|=|Td

(48) (6) [
annnSNOTSTO
|___if(Connection_Control_Field&=US_ATM_CBDIncluded){|=[|so[

(64) a
a

if (Connection_Control_Field &=

Number_Slots_Defined|(8)|@)fo
for (=0;i<Number_Slots_Defined: i++{ PT

eB} |
Cn
|___if(MAC_Control_Params==CyclicAssignment{||FixedRateAccess
|C*WFixerateStart—C“(ié‘L:CSC(BY):CiG#:—i(|
|SeCFixedrateDist—(“(tis:C)CST)|
|FixedrateEndCisEC(tH)|)|
Pf

ime||DS_Multiprotocof_CBD_Included) {
|__——s«éDownstream_MultiprotocolCDB()sssCdT:sC(48)—«Tsss()|
PO

if (Connection_Control_Field_Aux &= Encapsulation_Included) { [
Encapsulation (8) (es
Cf

if (Connection_Control_Field_Aux &= priority_Included) {
Priority (8) (1)

If (Connection_Control_Field_Aux &= flowspec_DS_Included) {
Max_packet_size (16 2 Bytes
Average_bitrate (16) (2) Bytes/s
Jitter (8) (1) ms

i
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Connect_Message (){ Bits Bytes Bit Number/
Description

lf (Connection_Control_Field_Aux &=
upstream_session_binding_Included) &&
Connection _Control_Field_Aux != IPv6_add, 

 

   
  
 
 

 
  

US_session_binding_control (32) (4)
NIU_client_source_IP_add (32) (4)||

[ NIU_client_destination_IP_add (32) (4)
NIU_client_source_port (16) (2)
NIU_client_destination_port 16 2
Upstream_transport_protocol (8)

NIU_client_source_MAC_add (48)
NIU_client_destinationMACadd (48) (6)

Upstream_interent_protocol (16) (2)
Upstream_session_Id (32) (4)
 

if (Connection_control_aux_ Field &=
downstream_session_binding_Included) &&
(Connection_Control_Field_Aux != IPv6_add) {

  
 

 
DS_session_binding_control (32) (4)
INA_client_source_IP_add (32) (4)
 

 

 
 
  

INA_client_destination_IP_add (32) (4)
INA_client_source_port (16)|(2)
INA_client_destination_port (16) (2)
Downstream_transport_protocol (8) (1)
INA_client_source_MAC_add (48) (6)
INA_client_destination_MAC_add (48)
Dowstream_interent_protocol (16)
Dowstream_session_lId

 
 

 
  

  
 

  
 

 
|__t 
 
  

 
 

 
 
  

 

 
  if (Connection_Controt_Field_Aux &=aux_control_field2_included)

 
 

 
 

Connection_control_field2
Reserved

Upstream_modulation_included
if (Connection_Control_Field2 &= Upstream_modulation_included)

(7)
1

Upstream_Modulation
[|
||

 
(1)

7...1: shall be 0
0: {no, yes

Pe 

Connection ID

Connection_ID isa 32-bit unsigned integer representing a connection Identifier for the NIU Dynamic Connection.

Session Number

SessionNumberis a 32-bit unsigned integer representing the Session that the connection parameters are associated,
This parameteris not used by the present document.

Connection Control FieldAux

Connectioncontrolfield2included: a 1-bit field. if true, the message includes a
Connectioncontrol_field2 field.

IPvé_add:if set to 1, IP addresses at the session binding blocks are IPv6 compatible.

Priority_included:if set to 1, the message includesa priority field.

FlowspecDSincluded:ifsetto 1, the message includes a downstream flow spec.

SessionbindingUSIncluded:ifset to 1, the message includes a session binding description for the
upstream.
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Session_bindingDS_included:if set to 1, the message includes a session binding description for the
downstream.

Encapsulation_Includedis a boolean that indicates that the type of encapsulation is included in the message.

DS_Multiprotocol_CBD_Included isa booleanthat indicates that the Downstream Multiprotocol Descriptoris
included in the message.

Resource Number

Resource_Numberis an 8-bit unsigned integer providing a unique numberto the resource defined in the message.If the
Connect Messageis the result of a Resource Request by the NIU,it shall be equal to the ResourceRequest_ID of the
Resource Request, otherwise it shall be 0.

Connection Control Field

DS_ATM_CBD_Included isa boolean that indicates that the Downstream Descriptoris included in the message.

DS_MPEGCBD_Included isa boolean that indicates that the Downstream Descriptoris included in the message.
   

US_ATM_CBD_Included isa booleanthat indicates that the Upstream Descriptoris included in the message.

Upstream_Channel_Numberis a 3-bit unsigned integer which identifies the logical channel (denoted by'c')
assigned to the NIU/STB. Referto clause 5.3.2.1 for the use ofthis parameter.

Slot_List_Included isa booleanthat indicates that the Slot List is included in the message. Having Cyclic
Assignments and Slot List Assignments for the same Connect_ID at the sametimeis not allowed.

Cyclic_Assignment isa booleanthat indicates Cyclic Assignment. Having Cyclic Assignments and Slot List
Assignments for the same Connect_ID at the same time is not allowed.

The connection type can be deduced from the presence or the absence of the Connection Control Fields relative to the
CBDs. The following table summarizes the valid combinations.

DSMPEG_CBD Connection Type

DVB Multiprotocol Encapsulation
over MPEG [6

YES Reserved for

ATM over DVBData piping
over MPEG [14]

All other combinations will not be used by the INA.If so, the message shall be ignored by the NIU/STB (no
<MAC>Connect Response Messageshall be sent).

 
 DS_ATM_CB

YES
NO

ES

D

   
 
 

 Y

   

Frame Length

Frame_length - This 16-bit unsigned numberrepresents the number of successiveslots in the fixed rate access
region associated with eachfixed rate slot assignment. In the slot_list methodofallocatingslots it represents the
numberof successive slots associated with each elementin thelist. In the cyclic methodofallocating slots it represents
the numberofsuccessive slots associated with the Fixedrate_Start_slot and those whichare multiples of
Fixedrate_Distance from the Fixedrate_Start_slot within the Fixed rate access region.

Maximum Contention Access Message Length

Maximum_contention_access_message_lengthis an 8-bit numberrepresenting the maximum length of a
message in upstream packets that may be transmitted using contention access. Any message greater than this should use
reservation access.

Maximum Reservation Access Message Length

Maximum_reservation_accessmessage_length is an 8-bit numberrepresenting the maximum length of a
message in upstream packets that may be transmitted using a single reservation access. Any message greater than this
shall be transmitted by making multiple reservation requests.
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Downstream ATM Connection Block Descriptor

Table 28: Downstream_ATM_CBD substructure

Downstream_ATM_CBD({|Bits|

|8

Bit Number/Description

Downstream_VPI
Downstream _VCl 

DownstreamFrequency is a 32-bit unsigned integer representing the Frequency where the connection resides.
The unit of measure is in Hertz.

DownstreamVPI is an 8-bit unsigned integer representing the ATM Virtual Path Identifier that is used for
downstream transmission over the Dynamic Connection.

Downstream_VCI is a 16-bit unsigned integer representing the ATM Virtual Channel Identifierthat is used for
downstream transmission over the Dynamic Connection.

DownStream_Typeis an 8-bit enumerated type indicating the modulation format for the down stream connection.
{QAM_MPEG, QPSK_1,544, QPSK_3,088,3...255 reserved}.

Downstream MPEG Connection Block Descriptor

Table 29: Downstream_MPEG_CBD substructure

Downstream_MPEG_CBD(){ Bits Bytes Bit Number/
Description

Downstream,Frequenc aee
1|2

2 4
2

pe
 

DownstreamFrequency is a 32-bit unsigned integer representing the Frequency where the connectionresides.
The unit of measure is in Hertz.

ProgramNumber isa 16-bit unsigned integer uniquely referencing the downstream virtual connection assignment
(PID of the MPEG-2 header, not equal to the program number defined by MPEG-2!). Only the 13 least significantbits
are valid, the three most significant bits are reserved for future use.

Upstream ATM Connection Block Descriptor

Table 30: Upstream_ATM_CBD substructure

Upstream_ATM_CBD(){ Bytes Bit Number/
Description

Upstream_VPI

Upstream_VCl

 

 

MAG_Flag_Set
Upsiream_Rate
 

UpstreamFrequency is a 32-bit unsigned integer representing the channel on assigned to the connection. The
unit of measure is in Hertz.

Upstream_VPI is an 8-bit unsigned integer representing the ATM Virtual Path Identifier that is used for upstream
transmission over the Dynamic Connection.
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Upstream_VCI is a 16-bit unsigned integer representing the ATM Virtual Channel Identifier that is used for
upstream transmission over the Dynamic Connection.

MAC_Flag_Setis a 5-bit field representing the first Flag set assigned to the logical channel. A downstream channel
contains information for each of its associated upstream channel. This information is contained within structures known
as MAC Flag Sets represented by either 24 bits (denoted b0...b23) or by 3 bytes (denoted Rxa, Rxb, Rxc). This
information is uniquely assigned to a given upstream channel. Referto clauses 5.3.1.3 and 5.3.2.1 for the use ofthis
parameter.

Upstream_Rateis a 3-bit enumerated type indicating the upstream transmission grade for the upstream connection.
{ Upstream_A_AQ, Upstream_B_BQ, Upstream_C_CQ, Upsteam_D_DQ,4...7 reserved}

Number ofSlots Defined

NumberSlotsDefined is an 8-bit unsigned integer that represents the numberofslot assignments contained in
the message. The unit of measureis slots.

Slot Number

Slot_Number isa 16-bit unsigned integer that represents the Fixed rate based Slot Number assigned to the NIU.
Only 13 lowest significant bits shall be considered. 3 MSBare reserved for future used.

Fixed Rate Start

FixedrateStart - This 16-bit unsigned numberrepresents the starting slot within the fixed rate access region that
is assigned to the NIU. The NIU may use the next Frame_length slots of the fixed rate access regions. Only 13 lowest
significant bits shall be considered. 3 MSB are reserved for future used.

Fixed Rate Distance

Fixedrate_Distance - This 16-bit unsigned numberrepresents the distance in slots (taking into accountall slots
ofall regions) betweenadditional slots assigned to the NIU. The NIU is assignedall slots that are a multiple of
Fixedrate_Distance from the Fixedrate_Start_slot which do not exceed Fixedrate_End_slot. The NIU mayuse the next
Frame_length slots of the fixed rate access regions from each of these additional slots.

Fixed Rate End

Fixedrate_End - This 16-bit unsigned number indicates the last slot that may be used forfixed rate access. The
slots assigned to the NIU, as determined by using the Fixedrate_Start_slot, the FixedrateDistance and the
Frame_length, cannot exceed this number. Only 13 lowest significant bits shall be considered. 3 MSB are reserved for
future use.

Downstream Multiprotocol Connection Block Descriptor

Table 31: Downstream_Multiprotocol_CBD substructure

Downstream_Multiprotocol_CBD(){ Bit Number/
Description

MAC_Address|48
a Po

  
  

    a
J

MACAddress isa 48-bit MAC address, identifying the only MAC address(for the connection establishedbythis
<MAC> Connect_Message) (used for example for multicast) to filter on in the DVB Multiprotocol Encapsulation
header, according to EN 301 192 [6]. By default (for connections where no Downstream_Multiprotocol_CBDis given
in the <MAC> Connect_Message) the NIU filters on its own MACaddress and the Broadcast MAC address
FP:FF:FF:FF:FF:FF.

Encapsulationis an 8-bit field that indicates the type of encapsulation provided: {Direct_IP,
Ethernet_MAC_Bridging, PPP, reserved 3...7}

Priority: 1 byte field. The value ofthe field defines the priority of the connection. Connections with low priority
field value can be reprovisioned in order to accommodate the requirements of connections with highpriority field.
Priority values will be given according to the following table.
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7 = rs|
Priority values  

 
  

Application
 

0-79

[80-200
201-255

 
   

High priority applications
 

Downstream flow spec:

The downstream flow spec has three parameters:

MaxPacket_gize: the size of the maximum packet (bytes) that will be sent through the connectionin the
downstream, The packet size includes propriety protocols header, transport protocol (UDP/TCP)header, and the IP
header. The packet size does not include the Ethernet header.

Average_bitrate: the averagebitrate, in bytes/s.

Jitter: thetotal jitter that downstream packets can experience.

:

ke—jitter—|

:

Figure 38: Downstream Jitter Definition

  
Session binding information:

 
 

   

  

 
       
   chet INA connection ID NIU ' cent

| [

INA client source IP addrss NIU client source IP addrss
INA client destination IP addrss NIU client destination IP addrss

INA client source port NIU client source port
INA client destination port NIU client destination port
downstream protocol upstream protocol
INA client source MAC address NIU client source MAC address
INA client destination MAC address NIU client destination MAC address

Figure 39: Session Binding Information

The upstream and downstream session binding blocks identify clients that are using the connection. The clients are
identified by their source and destination, the source and destination ports (if relevant), and the protocol.

In most cases, the downstreamand upstream session binding will be identical:

- NIU client source IP address = INA client destination IP address,

- NIU client source port = INA client destination port, and

- necessarily upstream protocol = downstream protocol.

In this case, only the upstream session bindingis sent.
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The message will contain a DS session binding only if there is a difference in the INA and NIU source destination ports
and addresses:

(NIU client source IP address # INA client destination IP address,
NIUclient source port # INA client destination port).

US_session_bindingcontrol: theinterpretation of the US session binding block dependsonthe value of
US_session_bindingcontrol field. The field acts as a bit map, indicating the existence of the different session binding
parameters. If the bit attachedto the session binding parameter, is set to 1, then the parameterexists in the message.If
not, the session binding parameter does not exist. In case a bit indicating to a field that is not defined at the momentis
set to 1, the NIU MUSTtreat the field as a 32-bit field long, and MAY ignoreit.

The mapping between the current session binding parameters and the US_session_binding_controlfield is described in
Table 2.

US_session_binding_control bit number US session binding parameter
NIU_client_source_IP_add
NIU_client_destination_IP_add

NIU_client_source_port
NIU_client_destination_port

Upstream_transport_protocol
NiU_client_sourceMACadd
NIU_client_destination MAC add

Upstream_ethernet_protecol
Upstream_session_ld

| 10-31 Reserved (must be set to 0)

   
 

  
  
 COP)Oo]CA}1Co;MoF—|   

NIU_client_source_IP_add: the IP source address of the NIU client.

NIU_clientdestination_IP_add: the IP destination address of the INA client. 00

NIU_client_source_port: the source port of the INA client.

NIU_clientdest inationport : the destination port of the INA client.

Upstream_transport_protocol: the transport protocol used by the NIU client CUDP/TCP).

NIU_client_source_MAC_add: a 48-bit unsigned integer that identifies the Ethernet MAC address of the NIU
client.

NIU_client_destination_MACadd: a 48-bit unsigned integerthat identifies the destination Ethernet MAC
address of the NIU client.

Upstream_ethernet_protocol:a 16-bit field, defining the internet protocol, as described in the ethernet header.

Upstream_session_Id: a 32-bit field, describing the session_Id, as defined for PPPoE protocol.

DS_session_binding_control: the interpretation of the DS session binding block depends onthe value of
DS_session_bindingcontrol field. The field acts as a bit map, indicating the existence of the different session binding
parameters. Ifthe bit attached to the session binding parameter, is set to 1, then the parameterexist. If not, the session
binding parameter does not exist. In case a bit indicating to a field that is not defined at the momentis set to 1, the NIU
MUSTtreat the filed as a 32-bit field long, and MAY ignoreit.

The mapping betweenthe current session binding parameters and the DS_session_bindingcontrol field is described in
Table 2.
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DS session binding parameter
INA client_source IP_add

INA_client_destination_|P_add
INA_client_source_port

Downstream_transport_protocol
INA_client_source_MAC_add
INA_client_destination_MAC_add
Downsiream_ethernet_protocol
Downstream_session_ld

DS_session_binding_contr bit number  
  
 

 

   
 
  
  
  
 

 

  
 
  

INA_client_source_IP_add: the JP source address of the INA client.

INA_client_destination_IP_add: the IP destination address of the INA client 00

INAclient_source_port: the source port of the INA client.

INAclientdestination_port: the destination port of the INA client.

Downstreamtransportprotocol: the transport protocol used by the INA client (UDP/TCP).
INAclientsourceMACadd: a 48-bit unsigned integerthat identifies the Ethernet MAC address of the INA
client.

INAclientdestination_MAC_add: a 48-bit unsigned integer that identifies the destination Ethernet MAC
address of the INAclient.

Downstream_ethernetprotocol:a 16-bit field, defining the internet protocol, as described in the ethernet
header.

DownstreamsessionId: a 32-bit field, describing the session_Id, as defined for PPPoE protocol.

Connection_control_field2:

Reserved: 7-bit field, for future use. Shall be set to 0.

Upstreammodulation_included: ifsetto true, the message includes the upstream channel modulation type.If
this field is not present the Up_stream modulation is QPSK.

Upstream_modulation:

Upstream_modulation: 8-bits field enumerated type indicating the upstream channel modulation {QPSK,
16QAM,2...255 reserved}

<MAC> Connect Response (Upstream Contention or Reserved)

The <MAC> CONNECT RESPONSE MESSAGEis sent to the INA from the NIU in response to the <MAC>
CONNECT MESSAGE.The messageshall be transmitted on the upstream frequency specified in the <MAC>
CONNECT MESSAGE.If the Upstream frequencyis different than the current upstream frequency, then the procedure
described in clause 5.5.4 shall be used before the <MAC> Connect Response Messageis sent. If the Connect Confirm
message does not arrive within the specified time interval, the NIU shall resend the Connect Response message.

Table 32: Connect response messagestructure

Bytes Bit Number/
Description

Connect_Response(){

Connection_ID
es
 

Connection ID

Connection_ID isa 32-bit unsigned integer representing a global connection Identifier for the NIU Dynamic
Connection.
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<MAC> Connect Confirm (Singlecast Downstream)

The <MAC> Connect Confirm message is sent from the INA to the NIU.

Table 33: Connect Confirm message structure

Connect_Confirm(){ Bits Bit Number/
Description

Connection_ID 
Connection ID

Connection_ID is a 32-bit unsigned integer representing a global connection Identifier for the NIU Dynamic
Connection.

5.5.5.2 Establishment of Additional Connections

The INA can assign additional connections by using the <MAC> Connect Message described previously. The NIU can
request such connections using the <MAC> Resource Request Message. Besides from that, the message sequenceis
the sameas forthe initial connection, with the followingrestrictions:

- For one NIU, the US frequency shall be the sameforall connections, and the OOB and IB frequencies shall be
the same for all OOB and IB comnections respectively.

- Ifa<MAC>Connect Messageis received with new values of US and/or DS frequency, the NIU/STBwill
ignore the message.

- Ifneeded, the INA will use one of the resource management procedure to modify the US or DS frequency (see
clause 5.5.10.2 and Link Management) before sending the additional <MAC>Connect Message.

INA NIU/STB

eee eee eee SMAGPeee
Resource Request

<MAC>
=_-_-oeoooeeeeeeOOOree

ConnectMessage

<MAC>
Connect Response

<MAC> Connect
ontirm

Figure 40: Connection signalling for additional connections

A more detailed description of the connection establishment process, including state diagrams and time outs,is given in
clauses A.2 and A.S.

<MAC> Resource Request Message (Upstream)

The NIU may request a new connection, may request to change the parameters of an existing connection and may
request to release an existing connection by sending a <MAC> Resource Request Message to the INA. The INA can
answerto that request by sending a <MAC> Connect Message, a <MAC> Reservation_ID Assignment
Message/<MAC> Reprovision Message or a<MAC> Release Message, respectively, to the NIU or by sending a
<MAC> Resource Request Denied Message to the NIU.
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Table 34: Resource Request Message Structure
 

 

 
 

Resource_Request_Message_ Of

32
Field

Aux_control_field_included
Admit_flag
Priority_included
Max_packet_size_included
Session_binding_US_IncludedRelease_
Requested :
Reservation_ID_Requested
Cyclic_Assignment_Needed 0: {no, yes}

RequestedBandwidth 24 3 The unit is slots/1 200 ms
Maximum_Distance_Between_Slots|16|Theunit is slots
|8|Po

 
 
 
 
 
 

 
 

 
 
 
 

  
 
 

7: {no, yes}
6: {no, yes}
5: {no, yes}
4: {no, yes}
3: {no, yes}
2: {no, yes}
1: {no, yes}

 
 
 
 

 
 

 
 

 

  
       

  
 

  
   
  
 
 
 
 

     
 
 

if (Field &= aux_control_field_Included) {
| Aux_control_field (1)
| Reserved 5 7...2 must be 0
| IPv6_add (1) 2: {no, yes}

Flowspec_DS_included (1) 1:{no, yes}

Session_binding DS_ included (1) =" {no, yes}}
if (Field &= priority_Included) {

Priority (8) (1)

lf (Field &= max_packet_size_Included,

Frame_length (16) (2) Slots
i
If (aux_control_Field &= Flowspec_DS_included) {

Max_packet_size 16 (2) Bytes
Average_bitrate (16) 2 Bytes/s
Jitter (8 (1) ms
 
 

i
If (Field &= session_binding_US_Included) &&
‘Aux_control_field [= /Pv6_add

 
 
  
  
  

 
 
 

 
 

NIU_client_source_[P_add (32) (4)
US_session_binding_control (32) (4)
NIU_client_destination_IP_add (32) (4)
NIU_client_source_port (16) (2)
NIU_client_destination_port (16) (2) .
Upstream_transport_protocol (8) (1)
NIU_client_sourceMACadd (48) (6)
NIU_client_destination_MAG_add (48) (8)
Upstream_ethernet_protocol (16) (2)
Upstream_session_Id (32) (4) 
 

if (aux_control_Field &=
session_bindingDS_Included) &&
(Aux_control_field != Ipv6_ada) { {
     
 
 
 
 

 DS_session_binding_control (32) (4)
INA_client_source_IP_add (32) (4)
INA_client_destination_IP_add (32) (4)
INA_client_source_port (16) (2)
INA_client_destination_port (16) (2) 

  

 
 

Downstream_transport_protocol (8) (1)
INA_client_source_MAC_add (48) (8)
INA_client_destination_MAC_add
Downstream_ethernet_protocol
Downstream_session_ld
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ResourceRequest_ID is an8-bit unsigned integer which identifies the resource request. The value of the
Resource_Request_ID is incremented by one for every new resource request of the NIU. The value may not be0.

Connection_IDis a 32-bit field whichidentifies the connection for which changes are requested. If the value of
Connection_ID is zero, a new connectionis requested.

Aux_control_field_included: ifset to 1, the message control auxiliary contro!field.

Admit_flaq: ifset to 1, the resources requested by the message should not be granted for the moment. The INA has
to guarantee, that at the moment the resources were committed (admit_flag = 0), the resources will be granted forthe
connection.

Priority_included: if set to 1, the message includesa priority field.

Frame_length_included: if set to 1, the message includes a frame_lengthfield.

Session_bindingUSIncluded: ifset to 1, the message includes a session binding descriptionforthe
upstream.

ReleaseRequested:Ifset to one, the release of the connection is requested. In this case, all following parameters
of the message shall be ignored by the INA.

Reservation_ID_Requested: [fset to one, a Reservation_ID is requested for the connection.

Cyclic_Assignment_Needed: Ifset to one, cyclic assignment is requested for fixed rate access for the
connection. If Requested_Bandwidth is zero,this field is ignored by the INA.

Requested_Bandwidth: Gives the requested bandwidth forfixed rate access for the connectionin slots/]1 200 ms.

Maximum_DistanceBetweenSlots: Gives the requested maximum distance betweenassignedfixed rate
slots. If Requested_Bandwidth is zero, this field is ignored by the INA.

Encapsulation is an 8-bit field that indicates the type of encapsulation requested: {Direct_IP,
EthernetMACBridging, PPP, reserved 3...7}.

Aux_control_field:

Reserved: 5-bits field, must be setto 0.

TPv6é_add: ifsetto true, the IP addressesat the session binding blocks are IPv6 compatible.

Flowspec_DSincluded: ifset to 1, indicates that the message includes a flowspecfield for the downstream.

Session_bindingDSincluded: ifset to 1, the message includes a session binding descriptionfor the
upstream.

Connection_ID: is a 32-bit field which identifies the connection for which changes are requested. If the value of
Connection_ID is zero, a new connectionis requested. If the connection ID is not zero, but the INA cannotattach a
connection to the connection ID, the connection was requested for a packet cable session, and the connection_ID is the
gate numberassociated with the connection.

Priority: | byte field. The value of the field defines the priority of the connection. Connections with low priority
field value can be reprovisioned in order to accommodate the requirements of connections with highpriority field.
Priority values will be given according to the followingtable. 

   
 
 

Application
Standard data flow applications 0-79
Applications with QoS requirements 80-200
High priority applications 201-255

Upstreamflow spec:

Priority values
 

  
  

The description of the upstream flow spec is done with three parameters:
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Frame_length: the numberof consecutive slots that are required for the maximum packetsize that will be sent
through the connection in the upstream.

Requested_Bandwidth: Gives the requested bandwidthfor fixed rate access for the connectionin slots/1 200 ms.

Maximum_DistanceBetween_Slots: Gives the requested maximum distance betweenassigned fixed rate
slots. If Requested_Bandwidth is zero, this field is ignored by the INA.

The INA MUSTcalculate the requested data rate and the allowed jitter in the following way:

The INA calculates the data rate by calculating the average_distance_between_slots, requested by the NIU. If the INA
allocates for the NIU the numberofslots defined by NIU_framelength, every averagedistance_between_slots, the
NIU will not experience anyjitter.

Average_distance_between_slots = (number_of_slots @ 1 200 ms x max_packet_size)/requested_bandwidth.

The jitter every packet delivered by the NIU cantolerate is:

Jitter = maximum_disance_between_slots - averagedistancebetween_slots

When the INA allocates the slots for the NIU, it MUST take into consideration the BW requested by the NIU andthe
maximum delay.

max_packet_size—l«——_——>

IiiT|TTTCTT,
average_distance_between_slots—+——______——-»|

max_packet_size—/e_-+
jitter—>

iti}TTTTTT,
| maximum_distance_between_slots le

  

Figure 41: Upstream Jitter Definition

Downstreamflow spec (see clause 5.5.5.1):

The downstream flow spec has three parameters:

Max_Packet_size: the size of the maximumpacket(bytes) that will be sent through the connectionin the
downstream. The packet size includes propriety protocols header, transport protocol (UDP/TCP) header, and the IP
header. The packet size does not include the Ethernet header.

Averagebitrate: the averagebit rate, in bytes/s.

Jitter the total jitter that downstream packets can experience.

Session binding information (see clause 5.5.5.1):

The upstream and downstream session binding blocks identify clients that are using the connection. The clients are
identified by their source and destination, the source and destination ports (if relevant), and the protocol.

In most cases, the downstream and upstream session binding will be identical:

(NIU client source IP address = INA client destination IP address,
NIU client source port = INA client destination port,
and necessarily upstream protocol = downstream protocol).

In this case, only the downstreamsession binding is sent.

ETSI EXHIBIT 2005



EXHIBIT 2005

90 ETSI ES 200 800 V1.3.1 (2001-10)

The message will contain a US session binding only if there is a difference in the INA and NIU source destination ports
and addresses:

(NIU client source IP address # INA client destination IP address,
NIU client source port # INA clientdestination port).

US_session_binding_control: the interpretation of the US session binding block depends on the value of
US_session_bindingcontrol field. The field acts as a bit map, indicating the existence of the different session binding
parameters. If the bit attached to the session binding parameter, is set to 1, then the parameter exists in the message. If
not, the session binding parameter doesnotexist. In case a bit indicating to a field that is not defined at the momentis
set to 1, the NIU MUSTtreat the filed as a 32-bit field long, and MAYignoreit.

The mapping betweenthe current session binding parameters and the US_session_binding_control field is described in
Table 2.
 

US_session_bindingcontrol bit number USsession bindingparameter
NIU_client_source_IP_add
NIU_client_destination_IP_add

NIU_client_source_port
NIU_client_destination_port
Upstream_transport_protocol
NIU_client_sourceMACadd
NIU_client_destination_MAC_add
Upstream_ethernet_protocol

Upstream_session_ld
10-31 Reserved

 
   
 
 COIN[DO]Ric)pml—=|o
 
  

IU_client_source_IP_add: the IP source address of the NIU client.

NIU_client_destination_IP_add: the IP destination address of the INAclient.

NIU_client_sourceport: the sourceport of the INAclient.

NIU_client_destination_port: the destinationport of the INA client.

Upstream_transportprotocol: the transport protocol used by the NIU client.
NIU_client_source_MAC_add: a 48-bit unsigned integerthat identifies the Ethernet MAC address of the NIU
client. NIU_client_destinationMACadd: a 48-bit unsigned integer that identifies the destination Ethernet
MACaddress of the NIU client. Upstream_ethernet_protocol: a 16-bit field, defining the internet protocol, as
described in the ethernet header.

Upstream_session_Id: a 32-bit field, describing the session_Id, as defined for PPPoE protocol.

 
DSsessionbindingcontrol: the interpretation of the DS session binding block depends on the value of
DS_session_bindingcontrol field. The field acts as a bit map, indicating the existence of the different session binding
parameters.If the bit attached to the session binding parameter, is set to 1, then the parameterexist. If not, the session
binding parameter does not exist. In case a bit indicating to a field that is not defined at the momentis set to 1, the NIU
MUSTtreat the filed as a 32-bit field long, and MAY ignoreit.

The mapping between the current session binding parameters and the DS_session_binding_control field is described in
Table 2.
 

DS session binding parameter
INA_client_source_IP_add
INA_client_destination_IP_add

INA_client_source_port
INA_client_destination_port
Downstream_transport_protocol
INA_client_sourceMAC_add
INA_client_destinationMAC_add
Downstream_ethernet_protocol
Downstream_session_ld

DS_session_binding_contr bit number   
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INA_client_source_IP_add: the IP source address of the INA client.

INAclientdestination_IP_add: the IP destination address of the INA client.
INA_client_source_port: the source port of the INA client. INA_client_destination_port: the
destination port of the INA client.

Downstream_transport_protocol: the transport protocol used by the INA client .

INA_client_sourceMACadd: a 48-bit unsigned integerthat identifies the Ethernet MAC address of the INA
client.

INA_client_destination_MAC_add: a 48-bit unsignedinteger that identifies the destination Ethernet MAC
address of the INA client.

Downstream_ethernet_protocol: a 16-bit field, defining the internet protocol, as described in the ethernet
header.

DownstreamsessionId: a 32-bit field, describing the session_Id, as defined for PPPoE protocol.

<MAC> Resource Request Denied Message (Singlecast Downstream)

The INA may respondto a resource request of the NIU with a <MAC> Resource Request Denied Message:

Table 35: Resource Request Denied Message Structure

Resource_Request_Denied_Message() { Bit Number/Description

Resource_Request_ID|8|1| 
ResourceRequest_IDis an 8-bit unsigned integer which identifies the resource request whichis denied.

5.5.6 Connection Release

This clause defines the MACsignalling requirements for connection release. Figure 42 displays the signalling flow for
releasing a connection. The NIU can request the release of a connection using the <MAC> Resource Request
Message.

1) The NIU may request the release of a connection using the <MAC> Resource Request Message, or the INA
itself can initiate the release process.

2) Upon receiving the <MAC> Release Message from the INA, the NIU shall tear down the upstream connection
established for the specified ConnectionID.

3) Upon teardownofthe upstream connection, the NIU shall send the <MAC> Release Response Message onthe
upstream channel previously assigned for that connection. If the Connection_ID is unknownbythe NIU,it shall
send zero in the response message. Ifthe Number_of_Connections in the Connection Release Messageis zero,
then the NIU shall release all open connections.

INA NIU/STB
<MACG> Resource

Request

<MAC> Release

Message

<MAC> Release

Response

 
Figure 42: Connection release signalling
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A moredetailed description of the connectionrelease process, including state diagrams and timeouts,is given in
clauses A.3 and A.5.

<MAC> Release Message (Singlecast Downstream)

The <MAC> Release Messageis sent from the INA to the NIU to terminate a previously established connection.

Table 36: Release Message Structure

Reeene|BecentionDescription

Heeeestormonaiee LepeepeeNSaag
—————
nD(O

  
  

 
    

Connection ID

Connection_ID is a 32-bit unsigned integer representing a global connection Identifier for the NIU Dynamic
Connection.

<MAC> Release Response (Upstream contention or reserved)

The <MAC> RELEASE RESPONSE MESSAGEis sent by the NIU to the INA to acknowledgethe release of a
connection. The format of the message is shownin the following Table.

Table 37: Release Response Messagestructure

Release_Response_Message(){

Connection_!ID
  

Connection ID

Connection_ID is a 32-bit unsigned integer representing the global connection Identifier used by the NIU forthis
connection.

5.5.7 Fixed Rate Access

Fixed rate access is provided by the INA using the <MAC> Connect Message. The INAis also allowedto assignslots
in fixed rate access to a connection in response to a<MAC> Reservation Request Message.

5.5.8 Contention Based Access

The NIU shall use contention based slots specified by the slot boundary definition fields (Rx) to transmit contention
based messages or payload (see clause 5.3.1.3). The format of contention based MAC messagesis described by the
MAC message format (see clause 5.5.2.7). The format for payload transmission is described inclause 6.
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Reservation Access

This clause defines the MAC signalling requirements for reservation access. Figure 43 displays the signalling flow for
reserving an access.

1)

2)

3)

3a)

3b)

4)

4a)

4b)

INA NIU/STB

Resource Request

<MAC> Reservation_ID
Assignment Message

< >

Response Message

<MAC> tvati
Request Message

<MAC> Reservation
ram Message

Figure 43: Reservation access signalling

The NIU canrequest a Reservation_ID using the <MAC> Resource Request Message.

The NIU shall wait fora <MAC> Reservation ID Assignment Message ftom the INA beforeit can
request reservation access and before it can send Piggy Back Reservation Requests.

At any time whenneededafter receiving the reservation ID, the NIU can request a certain numberofslots to
the INA using the <MAC> Reservation Request Message.

The INA shall respond to that message using the <MAC> Reservation Grant Message.

If the NIU has not received the <MAC> Reservation Grant Message before the
Grant_Protocol_Timeout,it shallsenda <MAC> Reservation Status Request to the INA.
This leads backto 3 or 4.

At any time when needed after receiving the reservation ID, the NIU can requestone of three prespecified
numberofslots (specified by the Piggy_Back_Request_Values, which are set in the
Reservation_ID_Assignment_Message) by setting the two MSBsofthe GFC contained in any Upstream ATM
cell owned by given connection - to the correct corresponding value (01, 10 or 11; 00 indicates no requested
Piggy Back reservation).

The INA shall respond to the Piggy Back request using the <MAC> Reservation Grant Message.

If the NIU has not received the <MAC> Reservation Grant Message before the
GrantProtocolTimeout,it shall senda <MAC> Reservation Status Request to the INA.
This leads back to 4 or 3.
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4c) It is allowed to use "Continuous Piggybacking": Using this mechanism the NIU requests the minimum number
slots possible (set of GFC_xx_Slots values) via a Piggybacking request in the last slot of an payload data
upstream transmission even if no further data is in the upstream queue of the NIU.Inthe grantedslot, an AALS
frame with zero length can be sent upstream if no payload datais available. In this slot again a piggybacking
request for the minimum possible numberof slots can beissued.Instead of using the piggybacking indication
with a zero payload AALS frame,it is also allowedto send a reservation request message in the upstream slot
with Reservation_Request_Slot_Count = 1. Short idle periods upto the length indicated in the Reservation ID
Assignment Message can therefore be bridged without the need for contention access at the time where the
next payload datais to be transferred. This improvesthe access delay, since the probability of collisions is
avoided. On the other hand, some bandwidth might be wasted. It is up to the INA to set the maximumtimefor
the bridging period (Continous_Piggy_Timeout in the ReservationIDAssignement_Messageorthe
Configuration_Message) by taking into account the tradeoff between throughput and access delay. A more
detailed description of the reservation process, including state diagrams and timeouts, is given in clauses A.4
and A.5.

<MAC>Reservation ID Assignment Message (Singlecast Downstream)

The <MAC> Reservation ID Assignment Messageis used to assign the NIU a Reservation_ID.In addition, the
Reservation_ID_assignment_message contains the three different reservation grant sizes used in the Piggy Back
procedure and the timeout for continuous piggybacking. The NIU identifies its entry in the Reservation_grant_message
by comparing the Reservation_ID assignedto it by the ReservationID_assignment_message and theentries in the
Reservation_Grant_message.

The formatof the message is given in Table 38.

Table 38: Reservation [ID assignment messagestructure

Bytes Bit Number/
Description

Connection_ID|32[|4[fo
|sd

LS
Reservation_ID

fn
Grant_protocol_timeout
Piggy_Back_Request_Values

Connection_ID is a 32-bit unsignedinteger representing a global connection identifier for the NIU Dynamic
Connection.

  Reservation_ID_Assignment_Message(){  
    

 
 

Continuous_Piggy_Back_Timeout
GFC_11_ Slots
GFC_10_Slots
GFC_01 Slois     
 

Connection ID

Reservation_ID

Reservation_IDis a 16-bit unsigned numberrepresenting an identifier for the connection. This is used as a short
identifier by the NIU to identify the appropriate ReservationGrant_Messages.

Grant_protocol_timeout

Grant_protocol_timeout isa 16-bit unsigned number representing the time in milliseconds that the NIU should
wait before verifying the status of pending grants. This parameter specifies the time that the NIU should wait after
receiving the last <MAC> Reservation_grant_message, with an entry addressedto the NIU,before initiating a
reservation status request. If the NIU has pending grants and the timeout occurs, it should send the
Reservation_status_request message to the INA. The INA will respond with the Reservationgrantmessage (probably
without granting any slots) to inform the NIU of any remainingslots left to be granted. This allows the NIU to correct
any problems should they exist such as issuing an additional request for slots or waiting patiently for additional grants.
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Piggy_Back_Request_Values

ContinuousPiggyBackTimeout isan 8-bit unsigned integer value representing the time period that can be
bridged using the Continuous Piggybacking mechanism. The unit of the value is 9 ms. The timeout value indicates how
long a NIU is allowed to request upstream slots with an empty payload data upstream queueafter the first continuous
piggybacking request was sent on the upstream channel. In orderto offer an improved transmission performance(if the
traffic characteristics are taken into account) a time period of up to 2,286 s can be bridged without using contention
slots. If the value is set to zero, Continuous Piggybacking is disabled. If the value is set to 255, the timeout period is
infinite.

GFC_11Slots isan8-bit unsigned value representing the numberof slots being requested if the NIU sets the two
MSBsofthe GFCto a value of 11.

GFC_10Slots isan 8-bit unsigned value representing the numberof slots being requested ifthe NIU sets the two
MSBsof the GFCto a value of 10.

GFC_01_Slots isan 8-bit unsigned value representing the numberofslots being requestedif the NIU sets the two
MSBsof the GFC to a value of 01.

<MAC>Reservation ID Response Message (Upstream contention or reserved)

The <MAC> Reservation ID Response Messageis used to acknowledge the receipt of the <MAC>
Reservation_ID_Assignment message.

The format of the message is given below.

Reservation_ID_Response_Message(){ Bit Number/Description
Connection_ID P32a
Reservation_ID P68
Pp Pe

 
 
  
   

Connection ID

Connection_ID is a 32-bit unsigned integer representing a global connectionidentifier for the NIU/STB Dynamic
Connection.

ReservationID

Reservation_ID isa 16-bit unsigned numberrepresenting an identifier for the connection. This is used as a short
identifier by the NIU/STB to identify the appropriate Reservation_Grant_Messages.

<MAC> Reservation Request Message (Upstream contention or reserved)

Table 39: Reservation Request Message structure

Reservation_Request_message (){ Bit Number/

16
Description 

This message is sent from the NIU to the INA.

ReservationID

ReservationID is a 16-bit unsigned numberrepresenting an identifier for the connection. This is used as a short
identifier by the NIU to identify the appropriate Reservation_Grant_Messages.

Reservation Request Slot Count

Reservation_request_slot_countis an 8-bit unsigned numberrepresenting the numberof slots requested by the NIU.
This is the number of sequential slots that will be allocated in the reservation region of the upstream channel. The INA
will respond with the Reservation_Grant message granting the request.
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<MAC>Reservation Grant Message (Broadcast Downstream)

The <MAC> RESERVATION GRANT MESSAGEisused to indicate to the NIU whichslots have beenallocated in

response to the Reservation Request message. The NIU identifies its entry in the Reservation_grant_message by
comparing the Reservation_ID assignedto it by the ReservationIDassignmentmessage andthe entries in the
Reservation_Grant_message.

The format of the messageis given in the following Table.

Table 40: Reservation Grant Message structure

Reservation_grant_message(){ i|BS Description
Reference_slot(|#6|2||
|NumbergrantsCTCB

Po
|(16)|(2)|

  
 

Bit Number/ 
    
  
 

for (I=0; I<Number_grants; [4){ a
Reservation_ID

Grant_Slot_count
Remaining_slot_count
Grant_slot_offset

Number_of_US_ Channels

Minislot_Control_Field
Upstream_Channel_Number
MS_Feedback_Included
MS_Allocation_Included
MS_16QAM_Enhancement_Included

 
 
  
  

 
  

   
 

  

 
 
 

 
 
  Reserved

if (MS_Feedback_Included || MS_Allocation_Included) { 

 
 

 
 

 
 
 
 
 

|

C(O
|__F(MS_FeedbackIncluded){
|____Number_of_FeedbacksTB)
|__for(t=0;l<NumberofFeedbacks;I+)fT
|FeedbackOffsetTB)
|FeedbackCollisionNumber.1|(8)Tt)
[|FeedbackCollisionNumber_2|(8)|(1)|
[|FeedbackCollisionNumber3|(8)|)
PO fd
PT pT
|_(MSAllocationincluded){ P|

 Entry_Field
Stack_Entry
Reserved om oS 
 

 

 
 
 

Enir preading

Number_of_Allocations
for(f=0;l<Number_of_Allocations; I++) {
 

Allocation_Offset (8)
Allocation_Collision Number (8)

 
 

 
 
 
 
 
 
 

 
 

PT
aee

if (MS_Feedback_Included)||(MS_allocation_included)) &&
(MS_16QAM_Enhancement_Included {

(8)

(8)

|
[|(8)

|__(8)__

|

|if (MS_allocation_Included) &&
(MS_16QAM_Enhancement_Included {
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Reservation_grant_message (){ Bits Bytes Bit Number/

-—resetipton—Number_of_Allocations afor(l=0;l<Number_ofAllocations; I++) {Allocation_Offset Ceee
Po

pf
po
pO
DDDOR

 
Reference_slot

Referenceslotis a 16-bit unsigned number indicating the reference point for the remaining parametersofthis
message. This represents a physical slot of the upstream channel. Since the upstream and downstreamslots are not
aligned, the INA shall send this message in a downstreamslot suchthat it is received by the NIU before the
Reference_slot exists on the upstream channel. Only 13 lowest significant bits shall be considered. 3 MSB are reserved
for future used.

Number_grants

Numbergrantsis an 8-bit unsigned number representing the numberofgrants contained within this message. This
can either correspond to grants for different NIUs,or to different connection_IDsfor the same NIU.

Reservation_ID

Reservation_IDis a 16-bit unsigned numberrepresenting an identifier for the connection. This is used as a short
identifier by the NIU to identify the appropriate Reservation_Grant_Messages.

Grant_slot_count

Grant_slot_count is a4-bit unsigned numberrepresenting the numberof sequential slots currently granted for
the upstream burst. A value of zero indicatesthat no slots are being granted. This would typically be the case in a
response to a Reservation_statusrequest message.

Uponreceipt of this message the NIU is assigned Grant_slot_count sequential slots in the region of the upstream
channel starting at the position indicated by the Reference_slot and Grant_slot_offset values (jumps are neededin the
case where the numberofslots granted exceeds the lengthofthis region).

Remaining_slot_count

Remainingslot_countisa 5-bit unsigned numberrepresenting the remaining slots to be granted by the INA
with subsequent grant messages. A value of Ox1f indicates that 31 or more slots will be made available in the future. A
value of 0x00 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 connection, The NIU should monitor this count to determineif
sufficient slots remainto satisfy current needs. Should additional slots be required because oflost grant messages or
additional demand, additional slots should be requested using the Reservation_request_message. Additional
Reservation_request_messages shall be sent only when the Remainingslot_countis less than 15. To minimize
contention on the upstream channel, the Reservation_request_message may be sent in one ofthe slots granted by the
Reservation_grant_message. The remaining slot count is calculated for cach grant in a Reservation Grant message.

Grant_slot_offset

Grant_slot_offsetis a 7-bit unsigned numberrepresenting the starting slot to be used for the upstream burst.
This numberis added to the Reference slot to determine the actual physicalslot.

Number_ofUS_Channels

Number_ofChannels is an 8-bit unsigned integer representing the number of Upstream channels in this message.

Minislot_Control_Field

Upstream_ChannelNumber is a 3-bit unsigned integer representing the upstream channel concerned bythis
iteration.
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MSFeedbackIncludedis a boolean that indicates that Minislot Feedback Sectionis included in the message.

MS_Allocation_Includedis a booleanthat indicates that Minislot Allocation Section is included in the message.

MS_16QAMEnhancement_Includedis a booleanthat indicates that for 16QAM upstream modulation the
minislot feature is used with two sets of 3 minislots eachthat are embedded in one 128 bytes upstream packet.

Minislot_Reference_Field

Minislot_ReferenceFieldisa 16-bit field of which the 13 LSBs represent the reference ATM slot number.

Number_ofFeedbacks

NumberofFeedbacksis an 8-bit unsigned integer representing the numberof three minislot feedback groups
included.

Feedback_Offset

FeedbackOffset is an 8-bit unsigned integer representing the offset of the group of three minislots in full slots.
This numberis added to the Minislot_ReferenceField to determine the actual physicalslot.

Feedback_Collision_Number_1

FeedbackCollision_Number_1is an 8-bit unsigned integer representing the first minislot collision
identification in the group of three minislots. The values OxFF and OxFErepresent for idle and successful transmission,
respectively. Other values are called CollisionNumberand are used to resolve contentions (see
Allocation_CollisionNumberfield).

Feedback_Collision_Number_2

FeedbackCollision_Number_2is an 8-bit unsigned integer representing the second minislot collision
identification in the group of three minislots. The values OxFF and OxFE representfor idle and successful transmission,
respectively. Other values are called Collision_Numberandare used to resolve contentions (see
Allocation_Collision_Numberfield). ,

Feedback_Collision_Number_3

Feedback_Collision_Number_3is an 8-bit unsigned integer representing the third minislot collision
identification in the group of three minislots. The values OxFF and OxFE representfor idle and successful transmission,
respectively. Other values are called CollisionNumber and are used to resolve contentions(see
Allecation_Collision_Numberfield).

EntryField

StackEntryis a boolean parameter. Whenit is set to 0, collision resolution is according to the tree algorithm (see
clause 5.5.4) and NIUs with new requests have to wait for mini-slots with the Allocation_Collision_Number equalto 0
to enter the request contention process. When Stack_Entry is set to one, NIUs with new requests can enter the request
contention process in any minislot (independentof the value of AllocationCollisionNumber). After entering inthis
way to the contention process, the collision resolution is identical to the tree mode. So, the difference between
Stack_Entry set to 0 or 1 is that in the latter case NIUs do not have to wait for minislots with
Allocation_CollisionNumber equal to 0 before they can start sending a new request in contention mode.

EntrySpreadingisa 14-bit unsigned integerthat is used to control the number of NIUs that enter the request
contention process in minislots. The NIU generates a random number between 0 and Entry_Spreading (the random
number generator in the NIU shall have a uniform distribution). If this numberfalls within the window from0to 2,then
the NIU contends for access in the corresponding minislot, otherwise it will not transmit a request but wait for the next
appropriate set of minislots and follow the same procedure again.

Number_ofAllocations

Number_of_Allocationsis an 8-bit unsigned integer representing the number of contention resolution allocations
included.

Allocation_Offset
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Allocation_Offsetis an 8-bit unsigned integer representing the offset of the group of three minislots in full slots
to be added to the Minislot_ReferenceField to determine the physical slot numberof the group of three minislots.

Allocation_Collision_Number

AllocationCollision_Numberis an 8-bit unsignedinteger associated with the group of three minislots. Only
NIUs having their CollisionNumberequal to Allocation_Collision_Numberare allowed to transmit in these minislots.

Number_ofFeedbacks

Number_of_Feedbacksis an 8-bit unsigned integer representing the numberofthree minislot feedback groups
included.

FeedbackOffset

FeedbackOffset is an 8-bit unsignedinteger representing the offset of the second groupofthree minislotsinfull
slots. This number is added to the Minislot_Reference_Field to determine the actual physicalslot.

Feedback_Collision_Number_4

Feedback_CollisionNumber_4is an 8-bit unsigned integer representing the fourth minislot collision
identification in the group of three minislots. The values OxFF and OxFErepresentfor idle and successful transmission,
respectively. Other valuesare called Collision_Numberand are used to resolve contentions (see
Allocation_Collision_Numberfield).

Feedback_Collision_Number_5

FeedbackCollision_Number_5is an 8-bit unsigned integer representing the fifth minislotcollision
identification in the group of three minislots. The values OxFF and OxFE represent for idle and successful transmission,
respectively. Other values are called CollisionNumberand are used to resolve contentions (see
Allocation_CollisionNumberfield).

Feedback_Collision_Number_6

FeedbackCollision_Number_6is an 8-bit unsigned integer representing the sixth minislot collision
identification in the group of three minislots. The values OxFF and OxFErepresentfor idle and successful transmission,
respectively. Other values are called Collision_Numberand are used to resolve contentions (see
AllocationCollisionNumberfield).

Number_ofAllocations

NumberofAllocationsis an 8-bit unsigned integer representing the numberof contentionresolution allocations
included.

AllocationOffset

AllocationOffsetis an 8-bit unsigned integer representing the offset of the second group of three minislots in
full slots to be added to the Minislot_ReferenceField to determinethe physical slot numberof the groupof three
minislots.

Allocation_Collision_Number_Set2

AllocationCollisionNumber_Set2is an 8-bit unsigned integer associated with the second group ofthree
minislots. Only NIUs having their CollisionNumber equal to Allocation_Collision_Number_Set2 are allowed to
transmit in these minislots.

<MAC> Reservation Status Request (Upstream contention or reserved)

The <MAC> RESERVATION STATUS REQUEST Messageis used to determinethe status of the outstanding grants
to be assigned by the INA. This message is only sent after the Grant protocol time-out is exceeded. The INA will
respond with the Reservation_grant_message (possibly without granting any slots) to inform the NIU of any remaining
slots left to be granted. This allows the NIU to correct any problems should they exist such as issuing an additional
requestfor slots or waiting patiently for additional grants.

The format of the message is given in Table 41.
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Table 41: Reservation status request message structure

Reservation_Status_RequestMessage (){ Bit Number/Description|Bits|
Reservation_ID

|8Td
Po

    

 

 
 Remaining _request_slot_count 1

 

Reservation_ID

Reservation_ID isa 16-bit unsigned numberrepresenting an identifier for the connection. This is used as a short
identifier by the NIU to identify the appropriate Reservation_Grant_Messages.

Remaining_request_slot_count

Remainingrequest_slot_countis an 8-bit unsigned numberrepresenting the numberofslots that the NIU is
expecting to be granted.

5.5.10 MAC Link Management

The MAC Link Managementtasks provide continuous monitoring and optimization of upstream resources. These
functionsinclude:

- Power and Timing Management;

- Fixed rate Allocation Management;

~ Channel! Error Management.

5.5.10.1 Power, Timing and Equalizer Management

The procedure shall provide continuous monitoring of upstream transmission from the NIU. The <MAC> Ranging and
Power Calibration Message is used to maintain a NIU within predefined thresholds of power and time, andto adjust
the pre equalizer coefficients.

The Upstream Burst Demodulator shall continuously monitor the upstream burst transmissions from an N{U. Upon
detection of an NIU outside the predefined range, the INA shall send the <MAC> Ranging and Power Calibration
Messageto the NIU.

The pre-equalizer coefficients should be typically updated only when the INA recognizesthat the channel response was
changed..

The NIU/STB upstream power accuracy shall be better than or equal to +1,5 dB. The NIU/STB powerresolution shall
be 0,5 dB nominally.

A detailed description of the recalibration process, including state diagrams and time outs, is given in clause A.6.

5.5.10.2 TDMAAllocation Management

To ensure optimum assignment of TDMAresources, the INA shall ensure the upstream allocation of TDMA resources
for various connections remain intact when allocating resources to a new connection, However,in the event that
reconfigurationis required to minimize fragmentation of resources, then the INA shall dynamically reconfigure the
upstream TDMAassignments to a NIU or group ofNIUs. The <MAC> Reprovision Messageis utilized to change
previously established connection parameters.

The NIU can request the change of some parameters of existing connections by use of the <MAC> Resource Request
Message, in which case the <MAC> Reprovision Message can be used by the INA to confirm the requested changes.

A detailed descriptionof the reprovisioning process, including state diagrams and time outs, is given in clauses A.5 and
ALT,

For a description of upstream and downstream frequency changes, see clause 5.5.2.2.
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<MAC>Reprovision Message (Singlecast Downstream)

The <MAC> REPROVISION MESSAGEis sent by the INA to the NIU to:

e Reassign upstream resources (maintaining the originally requested QoS parametersat the establishment ofthe
connection)

e Re-provision the NIU from one INA to another INA

e Re-provisioning the NIU within one INA

e Change connection parameters

Whenthis message is sent in order to change the QoS parameters of a connection,it should refer only to 1 connection
(since the new_frame_length parameterrefers to all the connections in the message).

Two levels of re-provision can be supported by the NIU; Basic and extended re-provision. Extended re-provisionis
provided for re-provision the NIU from one INAto another and/or change the connection parameters. The following
parameter groups are supported only by NIU that supports extended re-provision (according to its NIU_Capabilities):

@ Minimum Reservation Length

@ Maximum Contention Length

® New Connection parameters

@ New DS parameters

Source IVA NIU Destination IVA

Reprovision

Link Management response
Sign-On request

Sign-On resporise

Ranging and Power calibration
Gf needed)

Ranging and Power calibration
response

  
Initialization Complete

Reprovision,
(Changes of mania

contention and reserration
message length)

Link Management response

Reprovision
(Fixed rate no O08)

aLink Management response

  
 
  

 
 

 
Reprovision

(Ped rate using Qos}
Link Managetent response

Reservation ID assignment
. Gf needed)

Reservation ID response

Figure 44: Example MAC messageflow to re-provision a NIU from one INAto another INA
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Table 42: Reprovision Message structure

 
 
 

 

    
 
 
 

 
   
   

 
 

 
 

Reprovision_Message(){ Bytes Bit Number/
Description

Reprovision_Control_Field
Reprovision_Control_aux_field_included 4 7: {no, yes}
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_Cyclical_Assignment_Included 1 1: {no, yes}
New_Slot_List_Included 1 0: {no, yes

if (Reprovision_Control_Field &= |f
|NewDownstreamIB_FrequencyssS|)|SA)|SC~S™Y

EEEOr
if (Reprovision_Control_Field &=|NanBonnsteon,008Frogonoyt|||

(32) PT
DownStream_Type |)|@)[TT

|||
ee
|isd

 
 
 

 
  

 if (Reprovision_Control_Field &=
New_Upstream_Frequency_Included,
 

  

  

  
New_Upstream_Frequenc

New Upstream Parameters a  
  

  
 
 

New_Upstream_Channel Number
Reserved

Upstream_Rate
MAC_Fiag_Set
Upstream_Modulation

  
   
   

 
 

 

15...13
12...11
10...8: enum
7.8
2...0: enum

a|
if (Reprovision_Control_Field &=
New_Frame_Length_Includea){

New_FrameLength 9-0 : Unsigned
PT

Delete_Reservation_IDs){ Pf
Number_of_Connections (8) (1)|sCisdzC
for(i=0,i<Number_of_Connections;i++){ rsaee

Connection_ID (32)|@)[|

if (Reprovision_Control_Field &=||__(FkedRateAccess|
|NumberSlots_DefinedTTOPC™~SC
|fori0;i<NumberSlotsAssignedi4){[||dTOSCSC~S—~S™
poSlotNumber)
PS
pO

if (Reprovision_Control_Field &= Fixed Rate Access|naueteassurmontnauaoayy||aeese|
Le
Po
Lo

 

 

  
 
 
 

 
if (Reprovision_Control_Field &=
New_Slot_List_Iincluded||
New_Cyclical_Assignment_included||

 
  

 
 
 

 
 
 

 
   

  
 

 
  

 
   

 
if (Reprovision_Control_Field &= Control_aux_field_included){

Reprovision_Control_aux_field
|
|
om

|_____NewMaximumReservationLength(A

 
 
 
  

  New_Maximum_Contention_ Length
New_Connections Specified
New_DS_ Specified
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Description

[CPVaddCdtno,yes}
New_priority_included Pi|3s{noyes}

[SSSCNewDSflowspec_included2fnyes}
[—s=SNewUSsessionbindingincuded|tTtintyes}
[__NewDSsessionbindingincludedCTtTfnyes}
PO

if (Reprovision_Control_aux_Field &= new_priority_included)}{ aee
|_PriorftyC—<C—s~CSC~‘“‘—;~‘“<‘<;73PSCdi)
PT

if (Reprovision_Control_aux_Field & Poffnew_DS_flowspec_included)

} PO

if (Reprovision_Control_aux_Field &= ff
( B ield! {

|_US_sessionbindingcontrolSCZ)|)Pd
[_NiU_clientsourceIPaddCC‘“‘CS(C'’;«(32y):«CT(4)|
[_NlU_client_destinationIP_add(82)|)
[__NiUclientsourceportssCSC(4)ST)
|___NlU_client_destinationportC*8)|(2)PT

Upstream_transport_protoco!r)[|@[|
[_NlU_client_sourceMACadd(48)|)

(48)|(6)|
[__Upstream_ethernet_protocol=Ci)|)|

Upstream_session_Id Lt—CisiCO 
 

ew_DS_session_binding_included){||
DS_session_binding_control
INA_client_source_IP_add
INA_client_destination_IP_add
INA_client_source_port
INA_client_destination_port
Downstream_transport_protocol
INA_client_source_MAC_add
INA_client_destination_MAC_add
Downstream_ethernet_protocol
Downstream_session_Id

 

QeOo]>][BIG]S/S]Olpw No)BSLCOLL|Mi|NEN|b —nee|efreebeeree|e|if (Reprovision_Control_Aux_Field &= New_DS_Specified){
Reserved

New_DS_Modulation
New_DS_Symboi_Rate

 

_—~|—|—x|fle_—~ eeNINSee=
wy o/s

if (Reprovision_Control_Aux_Field &= New_Connections_Specified){

for(i = 0; i < Connections; i++){
Old_Connection_ID
New_Connection_ID

New_DSM-CCGMAC Ripsiala B[B[Slaipini(2 Lee
i
if (Reprovision_Control_Aux_Field &=
New_Maximum_Contention_Length){

afle,Pecmmm,eso,[en—— peePeJeeeJ—i
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Reprovision_Message(}{ Bytes Bit Number/
Description

Maximum_Contention_AccessMessageLength
Aa

Po
PT

if (Reprovision_Control_Aux_Field &=
New_Maximum_Reservation_Length){

    
  
 
 

  

Maximum_Reservation_Access_Message_Length  
Reprovision Control Field

Reprovision_Control_Field specifies what modifications to upstream resources are included.It consists of the
following subfields:

Reprovision_Control_aux_field_included: ifset to 1, indicates that the message includes an auxiliary
control field.

Delete_Reservation_IDs is a Booleanthat indicates that the NIU/STBshall delete all Reservation[Dsthat have
beenassigned to the Connection_IDscontained in this message.

New_Downstream_IB_Frequency isaboolean that indicates that anew downstream IB frequencyis specified in
the message.

New_Downstream_OOB_Frequency isa booleanthat indicates that a new downstream OOB frequencyis
specified in the message.

New_Upstream_FrequencyIncluded isa boolean that indicates that a new upstream frequency is specified in
the message.

New_Frame_Length_Included isa boolean that indicates that a new upstreamframeis specified in the message.
In the Reprovision Message the Frame_Length is a global value which applies to all connection_ID referred in this
message.

New_Cyclical_Assignment_Included isa booleanthat indicates that a new cyclical assignmentis specified
in the message.If the connection hasalready cyclic fixedrate slots ora slot list assigned, these slots are lost. Having
Cyclic Assignments and Slot List Assignments for the same Connect_IDat the same timeis not allowed.

New_Slot_List_Included isa booleanthat indicates that a newslotlist is specified in the message.If the
connectionhas already cyclic fixed rate slots or a slotlist assigned, these slots are lost. Having Cyclic Assignments and
Slot List Assignments for the same Connect_ID at the sametime is not allowed.

New Downstreain IB Frequency

New_Downstream_IB_Frequency is a 32-bit unsigned integer representing the reassigned downstream IBcarrier
center frequency. The unit of measure is Hertz.

New Downstream OOB Frequency

New_Downstream_OOB_Frequency isa 32-bit unsigned integer representing the reassigned downstream OOB
catrier center frequency. The unit of measure is Hertz.

DownStream Type

DownStream_Typeis an 8-bit enumerated type indicating the modulation format for the down stream connection.{
reserved, QPSK.1,544, QPSK_3,088, 3...255 reserved}

New Upstream Frequency

New_Upstream_Frequency is a 32-bit unsignedinteger representing the reassigned upstream carrier center
frequency. The unit of measure is Hertz.
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New Upstream Parameters

New_Upstream_Channel_Number is a 3-bit unsigned integer whichidentifies the new logical channel (denoted
by 'c') assigned to the NIU/STB.Refer to clause 5.3.2.1 for the use of this parameter.

Upstream_Rateis a 3-bit enumerated type indicating the upstream transmission grade for the upstream connection.
{ Upstream_A_AQ, Upstream_B_BQ, Upstream_C_CQ, Upstream_D_DQ,4...7 reserved}

MACFlagSet is a 5-bit field representing the first MAC Flag set assigned to the new logical channel. A
downstream channel contains informationfor eachof its associated upstream channel. This information is contained
within structures known as MAC Flag Sets represented by either 24-bits (denoted b0...b23) or by 3 bytes (denoted Rxa,
Rxb, Rxc). This information is uniquely assigned to a given upstream channel. Refer to clauses 5.3.1.3 and 5.3.2.1 for
the use of this parameter.

UpstreamModulation: 3-bit field enumerated type indicating the upstream channel modulation {QPSK,
16QAM,2...7 reserved}

New Frame Length

NewFrameLength isa 16-bit unsigned integer representing the size of the reassigned upstream Fixed rate based
frame. The unit of measure is in slots. New_Frame_Length is valid only for connect_IDsthat are contained in this
message.

Number ofSlots Defined

NumberSlotsDefined is an 8-bit unsigned integer that represents the numberof slot assignments contained in
the message. The unit of measureis slots.

Slot Number

SlotNumber is a 16-bit unsigned integer that represents the Fixed rate based Slot Numberassigned to the Network
Interface Unit. Only 13 lowest significant bits shall be considered. 3 MSBare reserved for future used.

Fixed rate Start

Fixedrate_Start - This 16-bit unsigned numberrepresentsthestarting slot within the fixed rate access region that
is assigned to the NIU. The NIU mayuse the next Frame_length slots of the fixed rate access regions. Only 13 lowest
significant bits shall be considered. 3 MSBare reserved forfuture used.

Fixed rate Distance

Fixedrate_Distance - This 16-bit unsigned numberrepresents the distance in slots between additionalslots
assigned to the NIU. The NIU is assignedall slots that are a multiple of Fixedrate_Distance from the
Fixedrate_Start_slot which do not exceed Fixedrate_End_slot. The NIU may use the next Frame_lengthslots ofthe
fixed rate access regions from eachofthese additionalslots.

Fixed rate End

 
Fixedrate_End - This 16-bit unsigned number indicates the last slot that may be used for fixed rate access. The
slots assigned to the NIU, as determined by using the Fixedrate_Start_slot, the FixedrateDistance and the
Frame_length, cannot exceed this number. Only 13 lowest significant bits shall be considered. 3 MSBare reserved for
future use.

Reprovision_Control_aux_field

Reserved: 7-bit field, must besetto 0.

New_Maximum_Reservation_Lengthis a Boolean that indicates a new maximumreservation access message
length specification is present in the message (part of extended re-provision capability).

New_Maximum_Contention_Lengthis a Boolean that indicates a new maximum contention access message
length specification is present in the message (part of extended re-provision capability).

New_Connections_Specified is a Boolean that indicates a connection mapping Table is present in the message
(part of extended re-provision capability).
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New_DSSpecified is a Boolean that indicates a new downstream specification is present in the message (part of
extended re-provision capability).

IPv6é_add: if set to I, the IP addresses at the session binding blocks are IPv6 compatible.

New_priority_included: ifset to 1, anewpriority is sent for the connection.

New_DS_flowspec_included: ifsetto 1, indicates that the message includes a new flow spec field for the
downstream,

New_US_session_bindingincluded: ifset to 1, the message includes a session binding descriptionfor the
upstream.

New_DS_sessionbindingincluded: ifset to 1, the message includes a session binding description for the
downstream.

Priority: 1 byte field. The value ofthe field defined the priority of the connection. Connections with low priority
field value can be reprovisioned in order to accommodate the requirements of connection with high priority field.
Priority values will be given according to the following Table. 

Application Priority values
Standard data flow applications 0-79

 
 

Applications with QoS requirements

High priority applications 201-255 
Downstreamflow spec (see clause 5.5.5.1):

The downstream flow spec has 3 parameters:

MaxPacket_size: the size of the maximum packet (bytes) that will be sent through the connection in the
downstream. The packet size will be calculated with the overhead created by layer 3 header and above. Meaning that
the packet size includes propriety protocols header, transport protocol (UDP/TCP) header, and the IP header. The
packet size does not include the Ethernet header.

Average_bitrate: the average bitrate, in bytes/s.

Jitter: the total jitter a downstream packet may experience.

Session binding information (see clause 5.5.5.1):

The upstream and downstream session binding blocks identify clients that are using the connection. The clients are
identified by their source and destination, the source and destination ports (if relevant), and the protocol.

In most cases, the downstream and upstream session binding will be identical:

(NIUclient source IP address = INA client destination IP address,
NIU client source port = INA client destination port,
and necessarily upstream protocol = downstreamprotocol).

In this case, only the downstream session bindingis sent.

The message will contain a US session binding onlyif there is a difference in the INA and NIU source destination ports
and addresses:

(NIU client source IP address INA client destination IP address,
NIU client source port # INA client destination port ).

US_sessionbindingcontrol: the interpretation of the US session binding block depends on the value of
US_session_bindingcontrol field. The field acts as a bit map, indicating the existence of the different session binding
parameters. If the bit attached to the session binding parameter, is set to 1, then the parameter exists in the message.If
not, the session binding parameter does not exist. In case a bit indicating to a field that is not defined at the momentis
set to 1, the NIU MUSTtreat the filed as a 32-bit field long, and MAY ignoreit.
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The mapping betweenthe current session binding parameters and the US_session_bindingcontrolfield is described in
Table 2.

US_session_binding_control bit number US session binding parameter
NIU_client_source_IP_add
NIU_client_destination_IP_add

NIU_client_source_port
NIU_client_destination_port
Upstream_transport_protocol
NIU_client_source_MAC_add
NIU_client_destination .MAC_add
Upstream_ethernet

|Upstream_session_ld
10-31 Reserved

 
 
     
 

  
 
  

 
 

 
 
 

  CO]NO]Or]Bco]Pojs)Oo
 

  
 

NIU_client_source_IP_add: the IP source address of the NIU client.

NIU_client_destination_IP_add: the IP destination address of the INA client.
NIU_client_sourceport: the source port of the INA client. NIU_client_destination_port: the
destination port of the INA client. Upstream_transport_protocol: the transport protocol used by the NIU
client (UDP/TCP). NIU_clientsourceMACadd: a 48-bit unsignedinteger that identifies the Ethernet MAC
address of the NIU client.

NIU_client_destination_MAC_add: a 48-bit unsigned integerthat identifies the destination Ethernet MAC
address of the NIU client.

Upstream_ethernet_protocol: a 16-bit field, defining the internet protocol, as described in the ethernet
header.

Upstream_session_Id: a 32-bit field, describing the session_Id, as defined for PPPoE protocol.

DS_session_binding_control1: the interpretation of the DS session binding block depends on the value of
DS_session_binding_control field. The field acts as a bit map, indicating the existence of the different session binding
parameters. If the bit attached to the session binding parameter,is set to 1, then the parameterexist. If not, the session
binding parameter does not exist. In case a bit indicating to a field that is not defined at the momentis set to 1, the NIU
MUSTtreat the filed as a 32-bit field long, and MAYignoreit.

The mapping betweenthe current session binding parameters and the DS_session_bindingcontrolfield is described in
Table 2.
 

DS_session_binding_contr bit number DS session binding parameter
0 INA_client_source IP add

 

 
  
      INA_client_destination_IP_ add

INA_client_source_port
INA_client_destination_port
Downstream, transport_protocol
INA_client_source_MAC_add
INA_client_destination_MAC_add
Downstream_ethernet_protocol
Downstream_session_Id

Reserved |

   
   

 

  
 

 
 
 

 
 

 
 

 

 
 

 

1
2
3
4
i)
6
7  
 

8 
 

 
 

INA_client_source_IP_add: the IP source address of the INA client.
INA_client_destination_IP_add: the IP destination address of the INAclient.
INA_client_source_port: the sourceport of the INA client. INA_clientdestinationport: the
destination port of the INA client. Downstream_transport_protocol: thetransportprotocol used by the INA
client (UDP/TCP). INA_client_sourceMACadd: a 48-bit unsignedintegerthat identifies the Ethernet MAC
address of the INAclient.

INA_client_destination_MAC_add: a 48-bit unsignedintegerthat identifies the destination Ethernet MAC
address of the INA client.
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Downstream_ethernet_protocol: a 16-bit field, defining the internet protocol, as described in the ethernet
header.

Downstream_session_Id:a 32-bitfield, describing the session_Id, as defined for PPPoE protocol.

New DS Modulation

New_DS_Modulationis a 4-bit enumerated type indicating the modulation format for the downstream connection.
{Reserved, QPSK, QAM8, QAM16, QAM32, QAM64, QAM128, QAM256,8...15 reserved}.

New DS Symbol Rate

New_DS_Symbol_Rateis a 32-bit unsigned integer representing the reassigned downstream symbolrate. The unit of
measure is symbols/s.

Connections

Connections isan 8-bit unsigned integer defining the number of connection mappings defined in the message.

Old Connection ID

Old_Connection_ID is a 32-bit unsigned integer defining the connection ID being redefined.

New Connection ID

New_Connection_ID 1s a 32-bit unsigned integer defining the connectionID to be usedonthe destination INA.

New PID

 
New_PID is a 16-bit unsigned integer defining MPEG programID. Onlythe 13 least significant bits are-valid, the three
most significant bits are reserved for future use and must be zero.

New_DSM-CC_MAC

New_DSM-CC_MACis a 6 bytefield defining the MAC address that the NIUshailfilter on in the DSM-CC headerfor
the connection. Shall be ignoredifset to 00:00:00:00:00:00.

New DS VC

New_DS_VC is a 24-bit unsigned integer defining the downstream VC. The upper 8-bit defines the ATM VPIand the
lower 16-bit defines the ATM VCI.

New US VC

New_US_VC is a 24-bit unsigned integer defining the upstream VC. The upper8-bit defines the ATM VPIand the
lower 16-bit defines the ATM VCI.

Maximum Contention Access Message Length

Maximum_Contention_Access_Message_Lengthis an 8-bit numberrepresenting the maximum length of a
message in ATM sized cells that may be transmitted using contention access. Any message greater than this should use
reservation access. The new maximum contention access message length applies to the specified connections.

Maximum Reservation Access Message Length

Maximum_Reservation_AccessMessage_Lengthis an 8-bit numberrepresenting the maximum length of a
message in ATMsized cells that may be transmitted using a single reservation access. Any message greater than this
shall be transmitted by making multiple reservation requests. The new maximum reservation access message length
applies to the specified connections.
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5.5.10.3 Channel Error Management

During periods of connection inactivity (no upstream <MAC> transmission by an NIU), the NIU shall enter an Idle
Mode.Idle modeis characterized by periodic transmission by the NIU of a<MAC> Idle Message. The Idle Mode
transmission shall occurat a periodic rate sufficient for the [NA to establish Upstream Packet Exror Ratestatistics. The
Idle Message shall be sent only when the NIU/STBhasat least one connection, after the <MAC> Connect Confirm
Messageis received.

A detailed description of idle message transmission, including state diagrams and time outs, is given in clause A.10.

<MAC>Idle Message (Upstream contention or reserved)

The <MAC> Idle Message is sent by the NIU within the STB to the INA at predefined intervals (between 1 and 10
minutes) when the NIU is in idle mode. However, the INA may disable sending Idle Messages by sending a value of
zero in the IdleInterval field contained in the <MAC> Default Configuration Message.

Table 43: Idle Message structure

Idie_Message(){

Idle_Sequence_Count|8|
[|8

|

 
  

 
 

Power_Contro|Setti ng

Idle Sequence Count

IdleSequenceCount isan 8-bit unsigned integer representing the count (modulo 256) of <MAC> IDLE
MESSAGEStransmitted while the NIU is Idle. It counts the number of transmitted Idle Messages since the last sign-on,
thusit starts counting at0.

Power Control Setting

PowerControlSetting is an 8-bit unsigned integer representing the actual power used by the NIU/STBfor
upstream transmission. The unit of measure is 0,5 dBLV.

5.5.10.4 Link Management Messages

<MAC> Transmission Control Message (Singlecast or Broadcast Downstream)

The <MAC> TRANSMISSION CONTROL MESSAGEis sent to the NIU from the INA to control several aspects of
the upstream transmission. This includes stopping upstreamtransmission, re-enabling transmission from a NIU or group
of NIUs' and rapidly changing the upstream frequency being used by a NIU or group ofNIUs'(see clause 5.5.2.2). To
identify a group ofNIUs' for switching frequencies, the <MAC> TRANSMISSION CONTROL MESSAGEissentin
broadcast mode with the Old_Downstream_IB_Frequency or Old_Downstream_OOB_Frequency
included in the message. When broadcast with the
OldDownstream_IB_Frequency/OQld_Downstream_OOB_Frequency, the NIU shall compareits current
frequency value to Old_Downstream_IB_Frequency/Old_Downstream_OOB_Frequency. When equal,
the NIU shall switch to the new frequency specified in the message. When unequal, the NIU shall ignore the new
frequency and remain onits current channel.

It is possible to give both a new downstream and a new upstream frequency in one message. In this case, every NIU
takes into account only the new frequencies, for which the old frequencyfield matches.

A detailed description of the transmission control process, including state diagrams andtime outs, is given in
clause A.8.
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Table 44: Transmission Control Message structure

Bits  
 
 

Transmission_Control_Message(){  Bytes 

  
 
 

Description

7

6: {no, yes}

5: {no, yes}
4: {no, yes}
3: {no, yes}
2: {no, yes}
1: {no, yes}

Transmission_Control_Field
Reserved

Change_Timeouts

Switch_Downstream_IB_Frequency
Stop_Upstream_Transmission
Start_Upstream_Transmission
Old_Frequency_Included
Switch_Downstream_OOB_Frequency
Switch_Upstream_Frequency

if (Transmission_Contro{_Field &=
Switch_Upstrearm_Frequency &&
Ofd_Frequency_Included){

Old_Upstream_Frequency
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 }
if (Transmission_Control_Field &=
Switch _Upstream_Frequency)f{

New_Upstream_Frequency (32) eet| we 

 
  

 

New_Upstream_Channel_Number (3)
Reserved (2)
Upstream_Rate (3) 
 

 
(1)

 
 

MAC_Flag_Set
Upstream_Modulation 

 
  

i

if (Transmission_Control_Field &=
Switch_Downstream_OOB_Frequency &&
Old_Frequency_Included){
Oid_Downstream__OOB_Frequency

 

  

 
 
 

 

if (Transmission_Control_Field &=
Switch_Downstream_OOB_Frequency){
New_Downstream_OOB_Frequency

Downstream_Type

— —

 
ataud—~as

_~ —_st
 

if (Transmission_Control_Field &=
Switch_Downstream_IB_Frequency &&
Old_Frequency_Included){
Old_Downstream__1B_Frequency
}
if (Transmission_Control_Field &=
Switch _Downstream_IB_Frequency){

 
 

resBo
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nN=
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New_Downstream_IB_Frequency (32)|ss—sisSzY
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if (Transmission_Control_Field &=Change_Timeauts){PF|fe
|Number_of_Timeouts—“<«é*dT:C‘<(“WSY’SCOSSCQ)OT™~—SSCSY
[for(I=0;!<NumberofTimeouts){dTTCTC~SY

Code
Value
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Transmission Control Field

TransmissionControlField specifies the control being asserted on the upstream channel:

ChangeTimeouts isa boolean whenset indicates that timeout codes and values are included in the message.
These timeouts are to be taken into account by the NIU in any case, even if the parameters Old_Upstream_Frequency,
Old_Downstream_IBFrequency or Old_Downstream_OOB_Frequency do not match.

SwitchDownstream_IBFrequency isa boolean whenset indicates that a new downstreamIB frequency is
included in the message.

StopUpstreamTransmission isa boolean whenset indicates that the NIU should enter the "stopped"state
without sending a LinkManagement_ResponseMessage, Whilst in the "stopped"state, the NIU ignoresall
downstream <MAC> messages except Transmission_Control_Messages and
RangingandPowerCalibrationMessages. Transmission_Control_Messagesare processed, but no
LinkManagementResponseMessagesare sent. RangingandPower_Calibration_Messages are processed and
RangingandPowerCalibrationResponseMessagesarestill sent.

Start_Upstream_Transmission is a boolean when set indicates that the NetworkInterface Unit, if it is in
"stopped" state currently, should re-enter, or attempt to re-enter (in the case of having received an
InitializationCompleteMessage containing a non-zero Completion_Status_Field) the "running" state by signing on
and resuming transmission on its upstream channel.

Old_FrequencyIncluded is a boolean whensetindicates that the Old Frequencyvalue is included in the message and
should be used to determine if a switch in frequency is necessary.

Switch_Downstream_OOBFrequency isa boolean whenset indicates that a new downstream OOB frequency
is included in the message.

SwitchUpstreamFrequency isa boolean whenset indicates that a new upstream frequency is included in the
message. Typically, the switch_upstream_frequencyand the stop_upstream_transmission are set
simultaneously to allow the NIU to stop transmission and change channel. This would be followed by the <MAC>
TRANSMISSION CONTROL MESSAGEwith the start_upstream_transmission bit set.

Old Upstream Frequency

Old_Upstream_Frequency is a 32-bit unsigned integer representing the frequency that should be used by the
NIU to compare withits current frequency to determine if a change in channel is required.

New Upstream Frequency

NewUpstreamFrequency is a 32-bit unsigned integer representing the reassigned upstream carrier center
frequency. The unit of measure is Hertz.

NewUpstreamChannelNumberis a 3-bit unsigned integer whichidentifies the new logical channel (denoted
by 'c') assigned to the NIU/STB.Refer to clause 5.3.2.1 for the use of this parameter.

Upstream_Rateis a 3-bit enumeratedtype indicating the upstream transmissiongrade for the upstream connection.
{ Upstream_AAQ, Upstream_B_BQ, Upstream_C_CQ, Upstream_D_DQ,4...7 reserved}

MACFlagSetisa 5-bit field representing the first MAC Flag set assigned to the logical channel. A downstream
channel contains informationfor each ofits associated upstream channel. This informationis contained within
structures known as MAC Flag Sets represented byeither 24-bits (denoted b0...b23) or by 3 bytes (denoted Rxa, Rxb,
Rxc). This information is uniquely assigned to a given upstream channel. Refer to clauses 5.3.1.3 and 5.3.2.1 for the use
of this parameter.

UpstreamModulation: 3-bit field enumerated type indicating the upstream channel modulation {QPSK,
16QAM,2...7 reserved}

Old Downstream OOB Frequency

Old_Downstream_OOBFrequency is a 32-bit unsigned integer representing the frequency that should be used
by the NIU to compare with its current frequency to determine if a change in channel is required.
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New Downstream OOB Frequency

New_Downstream_OOB_Frequency is a 32-bit unsigned integer representing the reassigned downstream OOB
carrier centre frequency. The unit of measure is Hertz.

DownStream_Typeis an 8-bit enumerated type indicating the modulation format for the down stream connection.
{reserved, QPSK_1,544, QPSK_3,088, 3...255 reserved}

Old Downstream IB Frequency

O1d_Downstream_IB_Frequency is a 32-bit unsigned integer representing the frequencythat should be used by
the NIU to compare withits current frequency to determineif a change in channelis required.

New Downstream IB Frequency

New_Downstream_IBFrequency is a 32-bit unsigned integer representing the reassigned downstream IB carrier
centre frequency. The unit of measure is Hertz.

Number_of_Timeouts

Number_of_Timeouts is an 8-bit unsigned integer which identifies the number of timeout codes and values
included in the message,

Cede

Codeis a 4-bit unsigned integer which identifies the timeout or group of timeouts (according to Table 21, Table 22 and
Table 51) for which the following valueis given.

Value

Valueis a 4-bit unsigned integer which gives the valuefor the timeout or group of timeouts identified by the
preceding code according to Table 21, Table 22 and Table 51 (if specified).

<MAC> Link Management Response Message (Upstream contention or reserved)

The <MAC> LINK MANAGEMENT RESPONSE MESSAGEis sent by the NIU to the INA to indicate the reception
and the completion of processing of the previously sent Reprovision or singlecast Transmission Control Message. The
<MAC>LinkManagement_Response_Messageis notsent in the following two cases:

- imresponse to a broadcast TransmissionControl_Message;

- after reception of a Transmission Control Message with Start bit set whilst in the ERRORSTOPPEDstate, see
clause A.1.

The format of the message is shownin Table 45.

Table 45: Link Management Response Message structure

Link_Management_Response_Message(){ Bit Number/Description
Link_Management_Msg_Number|16|2|   

 

  

 
  

   

Link Management Message Number

LinkManagement_MsgNumber is a 16-bit unsigned integer representing the previously received Reprovision or
Transmission Control Message. The valid values for LinkManagement_MsgNumberare shownin Table 46.

Table 46: Link Management Message Number

Link_Management_Msg_Number
Transmission Control Message Transmission Control Message Type Value

Reprovision Message Type Value
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<MAC>Status Request Message (Downstream Singlecast)

The STATUS REQUEST messageis sent by the INA to the NIU to retrieve information about the NIUs' health,
connection information and error states. The INA can requesteitherthe address parameters, error information,
connection parameters or physical layer parameters from the NIU. The INA can only request one parametertype at a
time to a particular NIU.

A detailed description of the status request process, including state diagrams and time outs, is given in clause A.9,

Table 47: Status Request Messagestructure

Status_Request(){ Bit Number/Description
Status_Control_Field

Status_Type 0...7:{enum type}
  

Status Control Field

Status_Typeis an 8-bit enumerated type that indicates the status information the NIU should return

enum Status_Type {Address_Params, Error_Params, Connection_Params,
Physical_Layer_Params, reserved 4...255}; 

<MAC>Status Response Message (Upstream contention or reserved)

The <MAC> STATUS RESPONSE MESSAGEis sent by the NIU in response to the <MAC> STATUS REQUEST
MESSAGEissued by the INA. The contents of the information providedin this message will vary depending on the
request made by the INA andthe state of the NIU. The messageshall be dissociated into separate messagesif the
resulting length of the message exceeds 40 bytes, even if fragmentation of <MAC> messages is supported.

Table 48: Status Response Message Structure

Description
NIU_Status

Reserved

Network_Address_Registered
Connection_Established
Calibration_Operation,Complete

Response_Fields_Included
Reserved

Address_Params_Included
Error_Information_Included

connectionParamsIncludedr_Params_ IncludedLa

if Resoie<roaded &=
Address_Params_Included){

NSAP_Address (160)
MAC_Address (48)

PO
if (Response_Fields_Included &=
Error_Information_included){

Number_Error_Codes_Included

for(i=0;i<Number_Error_Codes_Included;
i++

Error_Param_code
Error_Param_Value
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eenpeeaDescription

eetffConnection_Params_Included,

|_______—Number_ofConnections|(8)
LTfor(i=0;i<Number_of_Connections;i++){ | L

Connection_ID a2)|4|
aPo

PT
if (Response_Fields_included &=|phystartayePaameteen,|||
|PowerControlSetting8)Tt)

Reserved

Time_Offset_Value
Upstream_Frequenc 32 4

SNR_Estimated A
Power_Level_Estimated Ee

aaee

  

  
  
  

 
 

 

 
  

  
 
  

NIU Status

NIU_Status isa 32-bit unsigned integer that indicates the current state of the NIU.  

NIUStatus NIU Status Code
Calibration_Operation_Complete
Connection_Established

Network_Address_ Registered (reserved
 

The state Calibration_Operation_Complete is reached after an Initialization Complete Message with status zero. The
ConnectionEstablished state indicates that the NIU has received a Connect Message indicating a connection which has
not been released yet.

Response Fields Included

Response_FieldsIncluded is an 8-bit unsigned integer that indicates what parameters are contained in the
upstream status response.

NSAP Address

NSAPAddress is a 20 byte address assigned to the NIU.

MAC Address

MACAddress isa 6 byte address assigned to the NIU.

Number ofError Codes Included

NumberErrorCodesIncludedis an 8-bit unsigned integer that indicates the numberoferror codes are
contained in the response.

Error Parameter Code

ErrorParameterCodeis an 8-bit unsigned integers representing the type of error reported by the NIU.
ErrorParameterCodes not supported by the NIU are notsent.
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Table 49: Error Parameter Code

SL-ESF_Frame_Count

 

 
  
  

  
  

 

 
 
 

 
 
  

ReservedForCompatibilityis reserved for compatibility with ETS 300 800 [24].

Slot_Configuration_CRC_Error_Countrefers to the number oferrors in Slot_Configuration_Count R bytes,
as found by the CRC decoder.

ReedSolomonErrorCountrefers the numberof errors as corrected by the Reed_Solomon decoder.

ATMPacket_LossCountrefers to the numberof received ATM cells that were lost, either due to unrecoverable
Reed-Solomonerrors or because of an erroneous HEC of the ATM cells header.

Slot_Configuration_Count refers to the number of R-byte sets (Rxa-Rxc) used to calculate
Slot_Configuration_CRC_Error_Count. This parameter is included so that NIUs can either measure only
the errors in the R-bytesetit is allocated to, or measure the errorsin all R-byte sets.

SL-ESF_CRC_Error_Countrefers to the number of CRC errors found in consecutive C1-C6.

ReedSolomon_ErrorsCorrectable refers to MPEG frames received with correctable Reed Solomon Errors
(IB only).

Reed_SolomonErrorsNonCorrectable refers to MPEG frames received with non-correctable Reed
SolomonErrors (IB only).

SL-ESF_Frame_Countrefers to the numberofframesthestatistics in this message apply on.

Error Parameter Value

ErrorParameterValueisa 16-bit unsigned integer representing error counts detected by the NIU. These values
are set to 0 after they are transmitted to the INA. If the counter reaches its maximum value, it stops counting. The
counter resumes counting afterit is set to 0.

Number ofConnections

Number_ofConnections is an8-bit unsigned integerthat indicates the number of connections that are specified
in the response. Specifically, if the number of connections is too large to have a MAC message withless than 40 bytes,
it is possible to send separate messages with only the numberof connectionsindicated im each message.

ConnectionID

Connection_ID isa 32-bit unsigned integer representing the global connection Identifier used by the NIU forthis
connection.

Power Control Setting

PowerControlSetting is an 8-bit unsigned integer representing the actual power used by the NIU/STB for
upstream transmission. The unit of measure is 0,5 dBuV.
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Time Offset Value

Time_Offset_Value isa 16-bit short integer representinga relative offset of the upstream transmissiontiming
(relative compared to the Absolute_Time_Offset givenin the Default Configuration Message). A negative value
indicates an adjustment forwardin time. A positive value indicates an adjustment backin time. The unit of measureis
100 ns.

Upstream Frequency

UpstreamFrequency is a 32-bit unsigned integer representing the channel assigned to the connections. The unit
of measure is in Hertz.

Downstream Frequencies

OOB_Downstream_Frequency is a 32-bit unsigned integer representing the Frequency where the connections on
Out Of Band channel resides. The unit of measure is in Hertz. When notsignificantfield, this field is set to 0.

IB_Downstream_Frequency is a 32-bit unsigned integer representing the Frequency where the connections on In
Band channel resides. The unit of measureis in Hertz. When not significantfield, this field is sct to 0.

SNR_Estimatedis an 8-bit unsigned integer specifying the NIU estimated signal to noise ratio of the downstream
carrying MAC messages. The unit is dB x 2. If the NIUis not able to estimate the value, the value zero (0) is used.

Power_Level_Estimatedis an 8-bit unsigned integer specifying the NIU estimated powerlevel of the
downstream carrying MAC messages. The unit is dBuV x 2. If the NIU is notable to estimate the value, the value zero
(0) is used.

5.6 Minislots

5.6.1 Carrying Minislots

Minislots may only be used to send <MAC> Reservation_Request messages. Only contention access is allowed for
minislots.

Minislots can be utilized in both in-band signalled and out-of-band signalled systems. The in-band signalling uses the
same control fields as the out-of-band signalling inside the MAC flags, and the MAC messagesare the samefor both
in-band and out-of-band signalling case. The phrase minislot refers to a physical frame structure ofthe upstream
channel. The 64 byte (QPSK modulation) respectively 128 byte (16QAM modulation) upstream bursts are called
upstream packets.

5.6.2 Minislot framing structure

In case minislots are used, the upstream slot structure is sub-divided into three (QPSK) respectively six (16QAM)21
byte long mini-slots. Each of these minislots can be sent by different user terminals. The upstream channel can support
a mixture offull slots and minislots. The format of the minislot is showninthe following Figures.

For QPSKit contains a 4 byte Unique Word (the minislot UW and the full slot UW will differ to enable simple
decoding ofthe full slots and the minislots by the PHY), a 14 byte payload +2 bytes RS field and a single byte guard
band.
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 ATM Slot Structure

«2 ——
bytes

  
 

Figure 45: Minislot Framing Structure for QPSK

Forthe structure of the minislot itself see clause 5.5.2.6,

For 16QAM it contains an 8 byte Unique Word (the minislot UW andthe full slot UW will differ to enable simple
decodingofthe full slots and the minislots by the PHY), a 9 bytes payload+2 bytes RSfield, and a 2 byte guard band.

128 Bytes

Upstream Slot
21 Byt 21 Bytes 21 Bytes 21 Bytes 21 Bytes 21Bytes 2B

ytes y' yt y y' y eS

 

 

 Minislot 1|Minislot 2|Minislot 3|Minislot4|Minislot 5|Minislot 6

ee "

_8Bytes 9 Bytes 2 Bytés~2Bytes

Unique Word Payload Band 
\

6 Bytes 3 Bytes<¢—$_$____——->,

MAC Address eeCount

Figure 46: Minislot Framing Structure for 16QAM

5.6.3 Contention resolution for minislots

Minislots may carry the Reservation Request MAC message. The messageis sent in a contention based minislot. In the
case of collision, the resolution is carried out according to a INA controlled ternary splitting algorithm (see Figure 47).
All necessary information is transmitted in the minislot feedback and minislot allocationsections of the
Reservation_Grant_Message.

If Stack_Entry is not set a NIU may enter the contention process only when the Allocation_Collision_Numberis equal
to zero. If StackEntry is set, the NIU may enter the contention resolution in any of the contention based minislots,
independentof the value of Allocation_CollisionNumber. In both cases the random numberfor the minislot selection
in the range between 0 and EntrySpreading shall be in the window from 0 to 2 before sending the request.

The Feedback_Collision_Number equals to OxFF and OxFE for idle and successful transmission, respectively. All other
values of the CollisionNumber are numbered ascollisions and used to select the retransmission minislots: the NIU
shall retransmit in a minislot having an Allocation_Collision_Number equal to Collision_Number

Theretransmissionof the collided request takes place in a minislot that is randomly selected among the group ofthree
minislots with the corresponding Allocation_Collision_Number.
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fromreservation state diagram
E4 (sendreservation request)

 
 

Feedback_Collision_Number =0xFF
(error: empty slot)

FeedbackCollisionNumber
=0xFE

(successful transmission)

exit

Figure 47: Ternary Splitting Algorithm

5.7 Header Suppression

The header suppression algorithm is based onthe fact that for an IP session, most of the header fields are fixed. So,if
we can determine in advance whichfields will have a fixed value, we can save this fixed information on both sides of
the link as reference, We will relate an IP packet to a session, and will only need to send the header changingfields. On
the other side of the link, we will assign the packet to a session, and reconstruct the packet using the reference
information.

5.7.1 The Suppression Scheme

Figure 48 presents the suppression scheme in the upstreamdirection.

  

 

NIU INA

link layer link layer
IP packet (MAC) I, (MAC)

recognizer i— compressor }-—> recognizer recognizer [> decompressorand marker and marker             
Figure 48: Suppression Scheme

The scheme in the downstreamis identical to that in the upstream (compressoris located at the INA, decompressorat
the NIU).

The suppression scheme includes two types ofblocks:

* Blocks that are responsible for the suppression implementation. These are the compressor and the decompressor
blocks, and their implementation is described in clause 5.7.2.
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e Blocks that are intended to supply supporting services to the compressor and decompressor:

1. IP recognizer: responsible for classifying the IP packets as either packets that should be suppressed or other
IP packets.

2. Link layer recognizer and marker: this block will be responsible for classifying the decompressor input
packets. It should identify the suppressed packets, according to the suppression header.

3, MAC

The MACshould guaranty the following functions:

¢ Negotiate the suppression direction (upstream/downstream/upstream and downstream) and mask(see
clause 5.7.3).

e® Deliver the value of the suppressed fields.
Packets (suppressed or not) will be sent through the appropriate connection.

5.7.2 Suppression Algorithm

The scheme abides by the following guidelines:

® A session is defined according to the IP source/destination addresses, and the
source/destination port. Every sessionis identified by a context ID.

° A suppression mask is used for defining the fixed fields. Since the fixedfields change
according to the protocols used with the IP layer, the mask will change according to the application.

The maskis interpreted according to the following rules:

° The maskis always 103-bits long.

e A bit in the maskacts as a flag for a headerbyte: if the maskbitis 0, the header matching
byte is fixed, and should be suppressed.

° Thebit/byte matching is according to the sending order.

® For DVB encapsulations, the matching will be as follows:

- Direct IP encapsulation: the mask MSB matches the first IP header byte.

- Ethernet MAC Bridging: the mask MSB matchesthe first LLC/SNAP header byte.

° Every set of fixed fields value, has a generation number.If the valueof fixed fields changes,
the generation numberalso changes.

The suppression is performedin the following manner:

® Before sending suppressed packets, the suppressing entity (INA/NIU) MUSTsend a <MAC>
suppression data message. The message defines if suppressionis performedin this direction, and whatis the
suppression mask. The message also contains the valueofthe fixed fields that are being suppressed, the session
context ID, and the generation number associated with the fixed fields value.

® After sending the message, the suppressing entity can start sending suppressed packets.
When a suppressed packet is received at the decompressor, it is identified and associated to a session according
to the suppression header (using the context ID number). The decompressor checks that the packet generation
number equals the saved fixed fields’ generation number(as sent by the <MAC> message).
Ifthe generation numbers are not equal - the fixed fields value knownto the decompressoris not updated, and
the packet cannot be reconstructed.
If the numbersare equal, the fixed fields are added to the packet, and the packet is reconstructed.

2 The decompressing entity MUST send a <MAC> suppression acknowledgment message
within T,= 100 ms. The message acknowledges the receiving entity ability to reconstruct the suppressed
packets.
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° Ifa <MAC> suppression acknowledgment message wasnot received within T,,,, the
suppressing entity MUST send another <MAC> suppression data message.

° Ifa <MAC> suppression acknowledgment message wasnot sent after T,,., =1 s period, the
suppressing entity MUSTstop sending suppressed packets. The data SHOULDbesent througha different
connection.

5.7.3 Negotiation of the Suppression Scheme

There are three options for suppression scheme: upstream suppression, downstream suppression, and full duplex
(upstream and downstream) suppression .For every direction (upstream/downstream),the decision whether to suppress
or not and according to what mask, is negotiated independently. The INA and the NIU negotiate through the <MAC>
suppression data and <MAC> suppression acknowledgment messages.

 

INA NIU

<MAC> suppression data message

<MAC> suppression acknowledgment message upstream

<MAC> suppression acknowledgment message

<MAC> suppression data message ——-——_»
downstream

<MAC> suppression acknowledgment message
    
 

Figure 49: Suppression Negotiation

e Upstream:

The NIU sends a proposed mask and set the suppression flag to true through the <MAC> suppression data

message. The INA either accept (sends the same mask and flag) or sends a subset suggestion (either with a new

mask and the suppression flag set to true, or the same mask and the suppression flagset to false) through the

<MAC>suppression acknowledgment message.

If the INA changes the mask, the NIU can reply with another <MAC> suppression acknowledgment message,

with the suppression flag set to false.

¢ Downstream:

The INA sends a proposed mask and set the suppression flag to true. The NIU either accept (sends the same

maskand flag) or refuse the suppression by sending a <MAC> suppression acknowledgment message with the

suppressionflag set to false.

° Full duplex:
In full duplex suppression beth downstream and upstream scenarios MUSTbeperformed: the negotiation and
initialization of suppressionin the upstreamis independentof the negotiation and initialization of the
suppression in the downstream. The INA will send <MAC> suppression data message for the downstream
direction, and will receive a <MAC> suppression data message for the upstream direction. The NIU will send
<MAC> suppression data message for the upstream direction, and will receive a <MAC> suppression data
message for the downstream direction.
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5.7.4 Suppression Header
 

 
suppression “ 58 byte -

header(2 byte)

header payload trailer
5 byte (38 byte) (8 byte)    

 

  packettype generation 1 context ID 0     
 

4 3 bit bt 4 bit > 4 7 bit >

NS a
MSB LSB

byte byte

Figure 50: Suppression Header

The suppression header will be added to all suppressed packets, Figure 50 describes the structure ofan ATM cell that
carries a suppressed packet. The suppression headeris located right after the ATM header.

For Ethernet MAC bridging: the suppression for US, and OOB DSis done during ALLS encapsulation - after adding
the LLC/SNAP headerand before thetrailer is added. The suppression for IB DS is done during DSM-CC
encapsulation: after adding the LLC/SNAP header and before CRC is added.

The header consist of three fields:

Packet type: 3 bit. Define the packet as created by the compressor.

Packet type
[Suppressed packet
Reserved
Not to be used

 

 

    
Generation:4 bit. The session current generation number(see clause 5.7.1).

Context ID: 7 bit. An identifier for the session (see clause 5.7.1).

5.7.5 Header Suppression <MAC> Messages

5.7.5.1 <MAG> Suppression Data Message

The message is sent by the suppressioninitiator. It is used for negotiating the suppression mask and scheme, and for
passing the fixed fields value. In case of upstream suppression, the NIU sends the message to the INA. In case of
downstream suppression, the INA sends a single cast messageto the relevant NIU.

If needed, the message should be fragmented.
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Suppression_Data_Message(){ Bits Bytes {Bit Number/
Description

Connection ID 32 4
Context ID 8 1 LSBbit is ignored

Suppression controlfield 8 1
Reserved 5 Must be set to 0

direction 1 2{US,DS
Suppression. scheme_included 1 1: {no, yes
Header_fields_included 1 0: {no, yes}

if (suppression_contro!_field&=suppression_sche_included,
Suppression scheme 1 13

Suppression mask 103

Suppression flag 1 103: {no, yes

if (suppression_control_field &=header_field _included){
Generation number 8 1 4 MSBbits are

ignored

Headerlength 8 1
Headerfields Up to 103 bytes 

  

Connection ID: 4 byte field, the connection ID that suppressed packets are sent through.

Context ID: 7-bit field. context ID is an identifier for the session (see clause 5.7.2). the suppression scheme header
fields and generation numberrelates to suppressed packets that are sent through the connectionID andhas that context
ID in the suppression header.

Suppression control field: 8-bit control field.

Direction: if set to US, the message establishes suppression in the US.If set to DS, the message establishes suppression
in the DS.

Suppression_mask_included: a Boolean, indicating whether the message includes a suppression maskandflag.

Header_fieldincluded: a Boolean, indicating whether the message includes a value for the fixedfields.

Suppression scheme: 13 byte field.

Suppression mask: 103 bits, indicating what bytes of the headerfields are suppressed. If the maskbit is 0, the matching
header byte is suppressed (see clause 5.7.2).

Suppression flag: a Boolean.If set to true a suppression is performed.

Generation number: The generation numberthat is attached to the headerfields value.

Headerlength: The numberofbytes in the full header (the numberofbytes that are sent in the headerfields field),

Headerfields: The full header of the packets (fixed and changing fields together). The field length changes according
to the packet suppressed, but is limited in 103 bytes.
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9.7.5.2 <MAC> Suppression Acknowledgment Message

This message acknowledgesthe receiving of a<MAC> suppression data message and for negotiating the suppression
mask and scheme. If the message is sent by the INA,it is a single cast message.

Bits

|ConnectionID
|ContextIDLSBbit is ignored
|Suppressioncontrolfield=
PoReserved
Poirection2fUS,DS
[|Suppression_scheme_included| fn, yes}

|
|

 

 
 
 
 
 
 
 
 

 
 

Bit Number/Description

 = CO]ho SaHeader_ack_included|1|0, yes
if (suppression_control_field &=suppression_sche_included

=

i = j ||
Suppression scheme
[|SSSCSSuppressionmask103|

Suppression flag|1|_[103:{no, yes
a
if (suppression_control_field &=header_field _included){Y|
|Generationnumber

}

4 MSB bits are ignored   

Connection ID:4 bytefield, the connection ID that suppressed packets are sent through.

Context ID: 7-bit field. Context ID is an identifier for the session (see clause 5.7.2). The suppression scheme header
fields and generation numberrelates to suppressed packets that are sent through the connection ID andhas that context
ID in the suppression header.

Suppression control field: 8-bit control field.

Direction:if set to DS, the message acknowledges suppression in the DS.If set to US, the message acknowledge
suppression in the US, .Suppression_maskincluded: a Boolean,indicating whether the message includes a suppression
maskand flag.

Suppression scheme: 13 byte field.

Suppression mask: 103-bits, indicating what bytes of the headerfields are suppressed. If the mask bit is 0, the
matching header byte is suppressed (see clause 5.7.2).Suppressionflag: a Boolean. If set to true a suppressionis
performed.

Generation number: The generation numberthat is attached to the header fields' value.

5.7.6 Suppression of RTP sessions

Data packets that are carried by RTP protocols, contains the combination of RTP/UDP/TP headers.

Figure 51 describes the fixed fields for the packets.

Figure 52 describes the suppression mask for RTP sessions.

Figure 53 describes the format of a suppressed packet (without a suppression header).
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Figure 51: Fixed Fields for RTP/UDP/IP
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Figure 53: RTP/UDP/IP Header with Suppressed Fields
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5.8 Security (optional)

The security solution consists of two separate sub-systems:

- anew set of MAC messages used for authentication and key-agrecmeut between INA and NIU. These messages
are used for key negotiation during connection setup as well as for on-the-fly update of keys (see clause 5.8.7);

- on-the-fly encryption and decryption of payload data streams passed between INA and NIU.

Whena connectionis being setup, before payload data is transferred, one of three new request/response MAC
message-pairs is used to generate a session key specific to the payload stream associated with the connection.

The session key is a shared secret between the INA and the NIU:even if every MAC messageis intercepted, the
cryptographic properties of the protocol ensure that an eavesdropper camot determinethe session key value.

This is achieved by using a public-key protocol, which requires no up-front shared secret, or a simpler protocol based
on a long-term shared secret between INA and NIU called a cookie. The cookie is 160-bits long.It is also used for
authenticating the NIU to the INA during connection-setup.

Each NIU will store its own cookie in non-volatile storage, whereas the INA will maintain a data-base of the cookie
values of the NIUson its network. Cookie values will be updated occasionally as dictated by security policy, but they
are less vulnerable thansession keys: a successful brute-force attack on a session key reveals nothing about the cookie
value, nor any other session key.

The new MAC messagesalso implement a defence against clones: a NIUsthat is a physical copy of an existing NIU
and attempts to operate on the network under the cloned identity (when the cloned NIU itself is not registered on the
network). The anti-cloning measure is a simple non-volatile 8-bit counter that is incremented synchronously at the INA
and NIU overtime: if a clone NIU engagesintraffic with the INA,this will be detected the next time the cloned NIU
connects because the counter value will be out of synchronization.

If the clone attempts to operate concurrently with the cloned unit, there will be an immediate break-down of
functionality for both units, due to confusion within the MAC protocol. This amounts to a denial-of-service attack, and
the INA should be prepared for this kind of protocolfailure.

Used mathematical operators and symbols in this clause:

x multiplication

“ lower

~ concatenation

mod modulo division

(unsigned char)x NSIC cast operator: converts value x to unsigned char

m empty string (zero length)

noncel random string (INA)

nonce2 random string (NIU)

5.8.1 Cryptographic primitives

The key exchange protocols and data stream encryption is based on a set of well-established primitive cryptographic
functions. The functions and their associated key sizes can be changed in the future, in case crypt-analytie or brute-force
attacks becomea realistic threat.

Thespecific set of functions and key sizes are negotiated between INA and NIU at sign-on time. The functions
supportedat the present time are Diffie-Hellman, HMAC-SHAI, and DES. Checkcurrent cryptographic literature for
any updates regarding their security and use.

The following clauses give a brief overview of the cryptographic primitives, and details on how they are used in the
protocol. Later clauses describe the exact field layout of the new MAC messages.
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The protocol parameters are described in terms of byte strings, where concatenation is denoted by the ~ operator.
Integer quantities are represented as base-256 byte strings. Big-endian byte-ordering is used, that is, the most significant
byte comesfirst. If necessary to reach a fixed length, the string is padded with zeros at the mostsignificant end.

5.8.1.1 Public key exchange

A public key exchange primitive is used to allow the INA and NIU to agree onasecret, although communicating in

public. The Diffie-Hellman scheme is based on unsigned integer arithmetic and worksas follows (A denotes
exponentiation):

The INA chooses two public values, a large prime number m, and a (small) number g whichis a generator modulo m

(that is, g4a mod m will generate all number from 0 to m-1 for varying a). The INA also chooses a

secret number X < m, and sends the following three values to the NIU: m, g, X = gAx mod m.

The NIU choosesa secret value y < m, and responds to the INA with the value Y = gAy mod m.

The NIU nowcalculates s = XAy mod m = (gAx)Ay mod m = gA(x x y) mod m, whereas the INA calculates

YAx mod m = (gAy)4x mod m = gA(yx x) = S, so the INA and NIU now agree onthe values.

The value of $ is a secret shared between INA and NIU.To determineits value from the publicly communicated values

m, g, X, and Y, an eavesdroppershall determine x or y by solving an equationofthe form Z = gAz mod m for

unknown Z. This is known as the discreet logarithm problem and is computationally infeasible with current algorithms
for sufficiently large values of m.

The parametersize supported are 512-bits for the prime number m, and hencealso for the remaining valuessinceall
arithmetic is modulo m.

In the applicable MAC messages, the unsigned integer quantities m, g, X, and Y are encoded into fixed-size fields
(64, 96, or 128 bytes) using big-endian byte-ordering.

5.8.1.2 Hashing

The protocol makes use of a keyed hash function that computes secure checksums which can only be verified with the
possession of a secret key. The function has the one-way property, meaning thatit is computationally infeasible to find
an input value that maps to a given output value.

The hash function is also used to generate derived secret material based on a master secret. Because of the one-way
property, the master secret is protected even if the derived secretis discovered.

In generic terms, the keyed hash function takes twobyte strings as input, the key and a data string, and produces
anotherstring of bytes, the digest:

digest = H (key, data )

The H function shall accept key and data parameters of any size, whereas the protocolis designed to accept digests of
any size.

The specification currently supports the HMAC-SHA1 function defined in IETF RFC 2104[5]. It produces a 20-byte
digest.
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5.8.1.3 Encryption

Payload data is encrypted and decrypted using a symmetric-key block cipher, which is used in Cipher Block Chaining
(CBC) mode with special handling of any final odd-size block.

In generic terms, the encryption and decryption functions take two byte strings as input, the key and a data block, and
produce as output another data block of the same length:

ciphertext = E ( key, plaintext )

D (key, ciphertext ) = plaintext

The key length and block length is given by the chosen cipher, and the payload stream processing logic will apply it as
appropriate to data units of various sizes.

The specification currently supports the DES algorithm, which has a blocksize is 8 bytes, and various options for key
length based on an 8-byte raw key block(see clause 5.8.5).

5.8.1.4 Pseudo-random numbers

The protocols used for generating secret values depend onthe availability of a pseudo-random,that is, practically
unpredictable, endless string of bytes. This will typically be produced with a Pseudo-Random Number Generator,
PRNG,algorithm.

The random bytes are used to generate the secret Diffie-Hellmanvalues, x and y, and for nonce values used during key
exchange. The unpredictable nature of the random input ensures that different secret values are produced cachtime, and
also prevents replay of old intercepted messages.

This specification does not require any particular algorithm, only that the INA and NIU each choose onethatis
well-established and cryptographically analysed.

The hardest aspect of using a PRNGisto initialize it with an unpredictable seed value. The seed should contain multiple
high-granularity device-dependent time-samples, samplings of cable line noise, as well as any other available pseudo-
random material, like file allocation Tables, etc. These random source values are then hashed together to squeeze out
the entropy for the seed value.

5.8.2 Main Key Exchange, MKE

Main Key Exchangeuses Diffie-Hellmanto develop a shared secret between the INA and NIU, whichis independent of
the cookie value. Furthermore, it uses the cookie value to authenticate the NIU to the INA.It optionally uses the newly
developed shared secret to update the cookie value. Finally, it derives a shared secret key used for the security context
that is used to process payload stream data.

The exchangeis initiated by the INA sending a message containing the Diffie-Hellman values, m, g, X, and a random

noncestring, noncel. The NIU responds with a message containing its Diffie-Hellman value, Y, a random nonce

string, nonce2, and an authentication string, auth.

The INA and NIU each use the same formula to calculate the authentication string (~ means concatenation):

auth = H ( cookie, noncel ~ nonce2 )

which is communicated by the NIU and checked by the INA. This proves the identity of the NIU,since it requires

knowledge of the cookie to calculate the correct value of auth.

The NIU and INAeachuse the Diffie-Hellman values (see clause 5.8.1.1) to arrive at the same secretvalue, S:

s = gA(x xy) mod m.
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This unsigned integer value is encodedas a byte string, of length specified by the Diffie-Hellman parametersize, using

big-endian byte ordering. It is then used to calculate a temporary shared secretstring, temp:

temp = H (encode (s ), nonce2 ~ nonce! ).

If the cookie is to be updated, the new value is computed in sections forn = 1, 2, ...:

newcookie(n) = H (temp ~ (unsigned char)1 ~ (unsigned char)n, "")

where (unsigned char) is the cast operator of the C programming language, and "" is the empty string (zero length).
These string values are computed and concatenated until the total length matches or exceeds the length of the cookie.
The cookie is then obtained by taking the first 20 bytes out of the concatenated sections, starting from the beginning.

The session key used for payload stream encryptionis likewise computed in sections:

key(n) = H (temp ~ (unsigned char) 2 ~ (unsigned char) n, "")

where, again, a sufficient number of sections are calculated to produce enough bytes to cover the length of the key. The
session key is obtained,,in the same manneras the cookie" by taking the required numberofbytes out ofthe
concatenated sections, starting from the beginning.

5.8.3 Quick Key Exchange, QKE

Quick Key Exchange uses the existing cookie value to authenticate the NIU to the INA, and then derive a shared secret
key used for the security context that is used to process payload stream data.

The exchange is initiated by the INA sending a message containing a random noncestring, noncel. The NIU responds

with a message containing a random nonce string, nonce2, and an authentication value, auth.

The value of auth is calculated in the same way as for Main Key Exchange,andis likewise used to verify the identity
of the NIU (see clause 5.8.2).

The NIU and INA then each calculate a temporary shared secretstring, temp:

temp = H (cookie ~ (unsigned char)3, nonce2 ~ noncel ).

This value is used to produce the payload encryption key in the same way as for Main Key Exchange(see clause 5.8.2).

5.8.4 Explicit Key Exchange, EKE

Explicit Key Exchangeis used by the INA to deliver a pre-determined session key to the NIU. The session key is
encrypted under a temporary key derived from the cookie value, and is used for the security context that is used to
process payload stream data.

The delivery is performed by the INA sending a message containing a random noncestring, nonce], and a byte string

value, encrypted key, whichhas the same length as a key used for payload encryption. The NIU responds with a

message containing a random noncestring, nonce2, and an authentication value, auth.

The value of authis calculated in the same way as for Main Key Exchange, and is likewise used to verify the identity
of the NIU (see clause 5.8.2).

Both the INA and NIU calculate a temporary shared secret string, temp:

temp = H ( cookie ~ (unsigned char)4, noncel }

whichis used to produce sections of a temporary key, in the same way as for Main Key Exchange(see clause 5.8.2).

The INA uses these temporary key string sections to XOR with the session key to obtain the encrypted keyvalue,
and the NIU performs a second XOR operation to decrypt the session key value.
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For normal DES,8 bytes of raw key data are delivered, which are used to derive the actual key with the appropriate
numberofeffective bits, as described below (see clause 5.8.5).

5.8.5 Key derivation

The actual key value used for processing payload datais derived fromthe key sections developed during key exchange.

For DES, 8 bytes of raw key data is required, so a single 20-byte section, key(1), computed by HMAC-SHAIis
sufficient.

In each byte, the least significant bit is not used (it can be used as an odd-parity bit of the remaining 7-bits), bringing the
effective key size downto 56-bits.

Furthermore, when used in 40-bit mode, the two most significant bits of each byte in the key are zeroed.

5.8.6 Data stream processing

Security can be applied to various payload data streams selectively. The elementary unit is called a security context,
which contains two session keys used for encrypting and decrypting a stream ofpayload data. Only oneofthe keysis
used to process any particular payload unit. Each key can be used for processing both upstream and downstream
payload data.

Having two keys allows negotiation of a new key to take place while payload data is processed using the old one, and
then do an immediate switch-over once the new key is agreed upon, without interrupting payloadtraffic. The INA
initiates the key exchanges, and canstart using a session key for downstream traffic encryption once the key exchange
is complete, For upstream traffic encryption, the NIU should use whichever key was used by the INAin the most recent
encrypted payload unit.

5.8.6.1 Payload streams

A payload stream is identified byeitherof:

- a 24-bit (UNI) ATM virtual circuit VPI/VCT: this is used for ATM-based IB downstream, OOB downstream, and
upstream payload data. The ATM circuit can be one-to-one, or one end-point of a multi-cast circuit;

- a48-bit MAC-address: this is used for DVB Multiprotocol Encapsulation downstream payload data. The
MAC-address canbe the physical address of the STB or a pseudo address used for MAC-address based.
multi-casting.

When a payload stream is secured, the NIU and the INA will have matching security contexts, which are used to
encrypt/decrypt both upstream and downstreamtraffic. For unsecured payload streams there is no security context, and
payload data is not encrypted.

To support encrypted multi-casttraffic, the same security context will be created for each member using EKE (see
clause 5.8.4), so that cach NIU can decrypt the commonpayload data stream.

5.8.6.2 Data encryption

Within a payload data stream, data is carried in individual units at the various protocol layers. Encryption is applied at
the lowest layer possible, consistent with the payload stream:

- ATM-based payload streams: the unit of encryption is a single ATM cell. The 48-byte cell payload is encrypted
using the security context implied by the associated connection.

- Encryption is transparent to higher-level protocol layers, which see only unencryptedcell payloads.

- DVB Multiprotocol Encapsulation payload streams: the unit of encryption is a single DVB Multiprotocol
Encapsulation section. The datagram_data_bytes (between the MAC-address and the CRC/checksum) are
encrypted using the security context implied by the associated connection. The DVB Multiprotocol
Encapsulation payload to be encrypted will be adjusted to have a length of n x 8 bytes (n is an integer) by adding
an appropriate amount(0 ... 7 bytes) of stuffing bytes before the CRC/checksum according to [6]. The
CRC/checksumis calculated on the encrypted datagram bytes, while higher-level protocol layers see only
unencrypted datagrams.
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5.8.6.3 Encryption flags

There are flags in the header of each encryption unit specifying whichof the two sessions keys of the security context is
used.

The receiver will use the security context of the payload stream to see if decryptionshall be done.

e ATM cells: the least significant two bits of the Generic Flow Control, GFC,field of the cell header are used:

- 00: not encrypted

- Ol: reserved

- 10: encrypted using session key 0

- 11: enerypted using session key 1

The mostsignificant two bits of the GFC field are reserved for future use, and shall be set to 00.

- DVB Multiprotocol Encapsulation sections, according to EN 301 192 [6]: the 2-bit payload_scramblingcontrol
field in the section headeris used:

- 00: not encrypted

- Ol: reserved

~ 10: encrypted using session key 0

- 11: encrypted using session key |

The 2-bit address_scramblingcontrol field in the section headeris 00all the time (the address is not scrambled),

5.8.6.4 Chaining and initialization vector

Within encryption units, the block encryption algorithm is used in Cipher Block Chaining mode, CBC: thefirst plain-
text block is XOR'ed with aninitialization vector (IV), and subsequent blocks are XOR'edwith the previous cipher-text
block, before the block is encrypted. Decryptionis opposite: each cipher-text block is first decrypted and then KOR'ed
with the previous chaining value.

The value of the IV for a given encryptionunit is zero.

5.8.7 Security Establishment

Security issues are handled in the following situations:

- When a NIU registers on the networkit will do aninitial handshake with the INA to establish the level of

security support, in particular the cryptographic algorithms and key sizes to be used subsequently.

The handshake consists of <MAC>Security Sign-On and <MAC>Security Sign-On Response messages(sec
clauses 5.8.9.1 and 5.8.9.2) whichare exchanged inummediately prior to the <MAC>Initialization Complete
message.

A failure during this stage of the protocol causes the INA to revert to non-secure interaction with the NIU.

- The security context of a secured payload stream is established when the underlying MAC connectionis created,
before any stream data is transmitted. One session key is agreed, and the cookie and/or clone counter values may be
updated as part of the exchange.

The key exchange consists of<MAC>Main/Quick/Explicit Key Exchange and <MAC>Main/Quick/Explicit
Key Exchange Response messages(sce clauses 5.8.9.3 to 5.8.9.8) which are exchanged immediately prior to the
<MAC>Connect Confirm message.

A failure during this stage of the protocol causes the connection-setup operation to fail.
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- After a connection is in use, each session key of the security context of the payload stream can be updated on-the-
fly, that is, without re-establishing the underlying connection, and without interrupting payload data traffic. The
cookie and/or clone counter values cannot be updatedas part of the exchange.

A new session key is negotiated using the same MAC messages used during connection-setup. There is no
<MAC>Connect Confirm message.

A failure during this stage of the protocol causes the connection to be dropped.

While a session key of the security context is being updated for a particular comnection, payload streamdatatraffic
should be encrypted using the other session key or notat all. Once the key exchange is complete, the INA canstart
using it for subsequent downstream traffic, thereby directing the NIU to use it for upstreamtraffic.

All three variants of key exchange messages authenticate the NIU based on the existing cookie value. They also
perform the clone detection counter check, and optionally increment the clone counter. Only MKE can update the
cookie.

The security MAC messageflow is naturally serialized within the context of the particular connectionthat is being
setup. But, in as far as multiple connections are being established concurrently, there can also be multiple concurrent
key exchanges whose messages are interleaved. The NIU is free to complete outstanding key exchanges on separate
connections in any orderit chooses.

5.8.8 Persistent state variables

To facilitate authentication, key exchange, and clone detection, the NIU hasa set of state variables whose values are
retained across registrations and powercycles:

Table 50: Persistent NIU variables

[NameFunctionSize
  

 

 
  

 
 
  

The sequence numbersare used to ensure that the INA and NIU can stay synchronized even in case the NIU dropsoff
the net in the middle of a protocol exchange.

5.8.8.1 Guaranteed delivery

Within the setup protocol for a MAC connection, the INA will ensure that a protocol exchange is complete before
proceeding.If it does not receive a response MAC message within a given time-interval, it will re-transmit the original
message unchanged. The NIU will do likewise in situations where it requires a response. If the number ofre-
transmissions exceedsthree, the protocolfails.

Dueto race conditions, superfluous re-transmissions may be generated by both INA and NIU. They shall discard such
messagesafter the first message has in fact been received.

If the NIU is not ready to respond within the specified time out, it can send <MAC>Wait messages (see clause 5.8.9.9)
to extend the time it has available to generate a proper response. Upon receiving the wait message, the INA will restart
its timer and reset the retry count.

The protocoltime-out values can be set by the <MAC> Default Configuration Message, otherwise the following default
values apply.

ETSI EXHIBIT 2005



EXHIBIT 2005

132 ETSI ES 200 800 V1.3.1 (2001-10)

Table 51: Protocol time-out values

Quick Key Exchange 300
Explicit Key Exchange

NOTE: The Unit for the timeouts is millisecond (ms).

    Default Value

 
   

5.8.9 Security MAC Messages

5.8.9.1 <MAC>Security Sign-On (Single-cast Downstream)

As part of the registration process when a NIU attachesto the network, the INA and NIU will negotiate the specific set
of cryptographic algorithms and parameters used in the key exchange protocols and for payload encryption.

Theselections are global, and apply to all subsequent security exchangesfor as long as the NIU is registered on the
network.

The selections affect the layout of the subsequent key exchange messages,sincethey have fields that vary in size
according to the choice of algorithms and parameters.

The INA indicates which algorithms and parametersit supports by setting the appropriate bits in the <MAC>Security
Sign-On message. There are four classes of algorithms, and the INA will set one or more bits in each ofthe fourfields
to indicate which specific choices it supports.

Table 52: Security Sign-On message structure

Security_Sign-On (){ Bit Number/Description

Public_Key_Alg Public key algorithm choices:

PKA_Reserved 7...1: Reserved, shall be 0
PKA_DH_812 0:(yes/no) Diffie-Hellman, 512 bits

  

 
 

 
 

  
Parameter

bytes

Poka’

Pra:

  
  

 
  

  

Hash_Alg

HA_Reserved
HA_HMACSHA1

 Hash algorithm choices:

7...1: Reserved, shall be 0
0:(yes/no) HMAC-SHA1

 
 

20

 

 
 

 
 
 

  

Encryption algorithm choices:

7.,.2: Reserved, shall be 0
1:(yes/no) DES,56 bit key
0:(yes/no) DES,40 bit key

Encryption_Alg

EA_Reserved
EA_DES_56
EA_DES_40 
 
 
 
 
  

Noncesize choices:

7...1: Reserved, shall be 0
0: (yes/no) 8 random bytes

Nonce_Size

NS_Reserved NS_64  
 

If the security option is supported, the minimum subset to support is PKA_DH_512, HA_HMACSHA1, EADES40,
andNS 64,

EA_DES_56is optional.
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5.8.9.2 <MAC>Security Sign-On Response (Upstream)

Inits security sign-on response, the NIU indicates whichspecific algorithms and parameters to use. It does so by
choosing one of the suggestions offered by the INA within eachof the four classes.

The fields of the response message have the same definition as the message from the INA, except that exactly one bit
will be set in eachfield.

If the NIU is unable to support any of the suggested algorithmsforany class, it shall return anall-zero field value, and
the INA will revert to non-secure communication or re-issue the <MAC>Security Sign-On message with different
choices.

Table 53: Security Sign-On Response message structure

Security_Sign- Parameter
On_Response() { bytes

Poka:Public_Key_Alg Public key algorithm choices:

PKA_Reserved 7...1: Reserved, shall be 0
PKA_DH_512 0:(yes/no) Diffie-Hellman, 512 bits

Hash_Alg Hashalgorithm choices:
20

Poa:

HA_Reserved 7...1: Reserved, shall be 0
HA_HMACSHA1 0:(yes/no) HMAC-SHA1

Encryption_Alg Encryption algorithm choices:

EA_Reserved 7...2: Reserved, shall be 0
EA_DES_56 4:(yes/no) DES, 56 bit key
EA_DES_40 0:(yes/no) DES,40 bit key

Nonce_Size Noncesize choices:

NS_Reserved 7...1; Reserved, shall be 0
NS_64 0: (yes/no) 8 random bytes

Reserved forfuture use, shallbeO[|si
Po

 
5.8.9.3 <MAC>Main Key Exchange (Single-cast Downstream)

The Main Key Exchange messageis used to start a cookie-independent key exchange with the NIU,andalso instructs
the NIU whether to update its cookie value and clone counter value.

Table 54: Main Key Exchange messagestructure

Main_Key_Exchange() {|Bits|Bit Number/Description
Connection_ID MAC connection identifier

Reserved 7...4: shall be 0

FL_Initializing 3:(yes/no)first ever key exchange
FL_Update_Cookie 2:(yes/no) make new cookie value
FL_Update_Counter 1:(yes/no) increment clone counter
FL_Session_Key 0: select session key 0 or 4 
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Bit Number/Description
Reservedfor future use, shall be 0|1|

Phe[Randomstringnoncet|
Foxe[Die-Helinanmodulus|

||

 
Main_Key_Exchange() {

[|____Reserveda—“‘(‘dY:
Nene

DH_Generator | Diffie-Hellman generator g

|
Diffie-Hellman public value XDH_Public_X

PT
  

The Fi.Session_Keybit specifies which session key ofthe security context to update.

Ifthe FLUpdateCounterbitis set, it instructs the NIU to increment its clone detection counter. 
If the FL_Update_Cookiebit is set, it instructs the NIU to generate a new cookie value to be used forfuture
authentications and key exchanges, and to reset the clone detection counterto zero.

Any updates to the cookie, clone counter, or their associated sequence numberbits do nottake effect until the following
<MAC>Connect Confirm messageis received by the NIU.

Ifthe FL_Initializingbitis set,it tells the NIU that the Authenticatorfield in the response will be ignored.

The sizes of the multi-byte fields are determined by the parameters of the algorithms selected during security sign-on
(see clause 5.8.9.1).

The INA will use its own private Diffie-Hellmanvalue, x, together withthe fields of the response message from the
NIUto derive the new session key value, as well as any new value for the cookie (see clause 5.8.2).

5.8.9.4 <MAC>Main Key Exchange Response (Upstream)

The Main Key Exchange Response message authenticates the NIU and completes the cookie-independent key exchange
with the INA.It also contains the current value of the clone detection counter.

Table 55: Main Key Exchange Response messagestructure

Bits
32

Flags
Reserved FL_Cookie_SN
FL_Counter_SN

  
 

Bit Number/Description
MAC connectionidentifier

Bytes
4

  
 

 
 

7...2: shall be 0

1: cookie sequence number
0: clone counter sequence number

  
 
 

 
 

 Current clone counter value

Random string nonce2
Authentication value auth

Diffie-Hellman public value Y

Clone_Counter

UvAuthenticator

DH_Public_Y

a   
The FL_Counter_SN bit is the current sequence number of the clone detection counter. The CloneCounterfield
is the current value of the counter. A clone collision has been detected if the INA finds a mis-match from the expected
value.

The FL_Cookie_SN bit is the sequence numberofthe cookie used for authentication.

Ifthe FL_Update_Cookie bit was set by the INA, the NIU will generate a new cookie value and complementthe
cookie sequence numberbit. It will also reset the clone counter value to zero and clear the clone counter sequence
numberbit.

Ifthe FL_Update_Counterbit was set by the INA, the NIU will incrementthe value of the clone counter
(modulo 256) and complement the clone counter sequence mumberbit.
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Any updatesto the cookie, clone counter,or their associated sequence numberbits do not take effect, and shall not be
committed to non-volatile storage, until the following <MAC>Comnnect Confirm messageis received by the NIU.

The NIU usesits private Diffie-Hellman value,y, together with the message fields to derive the new session key value,
as well as any new value for the cookie (see clause 5.8.2).

5.8.9.5 <MAC>Quick Key Exchange (Single-cast Downstream)

The Quick Key Exchange message is used to start a cookie-dependent key exchange with the NIU,and also instructs
the NIU whether to update its clone counter value.

Table 56: Quick Key Exchange messagestructure

Quick_Key_Exchange() { Bit Number/Description
Connection_ID MAC connectionidentifier
Flags

Reserved FL_Update_Counter 7...2: shall be 0
FL_Session_Key 1:(yes/no) increment clone counter

0: select session key O or 1

Reservedforfuture use, shall be 0

Pd

 
The FL_Session_Keybit specifies whichsession key of the security context to update.

Ifthe Fl.Update_Counterbitis set, it instructs the NIU to incrementits clone detection counter.

The INA will use its knowledge of the cookie value together with the fields of the response message from the NIU to
derive the session key value (see clause 5.8.3).

5.8.9.6 <MAC>Quick Key Exchange Response (Upstream)

The Quick Key Exchange Response message authenticates the NIU and completes the cookie-dependent key exchange
with the INA.It also contains the current value of the clone detection counter.

Table 57: Quick Key Exchange Response messagestructure

Flags
Reserved 7...2: shall be 0

FL_Cookie_SN 1: cookie sequence number
FL_Counter_SN 0: clone counter sequence number

Clone_Counter 
The FL_Cookie_SNbit is the sequence numberof the cookie used for authentication.

The FLCounter_SNbitis the current sequence numberof the clone detection counter. The Clone_Counterfield
is the current value of the counter. A clonecollision has been detected if the INA finds a mis-match from the expected
value.

Ifthe FL UpdateCounterbit wasset by the INA, the NIU will incrementthe value of the clone counter (modulo
256) andcomplement the clone counter sequence numberbit. The updated values do nottake effect, and shall not be
committed to non-volatile storage, until the following <MAC>Conneet Confirm messageis received by the NIU.
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The NIU uses the cookie value together with the messagefields to derive the session key value (see clause 5.8.3).

5.8.9.7 <MAC>Explicit Key Exchange (Single-cast Downstream)

The Explicit Key Exchange messageis used to securely deliver an existing session key value to the NIU, and also
instructs the NIU whether to update its clone counter value.

Table 58: Explicit Key Exchange message structure

  
 

 
 

Explicit_Key|
Connection_ID
Flags

Exchange (){ Bit Number/Description
MAC connectionidentifier

   

 
 
 

 

 
 
 

 
 

  

7...2: shall be 0

1:(yes/no) increment clone counter
0: select session key 0 or 1

Reserved

FL_Updaie_Counter
FL_Session_Key

 
   Reserved

Nonce
eserved for future use, shall be 0
andomstring nonce1  

 mEncryptedkey ncrypted session key  
 

a

The FL_Session_Keybit specifies which session key of the security context to update.

Ifthe FL_Update_Counterbitis set, it instructs the NIU to incrementits clone detection counter.

The INA hasused its knowledgeofthe cookie value to encrypt the session key value (see clause 5.8.4).

5.8.9.8 <MAC>Explicit Key Exchange Response (Upstream)

The Explicit Key Exchange Response message authenticates the NIU and acknowledgesreceipt ofthe delivered key.It
also contains the current value ofthe clone detection counter.

Table 59: Explicit Key Exchange Response messagestructure

|Bytes|Bit Number/Description
MACconnection identifier

 Explicit_Key_Exchange_Response() {
Connection_ID
Flags
 

 
 

 

  |_Bits|
 

   

 
 
 

 
 
 

7...2: shall be 0

1: cookie sequence number
0: clone counter sequence number

Reserved

FLCookieSN
FL_Counter_SN

  
 

 

 

 

 
 

 
 
 

Current clone counter value

Randomstring nonce2
Authentication value auth

Clone Counter

Nonce
8 1

||Pas|
Authenticator PPI
|

|

 

The FL_Cookie_SNbitis the sequence numberofthe cookie used for authentication and session key decryption. If
the INA determinesthat it has used the wrong cookie for session key encryptionit will re-issue the <MAC>Explicit
Key Exchangeusing the old cookie value.

The FL_Counter_SNbit is the current sequence numberofthe clone detection counter. The Clone_Counterfield
is the current value of the counter. A clone collision has been detected if the INA finds a mis-match from the expected
value.

Ifthe FL_Update_Counterbit was set by the INA, the NIU will increment the value of the clone counter
(modulo 256) and complementthe clone counter sequence numberbit. The updated values do not take effect, and shall
not be committed to non-volatile storage, until the following <MAC>Connect Confirm messageis received by the
NIU.
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The NIU uses the cookie value together with the messagefields to decrypt the session key value (see clause 5.8.4).

5.8.9.9 <MAC>Wait (Upstream)

The Wait message is used by the NIUto extendthe time the INA waits for a reply to a given message. Uponreceiving
it, the INA will reset its time-out value and retry count (see clause 5.8.8.1).

Table 60: Wait message structure

Wait () {|Bits|Bytes|Bit Number/Description
Connection_ID|32|4[MAC connection identifier
Message Type fs[|1|Type of message from INA

[ReserveddT8[Reserved for future use, shall be 0
FQ

 

 
 
 
 
  

   
 
 

 

 

 
  

The MessageTypefield is the message type value of the message received from the INA being processed.If the
message is specific to a connection, the Connection_IDfield identifies which; otherwisethis field is zero. The NIU
indicates that it is currently unable to send a reply to the message.

 

6 Interactive Cable STB/Cable Data Modem Mid Layer
Protocol

This clause describes the mid layers to be used when the present document is used to implement Interactive Cable STB
respectively Cable Data Modem applications. Three solutions are given for this application, Direct IP, Ethernet MAC
bridging and PPP. Direct IP is mandatory for both INA and NIU,the other two solutions are optional. Interoperability
testing will be performed on Ethernet MACbridging until end 99.

6.1 Direct IP

The goalofthis clause is to allow compatible and interoperable implementations for transmitting IP datagrams[11]
over ATM AALS [8] and DVB Multiprotocol Encapsulation [6], as used by the present documentfor upstream and
downstream transmission.

6.1.1 Framing

INA and NIU/STBshall support an MTU size of 1 500 Byte.

6.1.1.1 Upstream and OOB Downstream

The IP datagramshall be carried as such in the payload of the AALS CPCS-PDU.This method is described in
IETF/RFC 1483 [8] as VC based multiplexing for routed protocols and is generally also knownas null encapsulation.

6.1.1.2 IB Downsiream

The IP datagram shall be carried as such in the DVB Multiprotocol Encapsulation sections of EN 301 192 [6],
LLC_SNAPflag is set to zero. Each IP datagram shall be carried in a single section.

ETSI EXHIBIT 2005



EXHIBIT 2005

138 ETSI ES 200 800 V1.3.1 (2001-10)

6.1.2 Addressing

In upstream framing structure and in downstream out-ofband framingstructure, the addressing of a specific NIU/STB
is done with a VPI/VCIpair. At least one VPI/VCIpair is assigned per NIU/STB. The following VPI/VCIpairs are
reserved:

Table 61: Reserved VPI/VCI values

VPIUNVCI
any/0x0000...0x001F
x00/0x0020
x00/0x0021
x00/0x0022

reserved for Ethernet MAC Bridging
broadcast

   
    
  

  
  
  
  

 

OlOloO;axoS oO =Qo PadQ QO NR ww

All other VPI/VCIpairs can be assigned by the INA forcarrying IP traffic. The VPI/VCI is provided through the DVB
MACprotocol.

6.1.2.1. IP Broadcast and Multicast from STB/NIU to INA

All upstream IP broadcast and multicast packets shall be transmitted with an upstream VPI/VCI given ina MAC
connect message.

6.1.2.2 IP Broadcast and Multicast from INA to STB/NIU

IB downstream

For IB downstream, IP broadcast and multicast shall be carried out according to EN 301 192 [6] as described below.

IB downstream IP broadcast shall be transmitted with the broadcast MAC address FF:FF:FF:FF:FF:FF. An IP multicast

group is joined according to the IGMP protocol [13]. Additionally, the INA may assign a new DVB MACconnection to
the NIU/STBfor that purpose, including a multicast MAC address. IB downstream multicast shall than be transmitted
with that multicast MAC address.

OOB downstream

OOB downstreamIP broadcast shall be transmitted with a VPI/VCTvalue of 0x00/0x0022. An IP multicast groupis
joined according to the IGMP protocol [13]. Additionally, the INA may assign a new MAC connectionto the NIU/STB
for that purpose. QPSK downstream multicast shall than be transmitted with the VPI/VCI given in the corresponding
MACconnect message.

6.1.3 IP Address Assignment

The NIU/STB shall use either the BOOTPor the DHCPprotocol according to IETF/RFC 951 [10] and
IETF/RFC 2131 [9] to get an IP address from the network, unless a fixed IP address was assigned to the NIU/STB by
the operator and made knownto the INA. All additional IP addresses of customer premises equipment connected to the
NIU/STBshall be assigned through BOOTP or DHCP,unlessfixed IP addresses have beenassigned by the operator.
Singlecast downstreamtraffic with a destination IP address not assigned through BOOTP, DHCPortheoperatorshall
be discarded by the INA. Upstream traffic with a source host IP address not assigned through BOOTP, DHCPorthe
operator shall be discarded by the NIU/STB and by the INA.

6.1.4—INA Interfaces (Informative)
tbd.

6.1.5 NIU/STB Interfaces (Informative)
tb.d,
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6.2 Ethernet MAC Bridging

The goal ofthis clause is to allow compatible and interoperable implementations for transmitting ISO/IEC 8802-3 [15]
Ethernet MACframes over ATM AALS[8] and DVB Multiprotocol Encapsulation [6], as used by the present
documentfor upstream and downstream transmission.

6.2.1 Framing

6.2.1.1 Upstream and OOB Downstream

The Ethernet MAC frameshall be carried in the payload of the AALS CPCS-PDUasdescribed in IETF/RFC 1483 [8]
as LLC encapsulationfor bridged Ethernet/802.3 PDUs, using PID 0x00-07 (LAN FCSis not transmitted). No padding
bytes are inserted between the LLC/SNAP header and the Ethernet MACframe.

6.2.1.2 IB Downstream

The Ethernet MAC frame shall be carried in the payload of the DVB Multiprotocol Encapsulation sections as described
in EN 301 192 [6], LLC_SNAPflag is set to one. The value of the LLC/SNAP headeris
OxAA-AA-03-00-80-C2-00-07. Each Ethernet MAC frameshall be carried in a single section.

6.2.2 Addressing

In upstream framing structure and in downstream out-of-band framing structure, the addressing of a specific NIU/STB
is done with a VPI/VCIpair. At least one VPI/VCIpair is assigned per NIU/STB. The VPI/VCI pairs according to
Table 61 are reserved.

All other VPI/VCIpairs can be assigned by the INA for carrying Ethernettraffic. The VPI/VCIis provided throughthe
DVB MACprotocol.

6.3 PPP

The goalofthis clause is to allow compatible and interoperable implementationsfor transmitting PPP packets over
ATM AALS and DVB Multiprotocol Encapsulation [6], as used by the present documentfor upstream and downstream
transmission.

6.3.1 Framing

The implementationshall be done according to the IETF RFC 2364 [22], as mentioned in paragraph5.

6.3.1.1 Upstream and OOB Downstream

The PPP frameshall be carried as such in the payload of the AALS CPCS-PDU. This methodis describedin
IETF RFC 2364 [22] (Figure 1). The flag sequences,that delimit the beginning andthe end of cach frame, do not exist
any more. The Asynchronous-Control-Character-Map (ACCM)is not negotiated. In this way, the stuffing procedureis
no longer necessary.
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6.3.1.2 iB Downstream

The PPP datagramsshall be carried in the payload of the DSM-CCsections as described in EN 301 192 [6] DVB
multiprotocol encapsulation) with the LLC_SNAP_flag set to one. The encapsulation of PPP into LLC/SNAP is defined
in IETF RFC 2364 [22] "PPP over AAL5" (with the NLPID value for PPP set to 0xCF). Each PPP frameshall be
carried in a single section.

6.3.2 Addressing

In upstream framing structure and in downstream out-of-band framing structure, the addressing of a specific NIU/STB

is done with a VPI/VCI pair. At least one VPI/VCIpair is assigned per NIU/STB. The VPI/VCIpairs according to

Table 61 are reserved.

All other VPI/VCIpairs can be assigned by the INA for carrying PPPtraffic. Each PPP connection will be associated to
one VPI/VCI provided through the MAC DVB RCprotocol.

6.3.3 IP Address Assignment

After receiving the MAC Connect confirm message, the NIU/STB uses IPCP protocol included in the PPP protocol,
according to IETF RFC 1332 [23] to get an IP address from the network. The PPP protocol supports the case of a fixed
IP address assigned to the STB/NIU.

In the case a fixed IP address has been assigned to the NIU/STB by the operator, the IPCP protocolshall be used to
make this IP address known to the INA. The PPP IPCP Counfigure-Request of the NIU/STB states which IP-address is
used.

The INA can provide an(other) IP address by NAKingthis option, and returning a valid IP-address. The NIU/STBshail
use this IP address even in the case, the NIU/STB hasa fixed one.

6.3.4 Additional IP addresses

In the case the NIU/STBis also connected to customer premises equipment by a LAN,one ofthe following IP address
assignment schemesshall be implemented:

1) the LAN hasits own IP subnet address and subnet mask, in this case the NIU/STBacts like a routeri.e. the IP
subnet address and subnet mask of the LAN is completely independent of the INA. Or,

2) BOOTP/DHCP messages from the LAN are senttransparently through the PPP link to a serverat the INA side.

Singlecast downstream traffic with a destination IP address not assigned through PPP or BOOTP/DHCPshall be
discarded by the INA. Upstream traffic with a source host IP address not assigned PPP or BOOTP/DHCPshall be
discarded by the NIU/STB and by the INA.

6.3.5 Security

The PAP or CHAP protocols will supply authentication and authorization mechanisms both included in PPP.

6.3.6 INA Interfaces (informative)
tb.d.

6.3.7|NIU/STBInterfaces (informative)
tbd.
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Annex A (informative):
MAC State Transitions and Time Outs

The boxes representstates, state-transitions are represented by arrows. State-transitions are triggered by events, denoted
by: "Ex: <event>". Triggers are either the reception of MAC-messages or Time-Outs. An event can leadto a state-
transition depending on a condition, this is denoted by "Ex: <event> && <condition>.

A time-out timer runsinall the states. The values of these time-out counters are denoted by Tx.

Onthe following pages the events are accompanied by actions that are performed by the state machine duringthe state
transition. Some actions are performed only undera certain condition. To makethis clear, “if then else" constructions
are used.
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A.1 Initialization, Provisioning, Sign-On and Calibration

E1: Power Up

 

  
  

Wait for Provision
Msg

E3: Provision Msg

Wait for Default
Configuration

sg  
 
 ES: Default Configuration Msg

Wait for Sign-On
Request Msg

E8: Sign-On Request Msg && addres == OK

Wait for RandomTime

 
 
 

  
  

 
 

  
  

 
 

EG: Sign-On Request Msg && addres != OK 

Wait for Rangingand Power
Calibration Msgor Initialisation
Complete Msg

E13: TO && Power < MAX

10: Ranging and PowerCalibration Msg (E12: TO && Power >= MAX)

E17 : Init Complete Msg with
‘Completian_Status_Field [= 0 _—_—>

E11: Initialisation Complete Msg with Completion_Status_Field = 0 EIB: TO

 

 

 

E19 : Transmission Control
Message (Unicast only) with
Stop bit setCalibration Complete

ERROR_STOPPED
E14: Ranging and Power Calibration Msg

E16: MAC message sent upstream
 

   
E20: TO or
Transmission Contrel Message
(Unicast only) with Start bit sct

Figure A.1: State Diagram for Ranging and Calibration
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Tune to any downstream channel
{re)set timeout to T1

E2 Time Out received:
Tune to next downstream channel

(re)set timeout to T1

E3 Provision Msg received:
IF current DS freq. != provision Freq.

Tune provision channel
(re)set timeout to T2

E4 Time Outreceived:

Donothing
(re)set timeout to T1

E5 Default Configuration Msg received:
Tune to service channel

TimeOffset = Absolute_TimeOffset

Output_Power_Level = MIN_Power_Level
Power_Retry_Count = 0
Sign-OnRetryCount = 0
(re)set timeout to T3

E6 Sign-On Msg && addres |= OK:
Do nothing
(re)set timeout to T3

E7 Time Out received:

Donothing
(re)set timeout to T1

E8 Sign-On Msg && addres == OK:
Sign-OnRetryCount = min (Sign-OnRetry_Counttl1, 255)
(re)set timeout to T4

E9 Time Out received:

Send Sign-On Response Msg in ranging area

(using last successful power and timing settings, if allowed)
(re)set timeout to TS

E10 Ranging and Power Calibration Msg:
TimeOffset = Time_Offset + Time_Offset_Value
Output_PowerLevel = min(Output_Power_Level + Power_Control_Setting x 0,5
dB,

MAX_Power_Level)
IF RangingSlot_Included

send Ranging and Power Calibration Response Msg on RangingSlot_Number
ELSE
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send Ranging and Power Calibration Response Msg in ranging area
(re)set timeout to T5

Ell Initialization Complete Msg with CompletionStatusField = 0:
(re)set timeout to T6

E12 Time Out received && Power >= MAX:

Do nothing
(re)set timeout to T1

E13 Time Out received && Power < MAX:

PowerRetryCount++
IF Power_Retry_Count < SignOnIncrPwr_Retry_Count

Do Nothing
ELIF Tuned to Backup Service Channel

Tune to Service Channel

Output_Power_Level = min (O utput_Power_Level + x dB,
MAX_PowerLevel)

PowerRetryCount =0

ELIF Service Channel != Backup Service Channel (x € [0,5...2])
Tune to Backup Service Channel
PowerRetryCount=0

ELSE

Output_Power_Level = min (Output_Power_Level + x dB, MAXPowerLevel)
Power_Retry_Count =0

(re)set timeout to T3 (x € [0,5...2])

El4 Ranging and Power Calibration Msg:
Absolute_Time_Offset = Absolute_Time_Offset + TimeOffset_Value
Output_Power_Level = min(Output_Power_Level + Power_Control_Setting x 0,5
dB,

MAX.PowerLevel)
IF RangingSlot_Included

send Ranging and Power Calibration Response Msg on RangingSlot_Number
ELSE

send Ranging and Power Calibration Response Msg in ranging area
(re)set timeout to T6

E15 Time Out received

Send Idle Mgs
(re)set timeout to T6

El6 MAC message sent upstream

(re)set timeout to T6

E17 Initialization Complete Message received with Initialization Field != 0

Set Timeout to T7

Go to ERRORstate

E18 Timeout received

Set Timeout to T1

ETS! EXHIBIT 2005



EXHIBIT 2005

145 ETSI ES 200 800 V1.3.1 (2001-10)

Go to Wait_for_Provisioning state

E19 Transmission Control Message received (in Unicast address only) with Stop
bit set

Reset Timeout to T8

Go to ERROR_STOPPEDstate

E20 Transmission Control Message received (in Unicast address only) with Start
bit set OR Timeout received

Set Timeout to Ti

Go to Wait_forProvisioning state

Table A.1 links the timeout of the State Transition Diagramto the timeouts in the ETS 300 800 [24].

Table A.1: TimeOuts NIU SignOn STD

Code(see Def. Conf. Msg.)
ixed 900 ms

2
x2

Random (ResponseCollectionTimeWindow)

    
  

  
  

  
  

 
  
   

see Sign on Requ. Msg.
0x3

 

 Sign On Response -> Rang. and PowerCalibr.
Sign On Resp.-> Initial. Complete
Rang. and PowerCalibr. Resp. -> Rang. and PoerCal.
Rang. and PowerCalibr. Resp. -> Initial. Complete

o;o;=>x

 
 

  
 Idle Interval ee Def. Conf. Msg.
ERRORstate to Wait_for_Provisioning interval x04

ERROR_STOPPEDstate to Wait_for_Provisioning interval |Fixed 10 minutes

aGo|}oRonBLAMi>
|

 

A.2 Connection Establishment

Two cases of connection establishment exist: connection establishmentofthe first or default connection, and
connection establishment of additional connections after the default connection has been successfully established.

If the STB detects the continuousloss of carrier or framing for longer than LofTimeout, then the STB will considerall
connections released and wil! go to the Wait for Login state (T0?).

Default Connection Establishment

This procedure is started after a successful Sign-On and Calibration procedure. A special case exists when the STB
loses the Initialization Complete Message but receives a Connect Message.In this special case, the STB shall proceed
as ifthe Initialization Complete Message had beenreceived.
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EI, From Sign-On, ICM status = 0

DCE 1

(re)Start NiuvConnectTimeout

E3, Receive Connect Message  
E4, from Sign On
Receive Connect Message,
Lost ICM

DCE 2
Stop NiuConnectTimeou
Parse Connect Message

 
  
 

 
 

 
 DCE 3

Send Connect Response
Start NiuConnectConfirmTimeout

E6, from Sign On
New USand/or DS Frequency,
ICM status = 0  

 
 
  

DCE 4

Stop NiuConnectConfirmTimcout
Default Connectionis established
MACState = RUNNING

  
 

Subsequent Connection Establishment

E2, NiuConnectTimeout
go to Sign On(T3) (keep powerlevel)

ES, US and/or DS frequency changed
go to Sign-On (T3) (keep powerlevel)

E7, NiuConnectConfirmTimeout

E8, 4 times NiuConnectConfirmTimeout
go to Sign On(T3) (keep powerlevel)

E9, Receive Connect Confirm Message w/ correct ConnectionID

This procedure can be entered only when the STB hasat least one operating(i.e. not STOPPED via a TCM) connection.

 
 

El, Receive Subsequent Connect Message

 
 

SCE 1

Parse Connect Message 

 
E2, Invalid Connect Message*,

 

 
SCE2

Send Connect Response
Start NiuConnectConfirmTimeout

E3, NiuConnectConfirmTimeout

 

 

go to Sign On (keep powerlevel)
ES, Receive Connect Confirm Message w/ correct ConnectionID

 SCE3

 Stop NiuConnectConfirmTimeout
Subsequent Connection is established 

* Subsequent Connect Message Validity
if (US frequencyis different than the current US frequency) {

message invalid
} else if (Connect Message contains both an IB and OOB DSfrequency) {

message invalid

E4, 4 times NiuConnectConfirmTimeout

} else if (Connect Messagecontains an IB freq and the STB currently has an open connection onadifferent IB freq) {
message invalid

} else if (Connect Message contains an OOB freq and the STB currently bas an open connection ona different OOBfreq) {
message invalid

}
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A.3 Connection Release

The STB may release connections only whenit hasat least one operating (i.e. not STOPPED by TCM) connection.If
the STB hasit is number of connections reduced to one connection then the remaining connection is considered the
default connection.

EI, Receive Connection Release Message 
 
  

  

 
 

CR1

Parse message E2, STB has no operating connections,
exit

 

  
  

 

CR2

STB sends a Connection Release Response Message
for each valid connection.

If any Connection_ID is unknown by the STB,
then the STB shall send zero in the response message.

If Number_ofConnections is zero, then the STB
shall release all open connections.

 

A.4 Reservation Process

The Figure below gives a state diagram ofthe reservation process. The boxes representstates, state-transitions are
represented by arrows. State-transitions are triggered by events, denoted by: "Ex:<event>". Triggers are either the
reception of MAC messagesortime outs. An eventcan lead to a state-transition depending on a condition;thisis
denoted by "Ex:<event>&&<condition>".

A pendingslot is defined as a slot for which no reservation request has been sentyet.

A requestedslot is defined as a slot for which a reservation request has already been sent, but which is not yet granted.

No assigned
y!  reservation_id (*)(**)

El : Reservation_Id
Assignment message

  
E2 : no more

Reservation_Id
 
 
 

  
One ormore (**) :

E3 ; Reservation_Id
Assignment message
or Release Message

Grant && pending) E7: TO
slots

(*) ‘No assigned Reservation_id' State is to be linkedto the state diagram of connection establishment process.
(**) No Time-Outis associated to this state since whentransition shall occuris not in the scope of the presentdocument.
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Reservation_Id Assignment message:
Ifa 'Reservation_Id assignment’ messageis received with a valid connection_id

Send a 'Reservation_id response’ message
Consider new parameters
Go to 'One or more Reservation_Ids assigned!

No more reservationId:
Ifa 'Release' message closesthe last connection with an assigned reservation_id,

Delete all slots allocated in reservation region for this connection
Goto ‘No assigned reservation_id'state

If a 'Reprovisioning' message is received with 'Delete_Reservation_IDs'bit set,
Deleteall slots allocated in reservation region
Goto 'No assigned reservation_id'state

‘Reservation_Id Assignment' message or'Release’ message
If a ‘Release’ message closes the connection with an assigned reservation_id (but notthe last),

Delete all slots allocated in reservation region for this connection
Stay in same state

If a 'Reservation_Id assignment’ message is received with a valid connection_id
Consider new parameters
Send a ‘ReservationIDResponse’ message
Stay in samestate

Reservation slots are required by the NIU:
If Piggy Back allowed and is being implemented

Send Piggy Back request bysetting the appropriate GFC field bit on any upstream ATM cell
of this connection

OR

Senda ‘Reservation Request' message with reservation_id corresponding to the connection
Maintain count of pending slots and requestedslots for this connection
Set a timer to T1 (equal to 'grant_protocol_timeout' associated to the reservation_id)
Go to Wait for reservation grant! state

OR

If(Continuous_PiggyBackTimeout != 0) and (continuous piggybacktimer not elapsed)
Send a ‘Request indication' via Piggybacking in the last granted slot indicating the request of
the minimumnumberofslots possible
If this is the first continuous piggyback request, set timer for continuous piggybackingto
"ContinuousPiggyBackTimeout"
Set timer of the connection to T1 (function of ‘grant_protocol_timeout' associated to the
reservation_id)
Go to ‘Wait for reservation grant’ state

Reservation Grant message granting all requested slots:
Ifa ‘reservation grant’ message grants all the previous requests (i.e. with 'remainingslot_count!
field set to 0) and no pendingslots

Disable active timers

Goto 'One or more Reservation_IDs assigned'state
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Reservation Grant message but requested slots still to be granted:
Ifa 'reservation grant' message grants previous requests (but not all or some with
‘remainingslot_count' field different from 0)

For connection with request not completely granted
Set timer of the connection to T1 (equal to 'grant_protocol_timeout’ associated to
the reservation_id)
Update numberofrequested slots with ‘granted slot count' field
If ‘remainingslot_count'< 15 and (pendingslot_count !=0 or
requested_slot_count != remaining_slot_count)

IfPiggy Back allowed and is being implemented
Send Piggy Back request by setting the appropriate GFC field bit
on the next upstream ATM cell - either a contention based ATM
cell, a reservation based PDU ora fixed access based ATM cell

OR

Send a ‘Reservation Request’ message with reservation_id
corresponding to the connection

Maintain count of pending slots and requested slots for this connection
For completely granted connection

Disabletimerof the connection

Set numberof requested slots to 0 for this connection
Ifpending slots exist

If Piggy Back allowed and is being implemented
Send Piggy Back request by setting the appropriate GFC field bit on
the next upstream message- either a contention based ATM cell, a
reservation based PDU or a fixed access based ATM cell

OR

Send a 'Reservation Request! message with reservation_id
corresponding to the connection

Maintain count of pending slots and requested slots for this connection
Set timer of the connection to T1 (function of 'grant_protocol_timeout'
associated to the reservation_id)

If new slots are required for a connection, update numberof pendingslots.
Stay in same status

Time Out received:

If an active timer ellapsed
Send a reservation status request message for the associated connection

Set timer of the connection to Tl (function of 'grant_protocol_timeout' associated to the
reservationid)
If new slots are required for a connection, update numberof pendingslots.
Stay in samestatus

Time-out T1 is dynamically set by the INA in the 'Reservation_Id_Assignment! message (grant_protocol_timeout
parameter).

A.5

 

Resource Request
The NIU uses the <MAC> Resource Request Message to request a new connection or to change the parameters
associated with an existing connection. In the above cases the resource allocation processis initiated by the NIU. After
this initiation, the connectionsare allocated or changed by the INA using the MACprocesses previously defined.

The following gives a state diagram of the Resource Request Processes,in terms of the processesalready described and
using the terminology as in the previous clauses.
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A.6 Recalibration

The STB mayberecalibrated wheneverit has at least one open (i.e. STOPPED or RUNNING)connection.

| El, Receive Ranging and Power Calibration Message
  
  

 

  
 

RE 1

Parse message E2, STB has no open connections,
exit

 RE 2

STB adjusts transmission parameters within its capabilities
(i.e. use Sign-On E10 specifications).
STB sends Ranging and Power Calibration Response Message
with the actual powersetting used.

 

A.7—Reprovision Message
The STB can be reprovisioned wheneverit has at least one operating connection.

 
  

E1, Receive Reprovision Message

REP 1
Parse message

REP 2

STB sends the Link Management Message

Besides invalid parameter values, the received Reprovision Message will be considered invalid if the message contains both new Cyclic andSlot List
assignments

E2, STB hasno operating connections or message invalid’, exit

E3, New USfrequency, go to Sign-On (T3)

E4, NewUSfrequency, —>|
from Sign-On, ICM status = 0

* Reprovision Message Validity

 

A.8—Transmission Control Message
The Transmission Control Message (TCM)controls aspects of upstream and downstream transmission. The commands
are sent to the STB in either broadcast or singlecast mode. The STB is in one of the following MACstates:

- RUNNING,the STB hasat least one operating connection.

- STOPPED,the STB has received a TCM Stop Upstream Transmission command.

- ERROR,the STB has received an ICM with non-zero CompletionStatusField.

- ERRORSTOPPED,the STB wasin the ERRORstate and received a TCM Stop_Upstream_Transmission
command,

- NONE,the STB has no open connections.
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| El, Receive Transmission Control Message
  

TCM 1
E2, id message *, exit

Parse message > Invalid or? 

 
 

 
 
 

CM 2

Set new MACState**,

Process frequency changes

3, New US freq && MACState= RUNNING,
go to Sign-On (T3)}
 

 EA, Start_Upstream && (OldMACState ==
STOPPED|| Old_MACState ==
ERROR.STOPPED),
G to Sign_On (T3)

 
 

TCM 3

IfMACState == RUNNING,
then Send DMM

ES,
from Sign-On, ICM status =0   
 

* Tovalid TCM

Besides invalid parameter values, the received TCM will be considered invalid if

(Start_Upstream_Transmission && Stop_Upstream_Trans mission) or (Old_Frequency != CurrentFrequency)
in which case the STB will ignore the message.

** new MAC

if (Start_Upstream_Transmission = 0 && StopUpstream_Transmission = 0) {
New_MACState = Old_MACState

} else if (Start_Upstream_Transmission =0 && Stop stream Transmission = 1) {if(Old_MACState == ERROR) New ’State =ERROR_STOPPED

else if (Old_MACState == ERROR_STOPPED) New_MACState= ERRORSTOPPED

else New_MACState = STOPPED

} else if (Start_Upstream_Transmission = 1 && Stop_Upstream_Transmission = 0) {

if (Old_MACState== ERROR) New_MACState = ERROR

else if (Old_MACState == ERRORSTOPPED && Broadcast) New_MACState = ERROR_STOPPED

else New_MACState = RUNNING

 

A.9 Status Request Message
The STB can be queried for status wheneverit has at least one operating connection.

El, Receive Status Request Message

 
 

SR1 E2, STB hasnooperating connections, exit
Parse message

 
 

SR2

STB sends the Status Response Message(s)
If the Status_Type is unknownby the STB,
then it shall send the response with
Response_Fields_Includedset to zero.
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A.10 Idle Message
The Idle Message is sent during periods of Upstream MAC message inactivity that exceeds a non-zero Idle_Interval by
the STB wheneverit has at least one operating connection.
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Annex B (informative):
MACPrimitives

In order to provide a commonwayto interface to the MAC functions, primitives are defined above the MAC Layer.
These primitives are intended to cover both the Cable Modem (CM) and SetTopBox (STB)applications, and the INA
function of the Head-Ends.

The MACresponsibility is mainly:

¢ The synchronization of the STB/CM to the network: (initial physical link set-up) and establishment oftheinitial
Connection.

e The managementof the subsequent Connections between the INA and the STB/CM.(It gets the Connections
allocated by the INA and insures also the functions relative to the various modes of communication, for example
the acknowledgement of contention based transmissions or the reservation requests of bandwidth when needed).

* The periodical Link Management functionsthat insure a correct physical link (for example the powerlevel and
time offset modifications, or the re-assignations of resources requested by the INA).

The interface between MACandthe upper layer has been implemented using primitives. They have beendefined as
usually in the OSI layer model architecture.

Prefix Identifier of the layer that provides the service.
Core Nameofthe primitive, it is relative to the action performed.
Suffix Indication of the data direction.

The advantage ofprimitives is that they provide a clear and deterministic mean of exchange between layers. In addition,
this method permits an easier adaptation work as the final products can be implemented with various physicallinks
between the NIU and the upperentity.

The MAC primitives can be split into two sets:

* The MAC Control and Resource primitives cover the signalling and link management information exchange
between the MAC layer and the management entity of the STB/CM or the INA (clause B.1).

® The MACData primitives coverthe transport of data application payload between the MAClayer and upper
layer entities (clause 8.2).

The primitives correspond to an event. They carry parameters. In order to facilitate their identification and by
consequence their processing they are identified by a unique id.

The id (Primitive_id) is coded on 16 bits. The rules of numberingare:

bl5—b12 : Layer : O= MAC, 1 = DL(other values (2 to OxF) are reserved)

bl : Control/data : 1 the primitive is a control primitive, 0 the primitive is a data primitive

b10—b0 : Primitive Nb: root value of the Primitive_id

The root value of the Primitive_id will be assigned starting from the value 1.

The primitives correspond to the definition of services that are deduced from the features of the MAClayer. But the
various implementations of the present document will probably need more information exchanges based on new
messages for manufacturers specificity. In order to allow the definition and usage of proprietary primitives, the values
starting at Ox7FF and assigned on a decreasing scheme down to 0x400 can beused.

All parameters ofthe primitives are coded in the ordertheyare listed, with the MSBfirst for each parameter. Unless
otherwise noted, the type of the parameters is unsigned integer.
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B.1 Control and Resource Primitives

B.1.1 On STB/CM side

B.1.1.1. <Prim> MAC_ACTIVATION_REQ 
  
 
  

  

 
   
   
Parameter Format Comment |

Primitiveid 16 0x0801
DS_Type 8 Downstream type
DS_IB_Symb_ Rate _Nb 8 Numberof In Band Symbol ratesto try
DS_IB_Symb_Rate_List 16[Nb] List of Symbol rate values (in Ksymbol/s)

8 Number of Frequencies totry
DS_Freq_List 32[Freq_Nb] [List of Frequenciesto try (in Hz) 

The managemententity asks the MAClayerto start the processing of network synchronization.It can provide the type
of Downstream Channel. Thelist of frequencies is passed to accelerate the scanning. If no frequency is mentioned
(FreqNb = 0), the MAC layer will make a scan onthe full set of DVB-RC frequencies.

In Band mode, the requestor canspecify the Symbolrate. If it is not specified (i.e. DS_IB_Symb_Rate_Nb = 0), the
MAClayerwill try all the possible values.

After receiving this primitive, the MAC layer set-up the first frequency and starts the initial synchronization processing
(Provisioning, Default Configuration, Sign-On exchange, Ranging and Power Calibration, Init Complete).

If it is not successful, the processis re-started for each new frequencyofthelist.

[fall given frequencies in thelist fail, a full scan is done.

Whenthe Init Complete messageis correctly decoded, or whenthe full set of frequencies andthe full set of
implemented downstream types has beentried without success, the primitive MAC_ACTIVATION_CNFissent,
specifying the success or the reasonofthe failure.

DS_Type : 0: OOB 1,544 Mbit/s 1: OOB 3,088 Mbit/s 2: IB MPEG 255: All possible

DS_IBSymb_RateNb—: Number of In Band SymbolRate valuesto be used

DS_IBSymbRateList : Table of IB Symbol Rate values, unit is Ksymbol/s

DS_Freq_Nb : Numberof frequencies to try (next parameter)

DS_Freq_List : Table of frequency values, coded in Hertz.

B.1.1.2  <Prim> MAC_ACTIVATION_CNF
Parameter

  

 
 

Format Comment 

 
 

 
 

 
  

 

  

 
Primitive_id 16
Error Code Success or reason ofthe failure

DS_Frequency 32 Downstream frequencyeffectively used
   

DS_Type 8 [Downstream type effectively used
DS _Symb_Rate 16 Downstream In Band symbolrate effectively used (Ksymbol/s)

 

 
 

US Frequency 32 Upstream frequency used
USType Upstream type used
   

INA_ Capabilities Capabilities of the INA

This primitive indicates the result of the MAC_ACTIVATION_REQorthe change of any of the listed parameters (for
example cue to reprovisioning).

Error_code: a value of 0 means the success of the previous Activation Request, any other value will be used to indicate
the reason ofthe failure. The least significant 8 bits are a copy of the Completion_Status_Field of the <MAC>
Initialization Complete Message. If no <MAC> Initialization Complete Message was received, these bits are zero.
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DS_Frequency: Value of the downstream frequency where the MAClocked, in Hertz. Meaningless if
Error_Code # 0.

DS_Type: Downstream Type where the MAC locked (coding see above). Meaningless if Error_Code # 0.

DS_Symb_Rate: Downstream symbolrate in Ksym/s. Meaningless for Out Of Band and if Error_code # 0.

US_Frequency: Upstream frequency used, in Hertz. Meaningless if Error_code # 0.

US_Type: 0: QPSK 256 kbit/s, 1: QPSK 1,544 Mbit/s, 2: QPSK 3,088 Mbit/s, 3: QPSK 6,176 Mbit/s, 4: 16-QAM
512 kbit/s, 5: 16-QAM 3,088 Mbit/s, 6: 16-QAM 6,176 Mbit/s, 7: 16-QAM 12,352 Mbit/s. Meaningless if
Error_code # 0.

INA_Capabilities: A copy of the INA_Capabilities field of the <MAC> Default Configuration Message inorderto
inform the higher layers of the NIU whether the INA is capable of Resource Requests, different encapsulationtypes,
security, [B/OOB,... Meaningless if Error_code # 0.

B.1.1.3 <Prim> MAC_CONNECT_IND  
  
    
 
 
  
 
   

 
  
  
 
 
 
  

 
  

  
  

 
 

   

 
  
 

Parameter [se CommentPrimitive _id 16 0x0803

Connect_Id | Connection identifierRes_Req_ld ? If not null, correspond to the identifier of a previous Resource
Request

US_Fixed_Bandwidth [Upstream capacity of the connection in Fixed rate mode
16 The frame length for fixed rate connections

US_Fixed_rate_distance 32 The distance between frames, for fixed rate connections
DS_VP_VC_valid 8 Validity flag of the 2 next fields

DS_VPI 8 VPI value to be filtered in downstream for this connection
DS_VCI 16 VCI value to be filtered in downstream for this connection

US__ frequency : 32 The upstream frequency for this connectionUS_VP_VC_valid 8 Validity flag of the 2 next fields
US_VPI | 8 VPI value to be used in upstream for this connection

US_VCl * VCI value to be used in upstream for this connectionPID_valid Validity flag of the nextfield

PID MPEG PID value of the connectionMAC_add_valid 2
MAC_add 48 DSM-CC header MAC address of the connection

Encapsulation 8 Type of encapsulation for this connection
US_modulation_valid 8 of the nextfield
US_modulation 3 The US modulation of the new connection

Priority_valid 8
Priority 8 Copy of the <MAC> Connect Message parameter
DS_Flowspec_valid Validity flag of the next 3 fields
Max_packel_size 16 Copy of the <MAC> Connect Message parameter

 
  

Average_bitrate 16 Copy of the <MAC> Connect Message parameter
8 Copy of the <MAC> Connect Message parameter
8 Validity flag of the next 10 fields

32 Control field for US session binding

32 Copy of the <MAC> Connect Message parameter

 
 

  
 

 
 

US_binding_ valid
US _session_control_field
NIU_client_source IP add

 
 
    
 
 
 

 
 
  

 

 

NIU_client_destination_IP_add 32 Copy of the <MAC> Connect Message parameter
NIU_client_source_port 16 Copy of the <MAC> Connect Message parameter
NIU_client_destination port 16 Copy of the <MAC> Connect Message parameter
Upstream_transport_protocol 8 Copy of the <MAC> Connect Message parameter
NIU_client_source MAC _add 48 Copy of the <MAC> Connect Message parameter

NIU_client_destination_MAC_add 48 Copy of the <MAC> Connect Message parameter
     

  
 

 
 

  

US_internet_protocol Copy of the <MAC> Connect Message parameter
US_session_ID Copy of the <MAC> Connect Message parameter

_bindi i 8 Validity flag of the next 10 fields
DS _session_control_field Control field for US session binding
INA_client_source_IP_add 32 Copy of the <MAC> Connect Message parameter __
INA_client_destination_IP_add 32 Copyof the <MAC> Connect Message parameter
INA_client_source_port 16 Copy of the <MAC> Connect Message parameter
INA_client_destination_port 16 Copy of the <MAC> Connect Message parameter
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Comment

of the <MAC> Connect Messageparameter |
of the <MAC> Connect Message parameter

INA_client_destination_MAC_add of the <MAC> Connect Message parameter
DS_internet_protocol Copy of the <MAC> Connect Message parameter
DS_session_|D of the <MAC> Connect Messageparameter

Format
8 Parameter

Downstream_transport_protocol
INA_client_source MAC _add

 

  
   

  
  
 
  

This primitive indicates that the MAC layer has received a Connect Message from the INA. The connectionis either:

* the Default Connection (Connect Message) sent by the INA just after the Initialization Complete message (first
connection);

¢ asubsequent Connect message;

e an_answerto a Resource Request previously sent by the CM/STB (see Resource Request primitive);

e an indication of a change in the connection characteristics after reception of a Reprovisioning message.

Connect_Id: Is the identifier of the connection.

ResReqId:If equal to 0, the connection corresponds to a spontaneous Connect Message coming from the INA,ifnot
null, is the id of the corresponding Resource Request.

US_Bandwidth: Gives the upstream transfer capacity in Fixed Rate mode (in slots/1200 ms). Zero if no fixed rate slots
have been given by the INA.

US_Frame_length: The upstream frame length (slots), as given in the connect message, for fixed rate connections.

US_Fixed_ratedistance: The distance between frames, for fixed rate connections as given in the connect message.

DS_VPI/DS_VCI: VPI/VCIpair if the Downstream CBD is mentioned in the Connect Message.

US_frequency: The connection upstream frequency, as mentioned in the connect message.

US_VPI/US_VCI: VPI/VCIpair of the Upstream CBD, whenthis parameter is mentioned in the Connect Message
(This parameteris provided for implementations that compose the AALS CPCS-PDUoutside the MAClayer).

PID_vatid: The PID inthe nextfield is valid (0 means invalid parameter).

PID: In IB, the connection uses this PID. (This parameter is provided for implementations that insure data filtering
outside the MAC layer).

MACadd: In IB/MPE, a Mac address can be provided for multicast. (This parameter is provided for implementations
that insure section filtering outside the MAC layer).

Encapsulation: Type of encapsulation provided. Correspondto the samefield in the Connect message(ie. Direct_IP,
Ethernet_Mac_Bridging, PPP).

US_modulation_valid: The modulationin the nextfield is valid.

US_modulation: The upstream modulationof the new connection(as given in the connect message).

B.1.1.4  <Prim>MAC_RSV_ID_IND
Parameter Comment

Primitive_id 0x0804
Connect_Id Connection identifier

Res_Req_Id 8 If not null, correspondto the identifier of a previous Resource Request

 
 
     

This primitive indicates to the upper layerthat the connection can use Reservation mode from this time. It can be an
answer to a previous Resource Request.

Connect_Id:Is the identifier of the connection.
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Res_Req_Id: Ifequal to 0, the Reservation Id correspondsto a spontaneous Reservation ID Assignment message
coming from the INA.if not null, it gives the Identifier of a previous resource request.

B.1.1.5 <Prim> MAC_RELEASE_IND 
Parameter

Primitive id
Connect_Id

Res-Req_ld

 

     
Comment 
 
 

 
{f not null, correspondto the identifier of a previous Resource Request
 

The MAClayerindicates that it has received a Release messagefor this connection from the INA.

Connect_Id:Is the identifier of the connection.

Res_ReqId: If equal to 0, the primitive corresponds to a spontaneous Release message coming from the INA.If not
null, it gives the Identifier of a previous Resource Requestfrom the upperlayer requesting the release,

B.1.1.6 <Prim> MAC_RESOURCE_REQ 

Parameter

Primitive_id

 
 

 

Connect_lId
Resource Type

US_ Bandwidth

8 
Format Comment

16 0x0806 |
32 Connection identifier

Type of Resource requested

32 Upstream transfer capability

LSB to be copied to the corresponding flag in the <MAC> 
  
 

To be copied to the <MAC> Res Req Message
 
  

Slot_distance 16 Distance between slots requested

Encapsulation 8 Type of encapsulation
Admit_flag 8

Res Req Message
Priority_valid 8 Validity flag of the nextfield

8

8 Validity flag of the next field
 

6
8
 To be copied to the <MAC> Res Req Message

Validity flag of the next 3 fields 

 To be copied to the <MAC> Res Req Message
 

 

 
 To be copied to the <MAC> Res Req Message

To be copied to the <MAC> Res Reg Message
 

US_session_control_ field

 
 

NiU_client_source IP add  

NIU_client_destination IP_add

 
 

 Validity flag of the next 10 fields
Control field for the US session binding
To be copied to the <MAC> Res Reg Message
To be copied to the <MAC> Res Req Message
  

 
 

 
 

 
 

  
      
  

 
 

  

 
 

  

 DS_bindin  
 

  

  
 
 

 
 

INA_client_destination_IP_add
INA_client_source_port
INA _client_destination_port

 

 

 

 
 

NIU_client_source_port 16 To be copied to the <MAC> Res Req Message
NIU_client_destination_port 16 To be copied to the <MAC> Res Reg Message
Upstream_iransport_protocol | 8 To be copied to the <MAC> Res Reg Message
NIU_client_source_MAC_add 48 To be copied to the <MAC> Res Req Message
NIU_client_destination _MAC_add 48 To be copied to the <MAC> Res Req Message
US_internet_protocol 16 To be copied to the <MAC> Res Req Message
US_session_ID 32 To be copied to the <MAC> Res Req Message

valid 8 Validity flag of the next 10 fields
DS_session_control_field

INA _client_source_IP_add 32 To be copied to the <MAC> Res Req Message
 

To be copied to the <MAC> Res Req Message

 
To be copied to the <MAC> Res ReqMessage
 

To be copied to the <MAC> Res Req Message
  

 
Downstream_transpori

   

 
Ta be copied to the <MAC> Res Req Message 
 

 
 

INA_client_source MAC_add

INA_client_destination_MAC_add
DS_internet_protocol  

 To be copied to the <MAC> Res Req Message
To be copied to the <MAC> Res Req Message
 
 
 

 
To be copied to the <MAC> Res Req Message
To be copied to the <MAC> Res Req Message

 
 DS _session_|D  
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This primitive is used by the upper layerto ask for new resource. The MAClayer will send a Resource Request
message to the INA.

Asspecified in the Resource Request message definition, upper layer can ask for a new connection, or a new upstream
capacity (fixed rate bandwidthora reservation id), or a connectionrelease.

The final answer to this request shall be either a MAC_CONNECT_IND, ora MAC_RSV_ID_IND,ora
MAC_RELEASEIND ora MAC_RESOURCE_DENIED_IND,

ConnectId:Is the identifier of the connection,if it exists. If the connectionis for packet cable application, the number
is the gate numberassociated with the connection(even if the connection does not exist).

ResourceType: Type of Resource requested:

Bit field

bit 0 (0x01): a reservation id

bit 1 (0x02): a new connectionin fixed rate mode

bit 2 (0x04): a new connection in cyclic fixed rate mode

bit 3 (0x08): upgrade bandwidth of an existing connection

bit 4 (0x10): release of an existing connection

bits 5 to 8: reserved (mustbe set to 0)

US_Bandwidth: Requested bandwidth for Fixed rate mode, unit is slots/1200 mS.

Slot_distance: Whencyclic assignmentis required, maximum distance betweentheslots, unit is in slots.

Encapsulation: Type of encapsulation requested. Corresponds to the samefield in the Connect Message(i.c. Direct_IP,
Ethernet_Mac_Bridging, PPP).

B.1.1.7 <Prim>MAC_RESOURCE_CNF

[ Parameter [Format | Comment
Primitive_id 16 0x0807

Res ReqId 8 Identifier of the Resource Request

After reception of a MAC_RESOURCE_REQ,the MAClayersends the Resource Request message to the INA,it
creates an identifier and indicates it to the upper layer in order to identify the subsequent answer.

ResReqId: The identifier of the last MAC_RESOURCE_REQreceived by the MAC.

B.1.1.8 <Prim>MAC_RESOURCE_DENIED_IND
Parameter Format Comment

Primitive_id 16 0x0808

Res Req_Id 8 Identifier of the Resource Request

  
 
  

   

  

    
 

This primitive indicates the reception of a Resource Denied Message,it is received after a Resource Request that has
beenrefused by the INA.

ResReqId: The identifier of a previous Resource Request that has been denied by the INA.
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B.1.2 OnINA side

B.1.2.1 <Prim> MAC_INA_RESOURCE_REQ

 

 
 

 
 

 

0x0811

rimitive_Request_ID|16__|Identifies the Primitive RequestUlu

 
 

MAC_address MACaddressof the NIU to which a new connectionis
requested.
Connection identifier; 0 or packet cable gate ID for anew
connection

[ResourceTypeCid8Type of Resource requested
US_Bandwidth|32[Upstream Bandwidth requested

lot_distance Maximum Distance betweenslots in upstream requestedwo

 The frame length forfixed rate connections

Encapsulation OO
PriorityvalidCT

Priority8 [Tobe copied to the corresponding <MAC> Message
DS_Flowspecvalid|___|Vallidity flag of the next 3 fields

7h

  
 

 

 Type of encapsulation requested. Corresponds to the same
field in the Connect Message(i.e. Direct_IP,  Ethernet. Mac_Brid

 
ing, PPP).

Uv Validity flag of the nextfield
7U
Vv

Witter8[Tobecopiediothecorresponding<MAC>Message
\US_bindingvalidsd8S_s[Vaalicity flag of the next 10 fields
|32S_session_control_field 32 Controlfield for the US session binding

IU_client_source IP add|32_[To be copied to the corresponding <MAC> Message
T - -

qj

Z|C
IU_ client. destination IP_add © be copied to the corresponding <MAC> MessageZz

To be copied to the corresponding <MAC> Message

[Upstream_transport_protocol|8[Tobecopiedtothecorresponding<MAC>Message
   c

  
48

Zz  

 
 
 
 
 
 
 

 

  DS_session_control_field

NA_client_source_IP_add|32_[To be copied to the corresponding <MAC> Message

|Downstreamtransportprotocol[|——8__—s[To.becopiedtothecorresponding<MAC>Message

IDSsessionIDS™~*~é‘“‘;C™S™SCSC82 so. be cried to the <IMAC> Res Reg Message 

This primitive is used by the upperlayer to ask for a new resource. The upperlayer can ask for a new connection, for
the modification of an existing connection(e.g. fixed rate bandwidth or a reservation id), or for a connection release.
The answer to this request shall be a <Prim> MAC_INA_RESOURCEIND,

Primitive_Request_ID:

MACaddress: MAC address of the NIU concerned by this request.

Connect_Id: Is the identifier of the connection,if it exists.

Resource_Type: Type of Resource requested:

Bit field

bit 0 (0x01): a reservation id
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bit 1 (0x02): a new connectionin fixed rate mode

bit 2 (0x04): a new connectionin cyclic fixed rate mode

bit 3 (0x08): upgrade bandwidth of an existing connection

bit 4 (0x10): release an existing connection

bits 5 to 8: reserved (mustbe set to 0)

US_Bandwidth: Requested bandwidthfor Fixed rate mode, unit is slots/1 200 mS.

Slot_distance: When cyclic assignment is required, maximum distance betweentheslots, unit is in slots.

US_Framelength: The upstreamframe length (slots), as given in the connect message, forfixed rate connections.

Encapsulation: Type of encapsulation requested. Corresponds to the same field in the Connect Message(i.e. Direct_IP,
Ethernet_MacBridging, PPP).

B.1.2.2 <Prim> MAC_INA_RESOURCE_IND

Format [Comment
16 [0x0812

STU/Headend Network Adapter

32__|Connectionidentifier
[TypeofResourceallocated
[Specifiesthetypeoferror,ifhappened;zerofornoerror|
Upstream Bandwidth allocated

[MaximumDistancebetweenslotsinupstreamassigned_|
[Theframelengthinslots,forfixedrateconnections
Type of encapsulation assigned. Corresponds to the same
field in the Connect message(i.e. Direct_IP,
Ethernet_Mac_Bridging, PPP).
Validity flag of the next field

  

 
 

 
 
 
 

  

 

Parameter
Primitive ID

Primitive_Request_ID

Connect_Id
Resource_Type

rror_ Code

S_Bandwidth
lot_distance
rame_length

Encapsulation

 =/oa]orloo= |]No[PooO
 

U riority_ valid    
  

Priority [Copyofthecorresponding<MAC>Message
IDS_Flowspecvalid Validityflagofthenext3fields
[Maxpacketsize————S—~—~—~dTCSCésiésIS [Copyofthecorresponding<MAC>Message
AveragebitrateSsCTS ([Copyofthecorresponding<MAC>Message
iter [Copyofthecorresponding<MAC>Message
[US_bindingvalid [Validityflagofthenext10fields

32 Control field for US session binding
32 Copy of the corresponding <MAC> Message

INIU_client_destinationIP_add_——s|_—32___—s[Copyofthecorresponding<MAC>Message
16 Copy of the corresponding <MAC> Message

Copy of the corresponding <MAC> Message
[Upstreamtransportprotocol——«||~—8~—__—s[Gopy of the corresponding <MAC> Message

INIU_client_sourceMAC_add——s[_—48__—«([Copyofthecorresponding<MAC>Message
INIU_client_destinationMAC_add[48[Copyofthecorresponding<MAC>Message
[US_internet_protocolsssd]S16[Tobecopiedtothe<MAC>ResReqMessage
[USsessionIDsSSCSCSC*dECsC*S8~SsTbeCopiedtothe<MAC>ResReqMessage
[DS_bindingvalidSC*‘L#C“C(‘s‘S'=Vaalidityflagoofthenexi10fields
[DS_session_controlfield———S«|~—S«32___—*([ControlfieldforDSsessionbinding
INA_client_sourceIP_add_———S*d|_~—«32__—[Copyoofthecorresponding<MAC>Message
INAclientdestinationIP_add|32[Copyofthecorresponding<MAC>Message
INA_client_sourceport—s—SSSC*d|S16——*[Copyofithecorresponding<MAC>Message
INAclientdestinationport—=—S—sd|=~16——«([Copyofthecorresponding<MAC>Message

Downstreamprotocolss(<s—s—‘iT:SSS8S «Copy of the corresponding <MAC> Message
Copy of the corresponding <MAC> Message

lINA_client_destinationMAC_add[__—-48~—_—([Copyofthecorresponding<MAC>Message
IDSinternet_protocol—s——SSSC*dsSS6~[Tobecopiedtothe<MAC>ResReqMessage
IDS-sessionID“SCSCSC™~—~iLSC‘é‘S2«SSCbe@copietothe<MAC>ResReqMessage  
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This primitive indicates that the MAC layer has changed or released an existing connectionor established a new
connection. The connection is either:

e the Default Connection (Connect Message sent by the INA justafter the Initialization Complete message);

* asubsequent Connect message;

¢ an answerto a Resource Request previously sent by the CM/STB (see Resource Request primitive);

e an indication of a change in the connection characteristics after reception of a Reprovisioning message.

Primitive_Request_ID:

Connect_Id:Is the identifier of the connection,if it exists

Resource_Type: Type of Resource requested:

Bit field

bit 0 (0x01): a reservationid

bit 1 (0x02): a new connectionin fixed rate mode

bit 2 (0x04): a new connectionin cyclic fixed rate mode

bit 3 (0x08): upgrade bandwidth of an existing connection

bit 4 (0x10): release an existing connection

bits 5 to 8: reserved (must be set to 0)

Error_Code:Ifnot Null, the primitive is an answer to a previous MACResourceREQ,andthe request failed. The
Error_Code value correspondto the problem (TBD)

If value is 0, the Resource has been successfully set.

DS_Bandwidth: Downstream Bandwidth requested. Unit t.b.d.

DS_Jitter: Max. jitter in downstream requested. Unit t.b.d.

US_Bandwidth: Requested bandwidth for Fixed rate mode, unit is slots/1 200 mS.

Slot_distance: When cyclic assignmentis required, maximum distance between the slots, unit is in slots.

Encapsulation: Type of encapsulation requested. Corresponds to the same field in the Connect Message(i.e. Direct_IP,
Ethernet_Mac_Bridging, PPP).

User_Port_valid: Validity flag of the next parameter (0 means invalid parameter),

User_Port_ID: Low latency Telephoneport id

Add_Port_Type: Bit field that specifies TCP/UDP Port numberandIP addressvalidity:

bit 0: next IP address fields are valid

bit 1: next Port nb fields are valid and are TCP port

bit 2: next Port nb fields are valid and are UDP port

bits 3 to 7: Reserved (mustbe set to 0)
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B.2 Data Primitives
 

 In this clause, two sets of primitives are presented. Thefirst one at the Data Link level, the second at the MAClevel.
One, and only one of them has to be used, the choice will depend on the CM/STB or INA respective
implementations.
 

The DL_ primitivesseries is related to implementations where the MAC DVB-RCentity insures also the LLC function,
(in that case, it is in fact a Data Linklayer).

* {nOOB,it consists in AALS reassembly and datagram recomposition following the encapsulation modeof the
connection(i.e. Direct IP, Ethernet MAC bridging, PPP). The unit data are the datagrams.

® InIB, it consists in the MPE protocol filtering before datagram recomposition as in OOB.

The MAC_primitives series is intended to be used in systems where the MACentity uses its native SDU as interface
with the upper layer.

® InOOB, the ATM cells are the unit data exchanged.

® InIB, the downstream data unit is the payloads of the MPEG2_TSframe, the upstreamdata unit is the ATM
cells.

B.2.1. <Prim> DL_DATA_IND

Primitive_ID
Comment

x1001

Length of the data buffer containedin the primitive
Data buffer 8[Length] eceived Datagram

|_Format__|i

Connect, ID|32.~——_—s{Connection identifier 
This primitive is used to transfer the application data filtered by the MAC layer. The Connection identifier can be used
to multiplex more efficiently the buffer when several connections exist.

B.2.2 <Prim> DL_DATA_REQ
Comment

Ox1002
32
16

Connect_ID|32.___{Connection identifier
Length
Data buffer 8{Length] atagram to be transmitted

ength of the data buffer contained in the primitive 
The MAClayeris asked to transmit a network layer datagram. It will insure the segmentation function (and will use, in
the NIU case, the upstream transmission modeof the connection).

B.2.3. <Prim> MAC_DATA_IND

  
 

 
 

  
  

    Format Comment

[DataTypess|8TypeofData(ATMcellsorMPEGpackets)
Data Unit Nb|8s[Numberof ATM cells/MPEGpackets containedin the primitive
Data_Unit_list 8[Unit Nb List of ATM Cells/MPEG packets

In OOB, when ATMcells whose VP/VC correspondto the value sent in a previous Connect Message, the MAC layer
will then extract them fromthe physical frames and transfer to the application using this primitive. The broadcast
VP/VC will also be taken into account.
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In IB, the MAClayerfilters the PID of the application, then extract the payload and passes it to the upper layer.

B.2.4 <Prim> MAC_DATA_REQ

Primitive ID 16 0x0002
Connect_ID 32 Connection identifier

US_ mode (NIU onl Modeof Upstream transmission
ATM Cells Nb Number of ATM cells/MPEG packets contained in the primitive

ATM _Cells_List 8[ATM_Nb] _|List of ATM Cells/MPEG packets

Content_retry_count|8_|Numberof retries in Contention mode 
The upper layer asks the MAClayerto transmit messages. The data is formatted as a variable list of ATM cells/MPEG
packets.

In case of the NIU, the MAClayeris able to execute the transmission inthe three modes defined by ETS 300 800 [24].
It is mentioned by the upper layer in the parameter US_modethat can take the following values:

Contention mode: As the ATM cells are transmitted in Contention regionslots, each upstream packet must be
acknowledged by the INA before the MAC layer sends the next one. If one acknowledgementis negative, the MAC
layer will send it back "Contention_retry_count” times before stopping the transmission and indicating the error thanks
to the MACDATACONF primitive.

Reservation mode: Before sending the upper layer message, the MAC layer mustask for reserved slots by sending a
Reservation Request message to the INA. Whenthe reserved slots are allocated (Grant message), the MAC layer uses
these slots to transmit the application message. Another case of reservation mode occurs whenthe upper layer asks for
transmission in Contention mode, and the number of ATM cells exceeds the number of ATM cells permitted in
Contention mode.

Fixed Rate mode:In this mode, the upper layer asks the MAC layer to use the Fixed Rate slots allocated to the
connection.

B.2.5 <Prim> MAC_DATA_CONF
Comment

Primitive_ID 0x0003
Connect_ID ion i ifi

 

Connection identifier

Data_Unit_Nb Number of ATM cells/MPEG packets effectively transmitted
US_mode (NIU onl issi iThe transmission mode effectively used

 Result 32 Successor reasonofthe failure. A value of 0 means the success of

peprevious Data Request, any other value will be used to indicatethe reason of the failure (as mentioned below

|8
|

This primitive is sent as an answer to a previous MACDATAREQ.

The Result parameter specifies the result ofits execution. It can take the following values:

~ "OK": The transmission succeeded.

- "Contention_Error": (NIU only) Contention_retry_count slots have not been acknowledged (in Contention
mode), the transmission has stopped.

- "Reservation_Failure": (NIU only) The reservation request did not succeed (no answer from the INAto the
request).

- "Reservation_Abort": (NIU only) Reservation request can be answered by several consecutive Grant messages,
the sum ofslots allocated in the successive Grant messages must then be equalto the requested number. This
error occurs when Grant messages do not complete the numberofslots in a pre-defined time-out.

- "Mode_Not_Permitted": (NIU only) If the application wants to use a transmission mode not allowed to this
connection.
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- "UnknownError": Error not identified.

 

B.3. Example MAC Control Scenarios

B.3.1 Example MAC Control Scenario on STB/CM Side

<Prim> MAC_ACTIVATION_REQ

q- — — — — £<MAC> Provisioning Msg

~@- —— — — —  <MAC> Default Config Msg

~@ — — -—— — <MAC> SignOn Requet Msg

-_— — =—i  KMAC> SignOn Resp Msg

~<@q- — — — — <MAC> RangingPower Msg

—_ — —— — —p <MAC> RangingPowerResp Msg <Prim> MAC_ACTIVATION_CNF << — — — —__<MAC?Init Complete Msg (1)
(1) if <MAC> Init Complete Msg is not received,
<Prim> MAC_ACTIVATION_CNFshall be sentjust before
the <Prim> MACConnect Message.
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B.3.2 Example Resource Management Scenario on STB/CM Side

<Prim> MAC_RESOURCE_REQ

<Prim>MAC_RESOURCE_CNF <MAC> Resource Req Msg—~--------->

~q@- — — — — <MAC> Connect Msg — — — — & <MAC> Connect Response Msg

<Prim> MAC_CONNECT_IND
<< — — — — <MAC> Connect Confirm Msg

<MAC> Reservation ID Msg<Prim> MAC_RSV_ID_IND + —-—-

|
|

<Prim> MAC_RESOURCE_REQ |
SSEEEamemeamenmeoon

<Prim>MAC_RESOURCE_CNF <MAC> Resource Req Msg=err—aS eee eee

~@- —— — — — <MAC> Release Msg
<Prim> MAC_RELEASE_IND

—_ — —_ -_ > <MAC> Release Response Msg 
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B.3.3 Example Resource Management Scenario on INA Side

<Prim> MAC_INA_RESOURCE_REQ
(Connect)

-— OC=<MAC> Connect Msg 
 

 
 

~g — — — — <MAC> Connect Resp Msg

<Prim> MAC_INA_RESOURCE_IND
(Connect)

— — — — ©=<MAC> Connect Confirm Msg

<Prim> MAC_INA_RESOURCE_REQ
(Release)

-— — — —P <MAC> Release Msg

<Prim> MAC_INA_RESOURCE_IND
(Release)

~q- — — — — <MAC> Release Resp Msg
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B.3.4 Example Upstream Data Transfer Scenarios
Contention mode

<Prim> MAC_DATA_REQ

 
 

 
 

<Prim> MAC_DATA_CONF

Fixed rate mode

<Prim> MAC_DATA_REQ

<Prim> MAC_DATA_CONF

Reservation mode

<Prim> MAC_DATA_REQ

<Prim> MAC_DATA_CONF

ETS!

Contention slot

—Se>_>

Acknowledged
<4 —-—————

Contention slot
>_>

Acknowldedged
q-——————

Fixed slot

—->

Fixed slot
>

Fixed slot

Reservation Req Msg

TT>

Reservation Grant Msg
<---

Reserved slots
—_>
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