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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 IPRs, if any, is publicly available for ETSI members and non-members, and can be found
in ETR 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETSI in respect of
ETSI standards", which is available free of charge from the ETSI Secretariat. Latest updates are available on the ETSI
Web server (http://www.etsi.fr/ipr).

Pursuant to the ETSI Interim IPR Policy, no investigation, including IPR searches, has been carried out by ETSI.
No guarantee can be given as to the existence of other IPRs not referenced in ETR 314 (or the updates on
http://www.etsi.fr/ipr) which are, or may be, or may become, essential to the present document.

Foreword
This Technical Report (TR) has been produced by the DVB Project and submitted for publication to the Joint Technical
Committee (JTC) of the European Broadcasting Union (EBU), Comité Européen de Normalisation ELECtrotechnique
(CENELEC) and the European Telecommunications Standards Institute (ETSI).

The present document has been produced by the specialized group DVB-RC of the Technical Module of the DVB
Project. An interest group, made-up by the European Satellite Operators, has reviewed and agreed the text, based on the
contributions made by the European DIGISAT project.
The DIGISAT project is an European project of the ACTS Programme, partially funded by the European Commission,
and with the sponsorship of the European Space Agency (ESA).
Advanced Communications, Technologies and Services (ACTS) is the European Commission Research and
Development Programme. One of its projects is DIGISAT, which has contributed significantly to the solutions of
Interaction Channel for SMATV networks, described in the present document.

NOTE: The EBU/ETSI JTC was established in 1990 to co-ordinate the drafting of standards in the specific field
of broadcasting and related fields. Since 1995 the JTC became a tripartite body by including in the
Memorandum of Understanding also CENELEC, which is responsible for the standardization of radio and
television receivers. The EBU is a professional association of broadcasting organizations whose work
includes 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
Case Postale 67
CH-1218 GRAND SACONNEX (Geneva)
Switzerland
Tel: +41 22 717 21 11
Fax: +41 22 717 24 81

Digital Video Broadcasting (DVB) Project

Founded in September 1993, the DVB Project is a market-led consortium of public and private sector organizations in
the television industry. Its aim is to establish the framework for the introduction of MPEG-2 based digital 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 consumer electronics and the
broadcast industry.
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Introduction
The present document provides guidelines and recommendations for the implementation of an Interaction Channel (IC)
based on two way satellite links, to users connected to Satellite Master Antenna Television (SMATV) systems.
The system provides the IC through the concatenation of a satellite section and a coaxial section (see figure 1) in a
seamless fashion. Guidelines and recommendations provided in the present document are valid for the implementation
of very cost effective solutions matched to the SMATV scenario as well as for the reuse of already operating satellite
networks which are currently installed in a huge amount of buildings throughout Europe.
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STU NIU

NIU STU

NIU STU

NIU STU

STU NIU
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Grouping Terminal

NIU : Network Interface Unit
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Interactive
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Figure 1: DVB Interaction Channel for SMATV System overview

Research and Development activities carried out in the frame of the ACTS European Research Program have
demonstrated the feasibility of the Interaction Channel for SMATV based on satellite and coaxial sections.
Tests and demonstrations show that this concept is a short term reality and that preliminary prototypes are available
supported by the European industry.

The present document describes the key points of the system to cope with the commercial requirements established at
the DVB for asymmetric interactive services supporting broadcast to home with narrow-band return channel
DVB Project (A008) [8].

The system described in the present document is an open system allowing the inter-operability between the two sections
irrespective of the technology supported. Guidelines are provided in this sense, allowing the use of alternative
technologies for each section (satellite and coaxial cable) with the aim the users or operators can select the technology
best suited for each situation depending on the type of SMATV network, required services, quality of services, number
of users, traffic requirements, etc.

The SMATV coaxial section solutions described in the present document allow also the use of alternative delivery
media such as terrestrial, microwaves, etc., facilitating in this way inter-operable DVB-RC systems for the SMATV
environment.

The system described in the present document is compatible with the DVB network independent protocols for
interactive services ETS 300 802 [12].
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The present document provides reference examples for the implementation of an Interaction Channel system to cope
with two different scenarios:

Scenario A:

An environment of asymmetric interactive services supporting broadcast to home with narrow-band return
channel.
It means the typical broadcasting scenario enhanced with low capacity interactive services, which implementation
is foreseen to be massive in a short period of time.
Provided that the power required for the Satellite Interactive Terminals (SIT) within this scenario is rather low
and considering that the use of very low cost terminals is required, the SIT becomes a differentiated concept from
the typical Very Small Aperture satellite Terminal (VSAT) applications, currently working in the professional
environment rather than in the consumer one, mainly because of the expected higher number of SIT.

Scenario B:

An environment oriented towards wide-band Multimedia services, where the satellite based infrastructure can
play a very effective role.

The generic DVB reference model for interactive systems is followed by the system described in the present document.
The Interaction Network is split into a satellite section, a coaxial section and an interface in-between. The satellite
section provides the two ways communications between the roof of each building (Grouping Terminal (GT) at the
SMATV head-end) and the service provider premises. The coaxial section provides the two ways communications
between each User Terminal (UT) and the GT at the SMATV head-end which is located at the roof of each building.

The Satellite Interactive Terminal (SIT) is the key equipment of the satellite section, which is composed by the RF
antenna subsystem and the satellite modem to provide inter-activity to the SMATV users. One SIT would be needed per
building although in some cases it might be convenient to collect the interaction traffic of several adjacent buildings into
a single GT. For the satellite section, implementation examples are given for both identified scenarios and for different
satellite network technologies such as Code Division Multiple Access (CDMA) and Time Division Multiple Access
(TDMA) with the aim of showing the feasibility to implement open and inter-operable systems based on existing
standards. In order to provide purely illustrative implementation examples, specific sizing examples are provided for
hypothetical services and traffic scenarios, deriving antenna sizes, power required, possible configurations, etc.

The GT at the SMATV performs the collection and the distribution of information coming from and going to the UTs. It
is composed by the GT Interactive Network Adapter (INA), the Medium Access Control (MAC) functions and the
interfaces with the SIT in order to collect/distribute the information in the SMATV coax network related to each UT's
Interactive Interface Module (IIM). For the coaxial section a subset of the options provided by the
DVB-RC-CATV (ETS 300 800 [9]) is recommended allowing a system simpler than the CATV one, thus matching the
requirements of the SMATV scenario. One of the key elements of the SMATV scenario with respect to the CATV one is
that the GT at the SMATV head-end is an equipment of a consumer type in a similar way as the Set Top Box (STB) is,
although the SMATV head-end cost is shared among the users connected to the same SMATV network. Although the
system proposed for the coaxial section is applicable for an extended range of SMATV systems, very small SMATV
systems with a reduced number of users might require alternative optimized coaxial section solutions.

The interface between the coaxial and the satellite sections is defined with the aim of facilitating the interoperability
between subsystems from different vendors and technologies. In principle a very low cost interface, RS-232 based, is
recommended although alternative interfaces are identified in order to allow the use of existing equipment as well as to
facilitate the provision of Multimedia broadband applications as identified in the scenario B above.

Due to the fact that the cost of the system is one of the major driving factors to ensure the commercial feasibility of
Interaction Channel for SMATV, the system proposed takes advantage of the natural grouping of users in an SMATV
system for sharing the cost of the SIT and the Grouping Terminal (GT) among the number of users living in the same
building. The conclusion reached on the feasibility of the Interaction Channel for SMATV networks is also supported by
the cost studies carried out to check the compliance against the DVB Project's Interactive Services Commercial Module
(ISCM) user requirements.

Information on the key parameters of the existing ETSI standards on VSAT applicable to the SIT for the SMATV
networks, are provided in order to check their adaptation to this scenario where profiles of consumer terminals should be
reached, as well as to identify any potential action in the corresponding standardization bodies.
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Alternative DVB Interaction Channel (IC) systems may be also used by SMATV users, as for example the
Public Switched Telephone Network / Integrated Services Digital Network (PSTN/ISDN) (EN 300 801 [11]) and
the wireless Digital Enhanced Cordless Telecommunications (DECT) solutions (EN 301 193 [26]).

The reference model is described in clause 4. In clause 5 the system proposed for DVB Interaction Channel (IC) for
SMATV based on satellite and coaxial sections is described and recommendations are provided for the satellite section,
the coaxial section and the interface between them. In clause 6 implementation examples of SIT implementation are
provided for the two identified scenarios and for several configurations as illustrative examples. Annex A provides
examples of satellite link budgets. Annex B provides information on the key parameters of the existing ETSI standards
in reference to SIT.
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1 Scope
The present document provides guidelines and recommendations for the implementation of an Interaction Channel (IC)
based on two way satellite links, to users connected to Satellite Master Antenna Television (SMATV) systems.
The system provides the IC through the concatenation of a satellite section and a coaxial section in a seamless fashion.
Guidelines and recommendations provided in the present document are valid for the implementation of very cost
effective solutions matched to the SMATV scenario as well as for the reuse of already operating satellite networks
which are currently installed in a huge amount of buildings.

The system described in the present document is an open system allowing the inter-operability between the two sections
irrespective of the technology supported. Guidelines are provided in this sense, allowing the use of alternative
technologies for each section (satellite and coaxial cable) with the aim the users or operators can select the technology
best suited for each situation depending on the type of SMATV network, required services, quality of services, number
of users, traffic requirements, etc.

The present document provides reference examples for the implementation of an IC system to cope with two different
scenarios:

Scenario A: asymmetric interactive services supporting broadcast to home with narrow-band return channel.

Scenario B: wide-band Multimedia services.

2 References
References may be made to:

a) specific versions of publications (identified by date of publication, edition number, version number, etc.), in
which case, subsequent revisions to the referenced document do not apply; or

b) all versions up to and including the identified version (identified by "up to and including" before the version
identity); or

c) all versions subsequent to and including the identified version (identified by "onwards" following the version
identity); or

d) publications without mention of a specific version, in which case the latest version applies.

A non-specific reference to an ETS shall also be taken to refer to later versions published as an EN with the same
number.

Because of the rapid development of specifications and standards it is recommended to verify in each case whether the
following documents have been replaced by more recent versions. The following list was compiled in August 1997.

[1] EN 300 473: "Digital Video Broadcasting (DVB); Satellite Master Antenna Television (SMATV)
distribution systems". Known as "DVB-CS".

[2] EN 300 421: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for 11/12 GHz satellite services". Known as "DVB-S".

[3] EN 300 429: "Digital Video Broadcasting (DVB); Framing structure, channel coding and
modulation for cable systems". Known as "DVB-C".

[4] ETS 300 159: "Satellite Earth Stations and Systems (SES); Transmit/receive Very Small Aperture
Terminals (VSATs) used for data communications operating in the Fixed Satellite Service (FSS)
11/12/14 GHz frequency bands". Now covered by ETS  300 784.

[5] ETS 300 161: "Satellite Earth Stations and Systems (SES); Centralized control and monitoring
functions for Very Small Aperture Terminals (VSAT) networks".
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[6] ETS 300 160: "Satellite Earth Stations and Systems (SES); Control and monitoring functions at a
Very Small Aperture Terminal (VSAT)".

[7] ETS 300 194: "Satellite Earth Stations and Systems (SES); The interconnection of Very Small
Aperture Terminal (VSAT) systems to Packet Switched Public Data Networks (PSPDNs)".

[8] DVB Project (A008): "Commercial requirements for asymmetric interactive services supporting
broadcast to the home with narrow-band return channels".

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

[10] DVB Project: "Guidelines for the use of the Specification DVB Interaction Channel for Cable TV
distribution systems (CATV)".

[11] ETS 300 801: "Digital Video Broadcasting (DVB); Interaction channel through Public Switched
Telecommunications Network (PSTN) / Integrated Services Digital Network (ISDN)".

[12] ETS 300 802: "Digital Video Broadcasting (DVB); Network-independent protocols for DVB
interactive services".

[13] TR 101 194: "Digital Video Broadcasting (DVB); Guidelines for implementation and usage of the
specification of network independent protocols for DVB interactive services".

[14] prEN 50083: "Cabled distribution systems for television and sound signals".

[15] prEN 50166-2: "Human exposure to electromagnetic fields. High frequency
(10 kHz to 300 GHz)".

[16] ITU-T Recommendation V.24: "List of definitions for interchange circuits between data terminal
equipment (DTE) and data circuit-terminating equipment (DCE)".

[17] ITU-T Recommendation V.28: "Electrical characteristics for unbalanced doubled-current
interchange circuits".

[18] ITU-T Recommendation X.25: "Interface between Data Terminal Equipment (DTE) and data
Circuit-terminating Equipment (DCE) for terminals operating in packet mode and connected to
public data networks by dedicated circuit".

[19] ISO 2110: "Data Terminal Equipment and Data Communications Equipment. Switching circuits.
Application to the pin connectors numbering".

[20] ISO/IEC 8802-3 (ANSI/IEEE 802-3 Ethernet): "LAN/MAN CSMA/CD Access Method Standards
Package".

[21] EIA 568 A: "Commercial Building Telecommunications Cabling Standards ISO/IEC 11801
Generic Cabling for Customer premises Cabling".

[22] DIGISAT ACTS project (Digisat-TN-056-HSA version 1.3): "Cost Analysis of the Interactive
system for SMATV based on satellite and coaxial sections".

[23] DIGISAT ACTS project (Digisat-TN-09): "Traffic analysis for SMATV Interactive systems".

[24] CENELEC EN 50201: "Interfaces for DVB-IRDs".

[25] EIA-232: "Interface between DTE and DCE employing serial binary data interchange".

[26] prEN 301 193: "Digital Video Broadcasting (DVB); Interaction channel through the Digital
Enhanced Cordless Telecommunications (DECT)".



TR 101 201 V1.1.1 (1997-10)11

3 Definitions and abbreviations

3.1 Definitions
For the purposes of the present document, the following definitions apply:

Satellite Master Antenna TeleVision (SMATV) system: A SMATV system is defined as a system which is intended
for the distribution of TV, sound and Multimedia signals to households located in one or more adjacent buildings. These
signals are received by a satellite receiving antenna and may be combined with terrestrial TV signals.
SMATV distribution systems are also known as community antenna installations or domestic TV cable networks.
A SMATV system represents a means for sharing the same resource among several users for satellite and terrestrial
reception. Two systems have been defined in EN 300 473 [1] for the satellite digital TV distribution through SMATV:

a) SMATV system A (SMATV-DTM):  This system approach consist of the trans-modulation from satellite
Quaternary Phase Keying (QPSK) signals as defined in EN 300 421 [2] (DVB-S) to a Quadrature Amplitude
Modulation (QAM) scheme as defined in EN 300 429 [3] (DVB-C). The process of trans-modulation without
baseband interfacing is also known as Transparent Trans-modulation and the head-end unit performing this
function is known as Transparent Digital Trans-modulator (TDT).

b) SMATV system B: This system is based on the use of QPSK modulation. The SMATV system B concept allows
a direct reception of digital satellite signals using frequency conversion of the received satellite signal to a
frequency band appropriate to the characteristics of the SMATV distribution network. The functional elements of
this system are given in the baseline satellite specification EN 300 421 [2] (DVB-S). Two configurations of
SMATV system B are considered as follows:

b.1) SMATV-IF:  which uses the IF as delivered by the Low Noise Block (LNB) (e.g. 950 - 2 150 MHz);

b.2) SMATV-S: which uses a conversion to the extended S-band (e.g. 230 - 470 MHz).

Satellite Interactive Terminal (SIT): The SIT is the key equipment of the satellite section for providing the Interaction
Channel (IC) to SMATV systems. It is composed by the RF antenna subsystem with transmission and reception
capabilities and the satellite modem. The SIT is installed at the head-end of each building for providing a two-way
communications path between the service provider and the SMATV coaxial section; if the SMATV Grouping Terminal
(GT) allows it, a single SIT would be able to collect traffic from several buildings. It is assumed a high number of SIT to
be deployed becoming a consumer type equipment.

SMATV Grouping Terminal (GT):  The GT at the SMATV performs the collection and the distribution of information
coming from and going to the User Terminals (UT). It is composed by the GT Interactive Network Adapter (INA), the
Medium Access Control (MAC) functions and the interfaces with the SIT in order to collect/distribute the information in
the SMATV coax network related to each UT (Interactive Interface Module - IIM).

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

BC Broadcast Channel
BIM Broadcast Interface Module
CATV CAble TV distribution system
CDM Code Division Multiplex
CDMA Code Division Multiple Access (spread spectrum)
CMF Control and Monitoring Function
CTS Clear To Send
DCE Data Communications Equipment
DTE Data Terminal Equipment
DTH Direct-To-Home
DVB Digital Video Broadcasting
EIRP Equivalent Isotropically Radiated Power
ETS European Telecommunication Standard
FDM Frequency Division Multiplex
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FDMA Frequency Division Multiple Access
FSS Fixed Satellite Service
GT Grouping Terminal
HISPASAT Spanish satellite operator
IB In-Band
IC Interaction Channel
IIM Interactive Interface Module
INA Interactive Network Adapter
IRD Integrated Receiver Decoder
ISCM Interactive Services Commercial Module (a subgroup of the DVB Project)
ISDN Integrated Services Digital Network
ITU International Telecommunications Union
ITU-R International Telecommunications Union - Radiocommunications
ITU-T International Telecommunications Union - Telecommunications Standardization Sector
IUT Interactive User Terminal
LAN Local Area Network
LMDS Local Multipoint (or Microwave) Distribution System
LNB Low Noise Block
MAC Medium Access Control
MMDS Microwave Multi-point Distribution System
MPEG Moving Picture Expert Group
MTU Maximum Transfer Unit
NIU Network Interface Unit
NSAP Network Services Access Point
OOB Out Of Band
OSI Open Systems Interconnection
PSTN Public Switched Telephone Network
QAM Quadrature Amplitude Modulation
QPSK Quaternary Phase Shift Keying
RF Radio Frequency
RTS Request To Send
SIT Satellite Interactive Terminal
SLIP Serial Line Interconnection Protocol
SMATV Satellite Master Antenna TeleVision
STB Set Top Box
STU Set Top Unit
TDM Time Division Multiplex
TDMA Time Division Multiple Access
TDT Transparent Digital Trans-modulator
TS Transport Stream
TVRO TeleVison Receive Only
UT User Terminal
VSAT Very Small Aperture Terminal
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4 System architecture of narrow-band interaction
channel

A reference model for the system architecture of narrow-band interaction channels in a broadcasting scenario
(asymmetric interactive services) is presented in this clause.

4.1 Protocol stack model
For asymmetric interactive services supporting broadcast to the home with narrow-band return channel, a simple
communications model consists of the following layers (the layers do not coincide exactly with the Open Systems
Interconnection (OSI) layers):

physical layer: Where all the physical (electrical) transmission parameters are defined.

transport layer:  Defines all the relevant data structures and communication protocols like data containers, etc.

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

DVB addresses the lower two layers (the physical and transport) leaving the application layer open to competitive
market forces.

A simplified model of the OSI layers was adopted to facilitate the production of specifications for these nodes. Figure 2
points out the lower layers of the simplified model and identifies some of the key parameters for the lower two layers.
Following the user requirements for interactive services, no attempt will be made to consider higher layers in DVB.

 Layer Structure for Generic System Reference Model

Modulation
Channel coding

Freq. range
Filtering

Equalisation
Power

Access
mechanism

Packet structure

Higher medium 
layers

Proprietary
layers

(Network Dependent

 Protocols)

Network Independent 
Protocols

Figure 2: Layer structure for generic system reference model

The present document addresses network specific aspects only. The network independent protocols are specified
separately in ETS 300 802 12].
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4.2 System model
Figure 3 shows the system model which is to be used within DVB for interactive services.

In the system model, two channels are established between the service provider and the user:

Broadcast Channel (BC): An unidirectional broadband BC including video, audio and data is established from the
service provider to the users. It may include the Forward Interaction path.

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

a) Return Interaction path (return channel): From the user to the service provider, the Return Interaction path is
frequently used to make requests to the service provider or to answer questions. It is a narrow-band channel,
commonly known as return channel.

b) Forward Interaction path : From the service provider to the user, the Forward Interaction path is used to
provide some sort 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 BC. It is possible that this channel is not required
in some simple implementations which make use of the BC for the carriage of data to the user.

The User Terminal (UT) is formed by the Set Top Unit (STU) and the Network Interface Unit (NIU).
The NIU consists of the Broadcast Interface Module (BIM) and the Interactive Interface Module (IIM).
The UT provides interface for both broadcast and interaction channels.
The interface between the UT and the interaction network is via the IIM.

Figure 3: A generic system reference model for interactive systems
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4.3 Application of the reference model
This subclause describes the application of the reference model to the SMATV Interaction Channel (IC).

Figure 4 presents the reference model for the particular case of the SMATV IC based on the concatenation of satellite
and coaxial sections.
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Figure 4: Reference model for the particular case of SMATV Interaction Channel

The block diagram for system implementation is presented in figure 5 in order to show the correlation with the reference
model.
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5 IC for SMATV systems based on satellite and coaxial
sections

This clause provides a system description of DVB IC for SMATV systems based on satellite and coaxial sections.

The SMATV infrastructures can support the implementation of the IC for interactive services suitable for DVB systems.
Therefore, SMATV systems can be used to implement interactive services in the DVB environment, providing a
bi-directional communication path between the User Terminal (UT) and the service provider.

The DVB does not intend to specify a return channel solution associated to each broadcast system because the
interoperability of different delivery media to transport the return channel is desirable. The solutions here provided for
IC for SMATV systems based on satellite and coaxial sections are a part of a wider set of alternatives to implement
interactive services for DVB systems.

The Interaction Channel (IC) is made up by two sections, satellite and coaxial, as depicted in figure 1. For the Return
Interaction path (upstream), the interactive traffic from the users is transmitted in the lower part of the frequency band of
the bi-directional (passive) coaxial distribution network and is collected at the SMATV head-end by the Grouping
Terminal (GT), then it is transported to the service provider through the SMATV Satellite Interactive Terminal (SIT).
For the Forward Interaction path (downstream) the responses from the service provider are distributed through the
bi-directional satellite network to the SIT at the SMATV head-ends and then, inside each building, the distribution is
performed through the GT to each user using the lower part of the frequency band of the bi-directional (passive) coaxial
distribution network.

Alternatively, or in parallel, the Forward Interaction path (downstream) could be embedded into the BC in the MPEG-2
Multiplex, when required by the capacity in the Forward Interaction path or the type of application.

The BC is transmitted as specified by EN 300 473 [1] (DVB-SMATV).

Figure 6 presents the functional block diagram of the SMATV IC system for both:

a) the whole SMATV Interactive Head-end, composed by the SIT and the GT, and

b) the SMATV Interactive User Terminal (IUT).
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Figure 6a: Functional block diagram for the DVB SMATV Interactive Head-end
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Figure 6b: Functional block diagram for the DVB SMATV Interactive User Terminal (IUT)

5.1 Satellite section
The satellite section for the SMATV interactive system is based on satellite networks, using very cost effective solutions
designed and matched to the SMATV scenario. Also already operating satellite networks which are currently installed in
a number of buildings can be reused for interactive Multimedia applications.

In the present document references are provided to bi-directional SMATV Satellite Interactive Terminals (SIT) working
in the Ku band (14/11-12 GHz), although it is recognized that other systems are being developed in Ka band oriented to
Direct-To-Home (DTH) applications without precluding its use in a SMATV scenario.

The type of satellite network here considered consists of a central earth station, usually called the Master Station (which
provides the management of the satellite network) and a number of remote earth stations (the SIT). Service providers
could be connected either to the Master Station or to any of the remote earth stations depending on the specific network
architecture. From the service point of view it means that three types of stations are identified: the Master Station for
management of the satellite network, the SIT at the service providers and the SIT at the users. Usually the Master
Station and the SIT at the service provider will constitute together the Hub station.

Implementation examples of the satellite section are given in clause 6 for the scenarios identified in clause 1 and for
different satellite network technologies such as CDMA (Code Division Multiple Access) and TDMA (Time Division
Multiple Access) in order to show the feasibility to implement open and inter-operable systems based on existing
standards. With the aim of providing purely illustrative implementation examples, specific sizing exercises are presented
matched to hypothetical services and traffic scenarios; deriving in this way antenna sizes, power required, possible
configurations, etc.

The key factors defining the satellite section are:

a) The satellite multiple access technology and access control, that will determine the complexity of the terminals as
well as the network efficiency in terms of throughput. The optimum satellite access technology and access control
type will mainly depend on the type of applications, the type of interaction traffic and the population the network
is serving.
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b) The antenna size and power amplifier size, which will mostly influence to the cost of the SIT and its operational
flexibility, as well as the frequency band used for the IC.

c) The network management capabilities that should allow a robust system with a minimum signalling traffic load
(see annex B).

5.1.1 Satellite multiple access technology and access control

The system should be prepared for several types of applications which could be typically used at different hours during
the day, as for example:

a) Massive avalanche traffic of very short user responses produced as a reaction to a broadcasted program in the
broadcasting "Prime time" during the evenings.

b) Other Multimedia applications requiring higher bandwidth such as teleworking, Internet access, etc., which are
usually used during throughout all day time.

 Different satellite multiple access technologies can be used. Clause 6 provides examples for CDMA / TDMA systems.
CDMA means that several channels are provided in the same frequency slots with orthogonal codes. TDMA means that
the carrier is split in time bursts.

 The following satellite access control modes are commonly used:

1) contention mode as for example in Slotted Aloha or Pure Aloha modes;

2) fixed assignment, for example specific time slots for each terminal in a TDMA mode;

3) reservation mode;

4) dynamic assignment (bandwidth on demand);

5) polling type modes;

6) other mixed possibilities.

Some qualitative assessments on the applicability of each access mode are provided below.

Contention modes are very flexible because when there is a low traffic and it is spread over time the number of
collisions is rather small and both delay and throughput are satisfactory. These modes provide the advantage that when
the total traffic load is low the whole capacity of each carrier can be used by a single user.

The Slotted Aloha mode establishes reference time slots when a packet can be sent. This makes the access mode more
efficient than the Pure Aloha mode in case the network is highly loaded, reaching a theoretical throughput of about 37%
at maximum load of the nominal carrier capacity.

Fixed assignments are efficient for applications producing nearly constant or at least predictable traffic generated by
each building (or group of buildings). There are no additional delays caused by retransmission, but delays may be
caused when the packet to be sent is longer than the assigned burst in the TDMA frame. Nevertheless, the bandwidth
efficiency could be low because most of the time there may be unused slots.

Reservation mode is a kind of fixed assignment controlled dynamically depending on the request from the terminals to
reserve certain number of slots to transmit a specific amount of information. It prevents the network to be saturated with
collisions when a batch traffic is produced by any terminal.

Dynamic assignment is a kind of fixed assignment controlled dynamically depending on the request from the terminals
to reserve certain number of slots per time unit in order to allow a certain bit rate for a specific building or group of
buildings. It does not seem an adequate solution for transactional traffic formed by short messages although it could be a
very convenient approach for an scenario in evolution towards wideband Multimedia applications.

Polling type modes could be inefficient for big networks with several thousands of terminals as it is foreseen in the DVB
scenario.

Mixed modes which take the advantage of fixed assignment, reservation, dynamic assignment and contention based
modes are available in existing and planned systems and therefore any type of combination of access control modes can
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be implemented. Clause 6 provides examples of Slotted Aloha in CDMA and fixed assignment in TDMA mode, as well
as TDMA with Slotted Aloha at a higher bit rate, which is oriented towards a scenario supporting Multimedia
applications.

The conceptual Interaction Channel (IC) solution described in the present document allows the implementation of any of
the above access modes provided the interface requirements with the coaxial section are met.

5.1.2 Antenna size and power amplifier

In order to establish adequate satellite link margins, the SIT should be sized to produce the adequate Equivalent
Isotropically Radiated Power (EIRP) level which can be achieved by trading-off the antenna gain (equivalent to antenna
size) and the power amplifier. Based on an example of link budget performed with representative examples of
HISPASAT satellite parameters and taking as an example a data rate of 16 kbit/s (see annex A for examples of link
budgets) a combination of 90-120 cm antennas with 0,1 0,2 W amplifiers is a good compromise between cost and
performance for most cases depending on the specific satellite coverage, system performances, service availability, etc.
It is understood, in consultation with manufacturers, that in order to achieve a low cost power amplifier avoiding the
need of thermal radiators, the maximum power should be less than 0,5 W at the SIT. The antenna size is not a critical
requirement in the SMATV environment, because just one antenna is needed for the whole building (o group of
buildings) to be installed on the roof and because the final cost of the terminal, in practice, does not depend of the
antenna size, provided it is smaller than 1,2 m.

On the other hand, the off-axis EIRP of each carrier (in CDMA it means the addition of the EIRP of several carriers with
the same frequency slot and orthogonal codes) should be compliant with the relevant criteria for protection between
satellite systems (see note) avoiding harmful interference.

NOTE: See in annex B the off-axis EIRP emission density considered.

Therefore, in the trade-off between antenna size and power amplifier, the off-axis EIRP criterion should be considered.
This requirement can be met with current antenna technology even assuming a 55 cm antenna and an up to 0,7 W
amplifier (for the case of 16 kbit/s, see annex B), although both criteria, cost requirements and the link margin,
recommend bigger antenna (90-120 cm) sizes and smaller amplifiers (0,1-0,2 W).

Here again, a trade-off between antenna size, power amplifier and satellite transponder parameters should be made by
the operator matching the specific service requirements.
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5.2 Coaxial section
The coaxial section supports the bi-directional communications between the User Terminal (UT) and the Grouping
Terminal (GT). The Interaction Channel (IC) is based on the same SMATV coaxial distribution network than the
Broadcast Channel (BC) but using the lower frequency range (15-35 MHz). The Interactive Interface Module (IIM),
which is located at the user side, provides the performance required for signal transmission (modulation, demodulation,
channel coding, network access, etc.) through its interface and channel adapter called IIM (see figure 7). The GT at the
SMATV head-end collects/distributes the interaction traffic related to the users connected to one or more independent
SMATV networks in order to feed the SIT.
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Figure 7: Block diagram of the SMATV coaxial section

For the coaxial section the baseline recommended solution consists on a subset of the options provided by the
DVB-RC-CATV specification (see ETS 300 800 [9]) allowing a system simpler than the CATV one, thus matching the
requirements of the SMATV scenario. One of the key elements of the SMATV scenario with respect to the CATV one is
that the Grouping Terminal (GT) at the SMATV head-end is an equipment of a consumer type in a similar way as the
STB, although the SMATV head-end cost is shared among the users connected to the SMATV, which could be those of
a single building or a group of buildings.

Due to the specific cost requirements of the SMATV, and taking into account the reduced number of users in SMATV
(typically 5 to 300 users) in comparison with typical CATV networks, an appropriate subset of the DVB-RC-CATV
system options is recommended in order to minimize the complexity and the cost of the GT.
In principle, it is intended that the SMATV IIM at the UT should be identical to the one needed for CATV system
taking advantage in this way, for both scenarios CATV and SMATV, of the economies of scale of the IIM at the UT.
In summary, the IIM at the UT will be the same, either for SMATV users or CATV users, but the GT at the SMATV
interactive head-end will be much simpler than the CATV interactive head-end.
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A description on the coaxial section system concept follows. SMATV coaxial section solution is based on the
DVB-RC-CATV system. Therefore, the full detailed description of the physical layer parameters, access modes, MAC
functions, etc., are provided in ETS 300 800 [9].

The coaxial section allows the transmission of IC signals through the Forward Interaction path (downstream) and Return
Interaction path (upstream). The general concept is to use the Forward Interaction path from the GT to the IIM to
provide synchronization and information to all IIM. This allows the IIM to adapt to the network and send synchronized
information in the Return Interaction path. Return Interaction path carriers are divided into time slots which can be used
by different users, using the TDMA technique. One Forward Interaction carrier is used to synchronize up to 8 Return
Interaction path carriers, which are all divided into time slots. A counter at the GT is sent periodically to the IIM, so that
all IIM in the same SMATV network work with the same clock. This gives the opportunity to the GT to assign time slots
to different users.

Three major access modes are provided with this system. The first one is based on contention access, which lets users
sending information at any time with the risk to have a collision with other user's transmissions. The second and third
modes are contention-less based, where the GT either provides a finite amount of slots to a specific IIM, or a given bit
rate requested by a IIM until the GT stops the connection on IIM's demand.
These access modes are dynamically shared among time slots, which allow IIM to know when contention based
transmission is allowed or not . Periodically, the GT 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 new users to send
their information, taking into account the propagation time required from the GT to the IIM and back.

Several simplifications of the head-end as specified for the CATV system (DVB-RC-CATV; see ETS 300 800 [9])
can be applied to the SMATV scenario in order to allow for a simple GT with a lower processing capability. 
These simplifications can be done for the SMATV systems because the lower number of users and the smaller distance
that separates the head-end and the users with respect to the CATV networks. In any case the Integrated Receiver
Decoder (IRD) based on DVB-RC-CATV (ETS 300 800 [9]) would apply for SMATV taking advantage on the
expected economy of scale. The options recommended for the SMATV scenario in ETS 300 800 [9] are:

1) Use the Out Of Band (OOB) option with a unique carrier in each direction. Alternatively, or in parallel, the
Forward Interaction path could be embedded into the BC in the MPEG-2 Multiplex, when the capacity required
in the downstream or the type of applications require it.

2) Use of a single 3,088 Mbit/s carrier for the Return Interaction path to be shared among the number of users in the
SMATV network.

3) Use of a single 3,088 Mbit/s carrier for the Forward Interaction path to be shared among the number of users in
the SMATV network.

4) Reduced frequency ranges (15-35 MHz).

5) No power or timing ranging (simplified MAC protocol).

6) In some cases, fixed rate assignment to each user could be used in accordance to the total capacity assigned to the
satellite section.

When the IIM is external to the UT, the interfaces defined by DVB for the IRD should be used (EN 50201 [24]).

5.2.1 Spectrum allocation

Figure 8 indicates a possible spectrum allocation. Although not mandatory, a guideline is provided to use the following
preferred frequency ranges:

70-130 MHz for the Forward Interaction path (downstream OOB); and

15-3 MHz for the Return Interaction path (upstream), or parts thereof.

The use of limited frequency ranges simplifies the tuner complexity (filtering) and does not mean any capacity constrain
provided a recommendation is done to use just one carrier for Forward Interaction Path and another for Return
Interaction path.
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Figure 8: DVB preferred frequency ranges for SMATV interactive systems

5.2.2 FDM/TDMA multiple access

A multiple access scheme is defined in order to allow different users sharing the same transmission media. Forward
information is sent broadcast to all users of the networks. Thus, an address assignment exists for each user which allows
the GT to send information single-cast to one particular user. Two addresses are stored in the STB in order to identify
users on the network:

1) MAC address which is a 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.

2) NSAP address which is a 160-bit value representing a network address.
This address is provided by higher layers during communication.

 Return information may come from any user in the network and therefore shall be also differentiated at the GT using the
set of addresses defined above. Each Forward Interaction path carrier contains a synchronization frame used by up to
8 different Return Interaction path carriers, whose frequencies are indicated by the Media Access Control (MAC)
protocol. In any case, for most cases one carrier for Return Interaction path and another for Forward Interaction path is
enough for providing the capacity required by most SMATV systems.

 Within Return Interaction path carriers, users send packets with TDMA type access. This means that each channel is
shared by many different users, who can either send packets with a possibility of collisions when this is allowed by the
GT, or request transmission and use the packets assigned by the GT to each user specifically. Assuming each channel
can therefore accommodate up to thousands of users at the same time, the Return bandwidth can easily be used by all
users present on the SMATV network at the same time (as a reference the typical number of users in SMATV networks
could vary from 5 to 300 users).

 The TDMA technique utilizes a slotting methodology which allows the transmit start times to be synchronized to a
common clock source. Synchronizing the start times increases message throughput of the signalling channel since the
message packets do not overlap during transmission. The period between sequential start times are identified as slots.
Each slot is a point in time when a message packet can be transmitted over the signalling link.

 The time reference for slot location is received via the Forward Interaction path carrier generated at the GT and received
simultaneously by all IIM attached to the SMATV network.
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 Since the TDMA signalling link is used by IIM that are engaged in interactive sessions, the number of available message
slots in this channel is dependent on the number of simultaneous users. When messaging slots are not in use, an IIM may
be assigned multiple message slots for increased messaging throughput. Additional slot assignments are provided to the
IIM from the downstream signalling information flow.

 There are different access modes for the Return Interaction path slots:

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

b) reserved slots with dynamic reservation (Reservation Access: the user sends control information announcing his
demand for transmission capacity. He gets grants for the use of slots);

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

d) ranging slots (these slots are used Return Interaction path 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 for this service. Therefore, a terminal can be
simplified to respond to only those slot types assigned to the service.

5.2.3 Bit rates and framing

For the Forward Interaction path in SMATV, a rate of 3,088 Mbit/s is recommended in consistency with the appropriate
bit rate for other alternative transmission media to the satellite section (as for example Local Multipoint Distribution
System - LMDS).

The Forward Interaction path carrier continuously transmit a frame based on T1 type framing, in which some
information is provided for synchronization of Return Interaction path slots.

For the Return Interaction path, the GT can indicate the transmission rate to users, specifically 3,088 Mbit/s is
recommended for SMATV following the same rationale as for the Forward Interaction path.

Figures 9 and 10 show the conceptual block diagrams for implementation of the coaxial section.

SMATV NIU

Figure 9: Conceptual block diagram for the NIU OOB transceiver
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Grouping Terminal at the SMATV Head-end

Figure 10: Conceptual block diagram for the OOB head-end transceiver

5.3 Satellite-coax interface
In order to allow an open and inter-operable system a specification for the interface between the satellite and coaxial
sections is given. The complete definition of this interface allows for the use of alternative technologies for both the
satellite and coaxial sections with the aim to facilitate the interoperability between subsystems from different vendors
and technologies.

The definition of this interface also allows the reuse of the coaxial section for establishing the IC through different
transmission media alternative to the satellite.

A very low cost interface, RS-232 based, is the baseline recommended solution although alternative interfaces are
identified in order to allow the reuse of existing satellite terminals as SIT.

5.3.1 RS-232 serial interface

5.3.1.1 Mechanical and electrical characteristics.

The interface will comply with EIA 232-D [25], more specifically:

⇒ logical: ITU-T Recommendation V.24 [16];

⇒ electrical: ITU-T Recommendation V.28 [17];

⇒ mechanical: ISO 2110 [19] standard (25-pin connector);

 working with the following basic parameters:

a) speed: configurable up to 119 200 bit/s

b) data bit;

c) no parity;

d) stop bit.
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The coax section will act as Data Terminal Equipment (DTE), and so its connector will have male contacts (female
shell). The SIT will play the role of Data Communications Equipment (DCE), so its connector will have female contacts
(male shell).

5.3.1.2 Framing

The Maximum Transfer Unit (MTU) is defined as 1 024 bytes (see note) for this interface. This means, that any data
packet longer than the MTU defined, should be segmented before transmission through this interface.

NOTE: The size of 1 024 bytes for the MTU has been chosen, because it is an adequate value to be used with the
SLIP protocol which can be implemented for this interface.

5.3.1.3 Flow control mechanisms

Flow control may be implemented using the Clear To Send/Request To Send (CTS/RTS) signals (hardware flow
control) or the XON/XOFF protocol (software flow control).

Data flow from the coax section towards the satellite section will be limited according to the following rules, when using
the CTS/RTS flow mechanism:

1) The coax section equipment will make sure the CTS signal is LOW before starting transmission of a new data
packet.

2) The SIT will set CTS LOW as soon as free space in its internal buffers allows for a whole maximum-size data
packet . CTS will be set back HIGH when there is space for a new packet.

3) It is up to the SIT implementers to choose when the CTS signal shall be set HIGH as buffers are emptied. It is the
responsibility of the SIT equipment to ensure that no data is lost as long as the coax section complies with the
first rule.

4) The coax section shall propagate data flow limitations towards the user equipment to avoid packet losses.

Data flow towards the coax section has no flow mechanism.

5.3.2 Alternative interfaces

5.3.2.1 LAN based interfaces

In order to facilitate the evolution towards Multimedia broadband applications, alternative interfaces based on Local
Area Networks (LAN) technology are identified in order to provide solutions to the potential barriers that the RS-232
may present in terms of maximum bit rate. For this purpose a typical Ethernet interface is proposed, which is very
extended and facilitates the interconnections to LAN for any other kind of needs.

For the mechanical and electrical characteristics the interface shall comply with EIA 568-A [21], i.e. it shall be an
IEEE 10 Base-T Ethernet (IEEE 802-3 [20]) with RJ-45 connectors. With respect to the framing and error control a
standard for framing of data packets into Ethernet is described in IEEE 802-3 [20].

5.3.2.2 X.25 communications interfaces

Most of the existing satellite networks (VSAT type) implement in their terminals the protocols and physical interfaces
used for X.25 communications (see ITU-T Recommendation X.25 [18]). Therefore these kind of connections might
have to be considered when reusing already operating satellite networks which are currently installed in a number of
buildings. Interfaces for the interconnection of VSAT systems to Packet Switched Public Data Networks (PSPDN) are
described in ETS 300 194 [7].
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6 Implementation examples for the satellite section
This clause provides implementation examples based on existing satellite network systems, with the aim of illustrating
the flexibility of the satellite section for the IC in SMATV.

Examples are provided for the two kind of scenarios described in clause 1:

a) asymmetric services for interactive broadcasting applications;

b) Multimedia wide-band services.

6.1 Asymmetric services scenario for interactive broadcasting
applications

For asymmetric services in interactive broadcasting applications a reference traffic model has been considered
(see DIGISAT Project [22], [23]). Two examples of traffic patterns generated by the users for the Return Interaction
path are considered:

1) Transactional traffic  which is characterized as an average of 2 messages-per-minute-per-active-user at the
loaded hour. The average message length is considered to be of 281 bytes, which means an average traffic per
user of about 75 bit/s. This traffic model is applied to transactional applications such as teleshoping, financial
transactions, request for information, etc. For most applications in this category (transactional interactive
applications) the traffic generated for the Forward Interaction path is symmetric with respect to the one at the
Return Interaction path. An average user activity factor of about 10% of simultaneous active users transmitting in
the same instant is considered. It means that, considering an average of 20 users per SMATV system, the average
traffic per building could be evaluated in about 150 bit/s.

2) Avalanche traffic as a response to a broadcast service which is characterized by the generation of a single
message from each user in a near simultaneous way. The message size for this case is evaluated as 53 bytes,
which considering an average of 20 users per SMATV grouping generating avalanche traffic, it would mean an
average traffic load of 8 480 bits per building or group of buildings in case of avalanche. A randomization
mechanism can be used in this case in order to spread the time interval in which the avalanche is produced
(see ETS 300 802 [12]). This traffic model is applied to user responses to broadcast material in an anonymous
manner, for instance voting or opinion polling, etc.

For the satellite section, two implementation examples are hereafter presented, one based on TDMA, which uses fixed
assignment access, and the other based on CDMA, which uses the Slotted Aloha contention access protocol.

6.1.1 Example based on TDMA with fixed assignment

In TDMA the satellite carrier is organized in periodic frames which are assigned to a SIT for a short period of time.
It means that a SIT uses the whole bandwidth of the carrier during the assigned time slots without colliding with
transmissions from other terminals.

The space segment is usually organized in FDMA carriers for the or Return Interaction path (also known as inbound
carriers or upstream), using a TDMA access scheme, that means that each Return Interaction carrier (inbound) is
generated by different SITs at different time slots.

The example provided to illustrate a certain configuration for the proposed traffic model is based on the following
parameters:

a) Return Interaction path (inbound) carriers of 16 kbit/s, working in a TDMA mode, QPSK modulated with
FEC 1/2 occupying about 40 kHz each.

b) Forward Interaction path (outbound) carriers of 16 kbit/s, working in a TDM mode, QPSK modulated with
FEC 1/2 occupying about 40 kHz each. Up to 32 inbound carriers are configured per each outbound carrier.
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c) Each carrier is configured into 40 time slots of 53 bytes each. Each time slot is assigned to one SIT, providing a
constant gross capacity of 400 bit/s for each SIT. Considering headers occupying about 10% of the capacity, the
constant useful bit rate for each SIT is about 360 bit/s which is about twice the average transactional expected
traffic.

d) In the 2 MHz bandwidth, up to 50 carriers can be allocated, which means to provide a constant "low" capacity to
2 000 SIT.

Figure 11 represents the space segment use for this scenario.

.................

50 Inbound  Carriers in 2 MHz
40 KHz each carrier

Outbound Carriers
40 KHz each carrier

TDMA S p ace Seg ment Usa g e

Each  inbound  carrier
is accessed by 40
different term inals

Figure 11: Example based on TDMA with fixed assignment

Link budget examples are presented in annex A for different combinations of Hub (within the present document Hub
terminology refers to the SIT at the service provider which may include the Master station) and SIT antenna diameters.
As an example SIT of 90 cm require less than 70 mW for operating with a 2,4 m Hub antenna. This configuration is
compliant with the off-axis EIRP as recommended in the present document with a margin of about 15 dB, provided that
typical 90 cm antennas can work with up to 2,3 W (see annex B).

6.1.2 Example based on CDMA with Slotted Aloha

By using CDMA the information signal is spread into a wide bandwidth using spread spectrum techniques. The codes
used for this purpose have orthogonal characteristics allowing any individual code to be distinguished from others,
which permits several signals with orthogonal codes to share a common frequency band. The maximum number of
signals that can share the same slot depends mainly on the maximum number of different CDMA codes (it depends on
the code length).

The space segment available is organized into frequency slots and CDMA codes. A certain number of slots are reserved
for the Return Interaction path (inbound communications from SIT to the Hub) and some others for the Forward
Interaction path (outbound communications from the Hub to SIT). Each SIT is provided with a frequency slot and a
specific code. Several terminals can share frequency slots and code when accessing to the satellite in a Slotted Aloha
mode. Outbound carriers work in a TDM mode.

The example provided to illustrate a certain configuration for the proposed traffic model is based on the following
parameters:
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a) Return Interaction path (inbound) carriers of 16 kbit/s, working in a CDMA mode, QPSK modulated with
FEC 3/4 and spread with a chip frequency of 1,45 Mchip, occupying about 2 MHz per frequency slot. Inbound
carriers work in a Slotted Aloha mode.

b) Forward Interaction path (outbound) carriers of 16 kbit/s, working in a CDM continuous mode, QPSK modulated
with FEC 3/4 and spread with a chip frequency of 1,45 Mchip, occupying about 2 MHz per frequency slot.

c) The maximum number of carriers per frequency slot is 127 coinciding with the number of different possible
orthogonal codes.

d) Each carrier provides a maximum instantaneous bit rate of 16 kbit/s. Considering headers as about 10% of the
capacity, the constant useful bit rate that each CDMA channel (each pair frequency slot and code) can process is
about 14,4 kbit/s. Although for maximum load the Slotted Aloha mode can offer a theoretical throughput of 37%
of the nominal capacity due to collisions, a throughput of about 20% is considered for a reasonable average
delay. It means that in order to provide the average traffic of 150 bit/s per SIT, each CDMA channel (the pair
frequency slot/CDMA code) can be allocated to 19 SIT for sharing such CDMA channel.

In 2 MHz bandwidth, 127 codes can share each frequency slot allowing up to 2 413 SIT working in that bandwidth.

Figure 12 represents the space segment usage for this particular scenario.

S l o t  1  ( 2  M H z ) S lo t  n S lo t  n  + 1

. . . . . . . . . . . . . . . . .

In b o u n d   S lo ts O u tb o u n d  S lo t s

c o d e  1

c o d e  1 2 7

c o d e  1

c o d e  1 2 7

c o d e  1

c o d e  1 2 7

S p a c e  S e g m e n t  U s a g e

Figure 12: Example based on CDMA with Slotted Aloha

Link budget examples are presented in annex A for different combinations of Hub and SIT antenna diameters.
As an example SIT of 90 cm require less than 100 mW (for 16 kbit/s carriers) for operating with 2,4 m Hub antenna.
This configuration allows up to 1 311 terminals transmitting simultaneously on the same frequency slot for compliance
with the off-axis EIRP as recommended in the present document (see annex B). It means that off-axis EIRP criteria is
met even in the case of instantaneous multiple collision originated by 1 311 SIT. The use of a randomization mechanism
to spread the time interval in which the avalanche is produced minimize the probability of a high number of
simultaneous multiple collisions.
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6.1.3 Performances, advantages and limitations of the two examples

The main differences between the two examples described in subclauses 6.1.1 and 6.1.2 come mostly from the different
access control (either Fixed assignment or Slotted Aloha), instead of the Multiple Access technology used (either
CDMA or TDMA).

The following aspects could be highlighted from the examples provided:

a) For a similar mean traffic processed, both examples serve a similar number of terminals with the same bandwidth
allocation. Nevertheless, Slotted Aloha mode allows a single user at a specific building to enjoy of the whole
capacity of the 16 kbit/s at specific time intervals, provided the load of the network is low.
It means that under the above given assumptions, the example based on Slotted Aloha/CDMA provides a higher
flexibility with respect to the maximum instantaneous bit rate per user.

b) No collisions occur on the fixed assignment approach. It is very efficient when an avalanche process arises or
when most applications provide a nearly constant low bit rate traffic. Nevertheless, although no additional delays
caused by retransmission occur because there are no collisions in the TDMA fixed assignment mode, high delays
can be caused when the information to be transmitted by a terminal is longer than the assigned time slot in the
TDMA frame. In the example provided, each time slot allows the transmission of 53 bytes, then 1,06 seconds are
elapsed up to the next opportunity for the same SIT to send additional information.
Therefore reservation modes are recommended when long messages are to be transmitted.

6.2 Scenario oriented towards Multimedia services
One of the key advantages of the satellite based return channel is the flexibility provided in terms of bandwidth required
for a certain service. Hereafter a sizing example is provided for a scenario of services oriented towards Multimedia
wideband applications which demand higher bandwidth that those identified for typical interactive broadcasting
asymmetric applications. Services such as educational applications, teleworking, video conference, wideband Internet
access, etc., are considered.

A sizing example is hereafter provided in order to show possible implementations for supporting services demanding
higher traffic than in the previous examples with the same DVB concept for SMATV IC based on satellite and coaxial
sections.

For this scenario, an example based on 256 kbit/s Return Interaction path carriers (inbound) is considered. Although it is
not a real wideband example, it can be considered as a reasonable trade-off between capacity and SIT requirements in
terms of power amplifier/antenna size and at the end the cost of the terminal, still being in the categorization of a
consumer-oriented terminal.

The example here provided to illustrate a certain configuration for the proposed scenario in evolution towards wideband
Multimedia services is based on the following parameters:

a) Return Interaction path (inbound) carriers of 256 kbit/s, working in a TDMA mode, QPSK modulated with
FEC 1/2 occupying about 320 kHz each.

b) Forward Interaction path (outbound) carriers of 256 kbit/s, working in a TDM mode, QPSK modulated with
FEC 1/2 occupying about 320 kHz each.

c) Each carrier is configured into time slots of 53 bytes each which are used in contention by up to 4 terminals.
It means that the average traffic per terminal could be about 64 kbit/s (depending on the collisions pattern).
Nevertheless, the peak bit rate per building can reach the 256 kbit/s which is a very reasonable bit rate for a
number of Multimedia interactive applications.

d) In 2 MHz bandwidth, about 6,25 inbound carriers can be allocated which means to serve to 25 SIT.

 Link budget examples are presented in annex A for different combinations of Hub and SIT antenna diameters.
As an example, SIT of 90 cm requires about 1,2 W (for 256 kbit/s carriers) for operating with 2,4 m Hub antenna.
This configuration is compliant with the off-axis EIRP as recommended in the present document.
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Annex A (informative):
Satellite link budget examples
 Examples here provided are applicable to the performances of some of the HISPASAT-1 satellites.

 For the purpose of providing purely illustrative examples some satellite link budgets calculations are here provided.
They have been computed for specific satellite parameters, with the aim to derive examples of antenna sizing and power
required. Examples here provided refer to the Return Interaction path (inbound), considering H Hydrometheorological
Zone for the rain conditions.

A.1 16 kbit/s carriers; TDMA + fixed assignment access
protocol

 

TDMA 
Link Parameters Uplink Parameters
Bit Error Rate (BER) 10̂ -6 TX ES Polarisation Discrimination 28 dB
Availability   % 99,5 Rain Conditions Presence of Rain ( Hydrometeorological Zone: H)
FEC 0,5 Pointing Losses 0,50 dB
Modulation Type QPSK
Required Eb/No (dB) 6
Link Margin (dB) 0,5 Downlink Parameters
User Data Rate (Kbps) 16 RX ES Polarisation Discrimination 30 dB
Used Bandwidth (KHz) 36,8 Rain Conditions Clear Sky 

Pointing Loss 0,20 dB

Satellite Parameters
Polarisation discrimination (dB) 33
Transp. Intermodulation C/I (dB) 20
IBO (dB) 3,7
OBO (dB) 8
EIRP  (dBW) 53
PFD  (dBW/m2) -91
G/T (dB) 6,5

HUB antenna diameter (m) 1,2 2,4 3,6
Terminal antenna diam. (m) 0,55 0,9 1,2 0,55 0,9 1,2 0,55 0,9 1,2

Earth Station EIRP (dBW) 32,33 32,32 32,30 28,35 28,40 28,37 27,00 27,06 27,04
PFD at satellite (dBW/m2) -133,07 -133,07 -133,10 -136,74 -136,69 -136,72 -137,91 -137,85 -137,87
C/N uplink (dB) 11,96 11,96 11,94 8,30 8,35 8,32 7,13 7,19 7,17
C/N+I uplink (dB) 6,23 6,23 6,22 4,73 4,76 4,74 4,09 4,13 4,12
C/N downlink (dB) 6,73 6,73 6,71 9,09 9,14 9,11 11,44 11,50 11,48
C/N+I downlink (dB) 5,63 5,63 5,61 7,38 7,42 7,40 8,86 8,89 8,88
C/N global (dB) 5,59 5,59 5,57 5,66 5,71 5,69 5,76 5,82 5,80
C/N+I global (dB) 2,91 2,91 2,90 2,85 2,88 2,86 2,84 2,88 2,87

TX power per
inbound  carrier (W) 0,45 0,168 0,094 0,18 0,068 0,038 0,132 0,05 0,028
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A.2 16 kbit/s carriers; CDMA + Slotted Aloha access protocol

CDMA
Link Parameters Uplink Parameters
Bit Error Rate (BER) 10̂ -6 TX ES Polarisation Discrimination 28 dB
Availability % 99,5 Rain Conditions Presence of Rain ( Hydrometeorological Zone: H )
FEC 0,75 Pointing Losses 0,50 dB
Modulation Type QPSK
Required Eb/No (dB) 7,5
Link Margin (dB) 0,5 Downlink Parameters
User Data Rate (Kbps) 16 RX ES Polarisation Discrimination 30 dB
Proccessing Gain (dB) 21 Rain Conditions Clear Sky 
Used Bandwidth (KHz) 2000 Pointing Losses 0,20 dB

Satellite Parameters
Polarisation discrimination (dB) 33
Transp. Intermodulation C/I (dB) 20
IBO (dB) 3,7
OBO (dB) 8
EIRP  (dBW) 53
PFD  (dBW/m2) -91
G/T (dB) 6,5

HUB antenna diameter (m) 1,2 2,4 3,6
Terminal antenna diam. (m) 0,55 0,9 1,2 0,55 0,9 1,2 0,55 0,9 1,2

Earth Station EIRP (dBW) 33,85 33,85 33,88 29,94 29,96 29,96 28,65 28,65 28,66
PFD at satellite (dBW/m2) -131,64 -131,60 -131,57 -135,14 -135,12 -135,12 -136,26 -136,26 -136,25
C/N uplink (dB) -4,03 -3,99 -3,96 -7,52 -7,51 -7,51 -8,65 -8,64 -8,64
C/N+I uplink (dB) -9,94 -9,93 -9,92 -11,28 -11,28 -11,28 -11,86 -11,86 -11,86
C/N downlink (dB) -9,19 -9,15 -9,12 -6,67 -6,65 -6,65 -4,27 -4,27 -4,26
C/N+I downlink (dB) -10,15 -10,11 -10,09 -8,21 -8,20 -8,20 -6,65 -6,65 -6,65
C/N global (dB) -10,35 -10,30 -10,28 -10,13 -10,11 -10,11 -10,00 -9,99 -9,99
C/N+I global (dB) -13,06 -13,03 -13,01 -13,02 -13,01 -13,01 -13,01 -13,01 -13,00
TX power per
inbound  carrier (W) 0,63 0,235 0,133 0,256 0,096 0,054 0,19 0,071 0,04
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A.3 256 kbit/s carriers; TDMA + Slotted Aloha access protocol

TDMA
Link Parameters Uplink Parameters
Bit Error Rate (BER) 10̂ -6 TX ES Polarisation Discrimination 28 dB
Availability   % 99,5 Rain Conditions Presence of Rain ( Hydrometeorological Zone: H)
FEC 0,5 Pointing Losses 0,50 dB
Modulation Type QPSK
Required Eb/No (dB) 6
Link Margin (dB) 0,5 Downlink Parameters
User Data Rate (Kbps) 256 RX ES Polarisation Discrimination 30 dB
Used Bandwidth (KHz) 320 Rain Conditions Clear Sky 

Pointing Losses 0,20 dB

Satellite Parameters
Polarisation discrimination (dB) 33
Transp. Intermodulation C/I (dB) 20
IBO (dB) 3,7
OBO (dB) 8
EIRP  (dBW) 53
PFD  (dBW/m2) -91
G/T (dB) 6,5

HUB antenna diameter (m) 1,2 2,4 3,6
Terminal antenna diam. (m) 0,55 0,9 1,2 0,55 0,9 1,2 0,55 0,9 1,2

Earth Station EIRP (dBW) 44,66 44,70 44,64 40,78 40,79 40,77 39,45 39,44 39,47
PFD at satellite (dBW/m2) -120,72 -120,68 -120,74 -124,26 -124,22 -124,25 -125,43 -125,44 -125,41
C/N uplink (dB) 14,92 14,96 14,90 11,38 11,42 11,40 10,21 10,20 10,23
C/N+I uplink (dB) 8,88 8,89 8,88 7,54 7,56 7,55 6,94 6,93 6,95
C/N downlink (dB) 9,69 9,73 9,67 12,17 12,21 12,19 14,52 14,51 14,55
C/N+I downlink (dB) 8,17 8,20 8,16 9,84 9,87 9,86 11,11 11,10 11,12
C/N global (dB) 8,55 8,59 8,53 8,75 8,79 8,76 8,84 8,83 8,86
C/N+I global (dB) 5,50 5,52 5,49 5,53 5,55 5,54 5,53 5,53 5,54
TX power per
inbound  carrier (W) 7,7 2,9 1,61 3,15 1,18 0,66 2,32 0,87 0,49
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Annex B (informative):
ETSI VSAT standards vs. DVB SMATV Interaction Channel
 An analysis has been performed, in consultation with manufacturers, on the applicability of the existing ETSI standards
for VSAT to the SMATV IC for the SMATV scenario, where a massive network implementation can be foreseen with
hundreds of thousands of terminals around Europe. The analysis here presented is motivated by the need to identify any
potential barrier to develop consumer type SIT, facilitating and promoting in this way, from the pre-standardization
activities the development of the satellite based DVB IC for the SMATV scenario.

 The analysis is performed based on the existing standards applicable to VSAT operating in the Ku-band:

ETS 300 159 [4]: "Satellite Earth Stations and Systems (SES); Transmit/receive Very Small Aperture Terminals
(VSATs) used for data communications operating in the Fixed Satellite Service (FSS)
11/12/14 GHz frequency bands".

ETS 300 160 [6]: "Satellite Earth Stations and Systems (SES); Control and Monitoring functions at a Very Small
Aperture Terminal (VSAT)".

ETS 300 161 [5]: "Satellite Earth Stations and Systems (SES); Centralized Control and Monitoring functions for
Very Small Aperture Terminals (VSAT) networks".

 The parameters specified in the referred standards can be classified into the following categories:

a) Safety.

b) RF performance.

c) Control and Monitoring Functions (CMF).

 The specified parameters could have the following implications:

1) Security.

2) Interference produced to external systems (either produced by a single terminal or by the total population of them
working in the same frequency).

3) Reference of quality or correct performance.

4) Facilitate the interoperability between systems or subsystems.

5) Being documented for demonstrate a specific quality.

 This annex presents a briefing of the analysis results.

 In summary, it can be concluded that the satellite based DVB IC for the SMATV scenario based on existing ETSI
standards for Ku-band VSAT systems can be compliant with the DVB commercial requirements for asymmetric
interactive services, although it is recognized that Control and Monitoring Functions (CMF) are not matched to
networks deployment with a massive number of terminals. It is recommended further study of optimized CMF for DVB
applications at the relevant standardization bodies.

B.1 Safety
 The key parameters for mechanical construction as well as for lighting protection are specified. They refer to the
Security of the system to avoid physical damage to people or installations in the surrounding area. It is understood from
manufacturers that this is not a relevant cost add-on.

 Security measures related with radiation limits for protection of human beings are described in the relevant CENELEC
standard EN 50166-2 [15].
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B.2 RF performance
 The following parameters are specified in the referenced standards:

a) Spurious radiation and on-axis spurious radiation: The purpose is to limit the level of interference to
terrestrial and satellite radio services. It is stated by manufacturers that considering the proper design to be
compliant with the VSAT standard does not increase significantly the final cost of the transceiver.

b) Transmit carrier centre frequency stability: The purpose is the protection of transmissions on the same
satellite. The specification require to remain the power density within the nominated bandwidth, which means
that nominated bandwidth should be documented. The requirements for system performance will vary depending
on the technology. In this sense, CDMA systems will require a more stable local oscillator than those based on
TDMA, which could have a non negligible impact on the final cost of the transceiver.

c) Off-axis EIRP emission density (co-polar and cross-polar) within the band 14,0 GHz to 14,5 GHz:
The purpose is the protection of other satellite systems (the up-link). In this case, the off-axis EIRP produced by
the total population of terminals working simultaneously in the same frequency should be considered in order to
respect co-ordination agreements with other satellite operators as well as ITU Regulations.
For the case of CDMA systems off-axis EIRP should be evaluated for all terminals working in the same
frequency slots, although with orthogonal codes. Also in case of contention modes the possibility of several
collisions at the same time should be considered. Off-axis EIRP is the key factor constraining the trade-off among
antenna side lobes performance (antenna size), EIRP per terminal (or maximum allowed power to the amplifier)
and maximum number of simultaneous allowed collisions, although some statistical analysis could be applied
when considering the temporal distribution of collisions in order not to consider the worst case of all collisions
simultaneously produced that could be not a realistic event statistically speaking.
In order to have enough margin to cope with off-axis EIRP antenna sizes ≥ 90 cm are recommended with power
amplifiers lower than 0,2 W when considering the assumptions provided in the present document for 16 kbit/s.
See in clause B.4 specific examples of compliance with off-axis EIRP for several scenarios.

d) Carrier suppression: The purpose is to allow for the satisfactory suppression of transmissions of a terminal by
the management station. It is stated by manufacturers that it does not increase significantly the final cost of the
transceiver.

e) Antenna transmit gain pattern (co-polar and cross-polar): The purpose is the protection of other satellite
systems (up-link) and terrestrial systems. It could mean the major barrier to use small antenna systems with poor
performance in terms of sidelobes. Manufacturers are developing new technologies in order to make compatible
the specification with antenna diameters as small as 55 cm; in any case the use of high performance antenna with
reduced sidelobes may increase substantively the final cost of the terminal, at least before the economies of scale
are reached. In any case, it is understood that of axis EIRP should be taken as the determining factor and indeed
it supersedes the antenna transmit gain pattern requirement. It could be the situation where frequency
co-ordination agreements are met, and therefore the off-axis EIRP, with poor side lobes antenna system, provided
the power amplifier is sized properly to avoid overpass the off-axis EIRP limits established by the specification.
See in clause B.4 specific examples of the margin of compliance with antenna transmit gain pattern for several
scenarios.

f) Transmit polarization discrimination: The purpose is the protection of signals on the orthogonal polarization.
It is stated by manufacturers that it does not increase significantly the final cost of the transceiver. In any case,
see in clause B.4 specific examples of the impact of different polarization discrimination values assuming the
same type of carriers in both polarizations.

g) Antenna receive gain pattern (co-polar and cross-polar): The purpose is the protection of the wanted signals
from interference from terrestrial services and from adjacent satellites. Small antennas with poor performance in
terms of sidelobes will cause an excess of interference coming from adjacent satellites. Anyway, the impact of
this excess of interference on link margin degradation could be accepted even for the 55 cm case which impact
implies about 1 dB degradation. See in clause B.4 specific examples of the margin degradation for several
scenarios.

h) Receive polarization discrimination: The purpose is the protection of wanted signals on the orthogonal
polarization. It is stated by manufacturers that it does not increase significantly the final cost of the transceiver. In
any case, see in clause B.4 specific examples of the impact of different polarization discrimination values
assuming the same type of carriers in both polarizations.



TR 101 201 V1.1.1 (1997-10)36

i) Pointing stability: The purpose is to prevent interference to adjacent satellites during severe wind conditions.
It is stated by manufacturers that it does not increase significantly the final cost of the mounting structure.

j) Antenna pointing accuracy capability: The purpose is to make possible precise antenna pointing in order to
avoid interference to adjacent satellites. It is stated by manufacturers that it does not increase significantly the
final cost of the mounting structure.

k) Polarization angle alignment capability: The purpose is to make possible precise antenna linear polarization
alignment in order to avoid interference to adjacent satellites. It is stated by manufacturers that it does not
increase significantly the final cost of the SIT. In any case see in clause B.4 specific examples of the impact of
the dis-alignment angle on the C/I achieved.

B.3 Control and Monitoring Functions (CMF)
 Although the DVB IC for SMATV can be implemented in a cost efficient way based on existing ETSI Ku-band VSAT
standards, it is recognized that CMF are not matched to networks deployment with a massive number of terminals
(tens/hundreds of thousands terminals, usually working with about 100 mW amplifiers and 90 cm antenna). It is
recommended further study of optimized CMF for DVB applications.

 The main recommendation is that the start up and registration mode for a SIT after switching on should be initiated by
the terminal.

 From the functions already described in the ETSI VSAT standards, the following are understood as of a key importance:

a) Each terminal should implement switch on/off on request from the Master Station.

b) Each terminal should be automatically disabled when does not receive the Forward Interaction path carrier because it
might be the case that the antenna has lost the right pointing.

c) Self monitoring functions.

d) Each terminal should provide its status on request from the Master Station.

B.4 Analysis of specified parameters for several scenarios
 This clause analyses the applicability of some of the most relevant parameters from the ETSI standards for VSAT
systems to the satellite based DVB IC for the SMATV scenario. The analysis hereafter presented has been performed for
the two example scenarios that implement asymmetric interactive services supporting broadcast to the home with
narrow-band IC.
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B.4.1 Off-axis EIRP emission density

The maximum EIRP in any 40 kHz within the nominated bandwidth shall not exceed the following limits
(see ETS 300 159 [4]):

Table B.1

Direction ( φ) EIRP limit (dBW)
2,5º ≤ φ ≤ 7º 33 - 25 log φ - 10 log N
7º < φ ≤ 9,2º 12 - 10 log N

9,2º < φ ≤ 48º 36 - 25 log φ - 10 log N
φ > 48º -6 - 10 log N

B.4.1.1 Scenario based on TDMA

 The maximum allowed EIRP and transmission power per station according to the off-axis emission limitation is
presented in table B.2 as a function of the SIT antenna diameter.
Even for the case of a 55 cm SIT with a 1,2 m Master Station, which requires a power amplifier at the SIT of 0,45 W the
margin with respect to the off-axis EIRP specification is more than 2 dB.

Table B.2

Antenna diameter EIRP MAX/STAT Power MAX/STAT
55 cm 36,1 dBW 0,7 W
90 cm 45,6 dBW 2,3 W

120 cm 50,8 dBW 4,6 W
 

B.4.1.2 Scenario based on CDMA

 For this case, several stations may transmit simultaneously in the same frequency slot (up to 127 different codes) and
furthermore, several terminals can collide for the same code in the same frequency slot by the Slotted Aloha contention
protocol. The off-axis EIRP specification will limit the number of stations that can transmit simultaneously in the same
frequency band and therefore will limit the number of collisions.

Table B.3: SIT diameter = 55 cm

HUB diameter EIRP MAX/2 MHz bandwidth PSTATION N

1,20 m 53,5 dBW 0,6 W 63,0
2,40 m 53,5 dBW 0,2 W 155,9
3,60 m 53,5 dBW 0,2 W 209,0

Table B.4: SIT diameter = 90 cm

HUB diameter EIRP MAX/2 MHz bandwidth PSTATION N

1,20 m 63 dBW 0,23 W 535,6
2,40 m 63 dBW 0,09 W 1 311,2
3,60 m 63 dBW 0,07 W 1 768,7

 

Table B.5: SIT diameter = 120 cm

HUB diameter EIRP MAX/2 MHz bandwidth PSTATION N

1,20 m 68,2 dBW 0,13 W 1 886,4
2,40 m 68,2 dBW 0,05 W 4 646,3
3,60 m 68,2 dBW 0,04 W 6 272,5

 

 where:
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PSTATION:  minimum required power per station to transmit a single carrier (see annex A for link budget examples);

EIRPMAX/2 MHz BANDWIDTH:  maximum allowed EIRP in any 2 MHz bandwidth;

N: maximum number of stations that may transmit simultaneously in any 2 MHz bandwidth according to the off-axis
EIRP emissions limitation.

A configuration of 90 cm antenna diameter for the SIT and 2,40 m for the Hub station is recommended in order to
permit a high enough number of terminals transmitting in the same frequency band to achieve an acceptable frequency
bandwidth efficiency.

B.4.2 Antenna transmit gain pattern

In order to protect other satellite (up-link) systems and terrestrial services, the gain in dB relative to an isotropic antenna
shall not exceed the limits represented in table B.6 (see ETS 300 159 [4]).

Table B.6

Direction ( φ) Gain limit (dBi)
2,5º ≤ φ ≤ 7º 29 - 25 log φ
7º < φ ≤ 9,2º 8

9,2º < φ ≤ 48º 32- 25 log φ
φ > 48º -10

Table B.7 provides transmit antenna diagram envelopes for currently available antenna technology.

Table B.7

Direction ( φ) Transmit diagram envelope (dBi)

55 cm
34 - 25 log φ, 2º ≤ φ < 10º

32 - 25 log φ, φ > 10º
90 cm 29 - 25 log φ, φ > 2,5º

120 cm 26 - 25 log φ, φ > 2,5º

Antenna transmit gain pattern is limiting the minimum antenna size to diameters > 90 cm to 120 cm.
Nevertheless, being the protection offered by the antenna transmit pattern redundant of the off-axis EIRP, smaller SIT
could be used provided the power amplifier is adequately sized for being compliant with the off-axis EIRP emissions
limitation.

B.4.3 Transmit polarization discrimination

In order to protect other signals on the orthogonal polarization, transmit polarization discrimination shall exceed 28 dB
within the -1 dB contour. Available antennas meet this specification. Nevertheless, as an example, considering a
reduction up to a polarization discrimination of 19 dB, the link margin degradation of the signals affected in the
orthogonal polarization is estimated in about 0,1 dB for the TDMA scenario, and 0,45 dB for the CDMA scenario
considering 0,9 m for the SIT and 2,40 m for the Hub.

B.4.4 Receive polarization discrimination

To provide protection of the wanted signals from signals on the orthogonal polarization, the receive polarization
discrimination shall exceed 27 dB within the - dB contour. The same impact applies as for the transmit polarization in
case the polarization discrimination were reduced up to 19 dB.

B.4.5 Antenna receive gain pattern

In order to protect the wanted signals from interference from terrestrial services and from adjacent satellites, the antenna
receive gain pattern is limited. Antenna receive gain at 2,4º is specially critical in relation to the interference produce by
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adjacent satellites. Considering a recommended receive pattern of 29 - 25 log φ, and available antennas receive gain,
excess of interference due to adjacent satellites is represented in the following table for φ = 2,4º:

Table B.8

Diameter 29 - log φ (φ = 2,4º) G(φ), φ = 2,4º Excess of
interference

Link margin
degradation

55 cm 19,5 dB 27,4 dB 7,9 dB ≈ 1 dB
90 cm 19,5 dB 20 dB 0,5 dB ≈ 0,05 dB

120 cm 19,5 dB 16,4 dB No excess No degradation

Antenna receive gain pattern is limiting the minimum antenna size to diameters higher than 90 cm.
Nevertheless, excess of interference could be assumed allowing the use of smaller antenna size.

B.4.6 Polarization angle capability

ETSI standards state that it is possible to fix the transmit antenna polarization angle with an accuracy of at least 1º.
C/I decreases 0,2 dB for a dis-alignment angle of 1º with the typical C/I parameters in the link.
For a 2º dis-alignment, C/I decreases 1 dB from 21,5 dB to 20,5 dB.
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