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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MOBILE AND PORTABLE DVB-T/H RADIO ACCESS -

Part 1: Interface specification

FOREWORD
The Internatlonal Electrotechnlcal Commlssmn (IEC) |s a worIdW|de organization for standardlzatlon c
all national electrotechnica ommittee Nationa ommittee he obje of— 0

interngtional co-operation on all questions concerning standardization in the electrical/and electronic
this ehd and in addition to other activities, IEC publishes International Standards\Jechnical\Speqg
Technjical Reports, Publicly Available Specifications (PAS) and Guides (hegreafter (referfedXto
Publigation(s)”). Their preparation is entrusted to technical committees; any IEZ ional Somraittee
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2) The fdrmal decisions or agreements of IEC on technical matters expre S as possjble, an int
consepsus of opinion on the relevant subjects since each te ) epresentatior
interested IEC National Committees.

3) IEC Publications have the form of recommendations for_internatiq aI use and “ass
Comnyittees in that sense. While all reasonable effort g
Publidations is accurate, IEC cannot be h
misinterpretation by any end user.

4) In order to promote international unlformlty,
transgarently to the maximum extent pos
betwepn any IEC Publication and the corregpondj
the lafter.

5) IEC provides no marking Q@roc
equipment declared to b

6) All usérs should ensure that the

7) No liapility shall attach
membjers of its te 2 ¢
other [damage of any ather direct or indirect, or for costs (including legal
expenpes arising out < of, or reliance upon, this IEC Publication or any
Publidations.

8) Attent i \ ive refefences cited in this publication. Use of the referenced publi
indisp 2 3

9) Attent i Re possibiity that some of the elements of this IEC Publication may be the
patenii KC st held responsible for identifying any or all such patent rights.

Internat C 62002-1 has been prepared by Technical Area 1: Terminals for

audio, Videag and ervices, of IEC technical committee 100: Audio, video and mu

systemg d@nd equipment.

The text of this standard is based on the following documents:

CDV Report on voting
100/920/CDV 100/1012/RVC

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.
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IEC 62002 consists of the following parts, under the general title Mobile and portable DVB-
T/H Radio access:

Part 1: Interface specification
Part 2: Interface conformance testing

The committee has decided that the contents of this publication will remain unchanged until
the maintenance result date indicated on the IEC web site under "http://webstore.iec.ch” in
the data related to the specific publication. At this date, the publication will be

* reconfirmed;

* withdrawn;

* replfced by a revised edition, or
*+ amepded.

A bilingpal version of this publication may be issued at a later d

@%
8
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MOBILE AND PORTABLE DVB-T/H RADIO ACCESS -

Part 1: Interface specification

1 Scope

This part of IEC 62002 is a radio access specification for mobile, portable and hand-held
portable devices capable of receiving DVB-T/H services. It includes informative system

convergence terminals. Interoperability with integrated cellular radio

aspects
main cl3
specific
 Fred
e Sup
» Defi
o Defi
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* Antg
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e (C/-(
e Mini

e Immpnity to interfeni

* Defi

hition of an_ens
« Tolefance tols

e SFN
« Tran
e Intef
«  EMC

2 Noi

sses, namely integrated car terminals, portable digital TV sets
htion covers the following areas.

uency ranges

borted modes

nition of receiving conditions

hition of the receiver RF reference model
nition of QoS criteria

nna characteristics

hnel models

erformance with different chan

mum and maximup

patterns

The foll

pwing referenced documents are indispensable for the application of this do

in three
bortable
ed. The

cument.

For dated references, only the edition cited applies. For undated references, the lates
of the referenced document (including any amendments) applies.

t edition

CISPR 13, Sound and television broadcast receivers and associated equipment — Radio
disturbance characteristics — Limits and methods of measurement

CISPR 20, Sound and television broadcast receivers and associated equipment — Immunity
characteristics — Limits and methods of measurement

IEC 601

69-2, Radio-frequency connectors — Part 2: Coaxial unmatched connector

ETSI EN 300 744:2004, Digital Video Broadcasting (DVB); Framing structure, Channel coding
and modulation for digital terrestrial television, V1.5.1
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ETSI ETS 300 342-1, Radio Equipment and Systems (RES); ElectroMagnetic Compatibility
(EMC) for European digital cellular telecommunications system (GSM 900 MHz and DCS
1 800 MHz) — Part 1: Mobile and portable radio and ancillary equipment

ETSI EN 300 607-1, Digital cellular telecommunications system (Phase 2+) (GSM) — Mobile
Station (MS) conformance specification; Part 1: Conformance specification

ETSI EN 302 304:2004, Digital Video Broadcasting (DVB); Transmission System for Handheld
Terminals (DVB-H), V1.1.1

3 Abbreviations

For the purposes of this document, the following abbreviations apply.

A Lambda, wavelength (A = c//)

A2 German analogue TV stereo system
A, Coupling between antennas

AGC Automatic gain control

Agsm Stop band attenuation of the

B Bandwidth

BER Bit error ratio

C

C

Ci

Ct

C/N

C/Npmin

CPE

CR

dB

dBc ompared to carrier power C

dBd Aritenna gain in dB compared to reference dipole (0 dBd = -2,14 dBi)
dBi Antenna gain in dB compared to isotropic antenna (0 dBi = 2,14 dBd)
dB(mW Power in dB compared-to 1 mW

DVB, DVB-T Digital video broadcasting, terrestrial digital video broadcasting
DVB-H Digital video broadcasting to hand held terminals

DVB-RCT DVB terrestrial return channel

E Field strength V/m

E(dBpVv/m) Field strength in dB compared to 1 pVv

EDGE Enhanced data rates for GSM/global evolution

EMC Electromagnetic compatibility

END Equivalent noise degradation

ENF Equivalent noise floor

ESR Erroneous second ratio
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F Frequency in Hz

f(MHz) Frequency in MHz

fc Centre frequency

F Noise factor

fd, Fd Doppler frequency

Fdzyg Doppler frequency with minimum C/N requirement raised by 3dB

FER Frame error rate

G Gain

Ga ATTtenTTa gaim

GI Guard interval

GPRS General packet radio service

GSM Global system for mobile communicatio

1 Interfering power

ICI Intercarrier interference

J joule

K Boltzmann’s constant k = 0

K kelvin

L1, L2, L3 Linearity patterns

Lasm Insertion loss of the GSM er

LNA i aplifi %

MER vlatio iQ

MFER

MHz

MPEG-2 expert group, video compression standard

N, m, N

NF

NICAM dditiohal sound carrier for analogue TV, modulated with a near
antaneous compended audio multiplex

PA Power amplifier

PAL, PALB,PAL G Phase alternation line, TV-systems using PAL

PAL I, RAL 14

PER Packet error ratio

P Input power W

P, (dB(mW))
P
P

max
min

ppm

PSI/SI

Prx

Px

QAM16, QAM64

Input power dB compared to 1 mW

Maximum power

Minimum power

Parts per million

Program specific information, service information
Transmission power

Excess noise power dBc

Quadrature amplitude modulation, 16-level and 64-level versions
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QEF Quasi error free

QoS Quality of service

QPSK Quaternary phase shift keying

RF Radiofrequency

RS Reed solomon

Rx Receiver

51,82 Selectivity patterns

SECAM, SECAM L Sequential & mémoire, TV system using SECAM
SFN Simgtefrequency retwork

SFP Subjective failure point

T Temperature in kelvins

Tc Corner point

Te Total duration of the gating pulses
ti Time of arrival for the i-th signal

TS Transport stream

Tg Guard interval duration
Tu Active symbol duratjo
Tx Transmitter

fon multiple access

iént for the i-th component

4 Tenmir

In this ication \three different terminal categories are considered. The requifements
cover al

The terminal categories are:

a) Integrated car terminals

This category covers DVB-T terminals installed in a car and where the antenna is integral
with the car.

b) Portable digital TV sets

This category covers terminals, which are intended for receiving normal MPEG-2 based
digital TV services indoors and outdoors with terminal attached antennas. This category is
divided into two subcategories.

1) The receiver screen size is typically greater than 25 cm and the receiver may be
battery- or mains-powered. Typically, the terminal is stationary during the reception.
An example of the antenna construction may be an adjustable telescope or wide-
band design, either active or passive, attached to the receiver.
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2) Pocketable digital TV-receiver. The terminal is battery operated and can be moved
during use. Usually the antenna is integral with the terminal.

c) Hand-held portable convergence terminals

This category covers small battery powered hand held convergence terminals with built in
cellular radio like GSM, GPRS or UMTS. The terminals have the functionality of a mobile
phone and can receive IP-based services using DVB-H over DVB-T physical layer. The
DVB-T antenna and the cellular antenna are both integral with the terminal.

5 Definition of receiving conditions

5.1 Potrtablereception

This is \vhen a portable receiver (terminal category b1) with an attach
used infdoors or outdoors at a minimum height of 1,5 m above flgo
assumefd that the receiving antenna is omni-directional. It is also a

and any| nearby large objects are stationary. Extreme cases,
shielded rooms, are disregarded. [1]1’

As a special case of portable reception a small hand-hg

b2 or c)|is used indoors or outdoors at a minimum h

It is aspumed that the receiving antenna is omnitdirgcfional
channell conditions can change due to _slow m@

nearby large objects. Extreme case '
disregarnded.

ms, are

The maln difference between portable gain of
the ternjinal.
5.2 Mobile reception

5 higher

This applies to tt;:{;us
than 3 km/h. It ving antenna is omni directional with a minimum
height gbove groung vehicles such as buses or high-speed traifs could
be cons 31

A small s table seiver (terminal category b2 or c) used within a car|or train
could al se of mobile reception. [2]

6.1 C|hanne| frequencies

The channel frequencies of bands Ill, IV and V are given below 6 MHz, 7 MHz and 8 MHz
channel rasters used in various countries. The centre frequencies fc¢ of the incoming DVB-T
RF signals are as follows.

1 Figures in square brackets refer to the Bibliography.
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For countries using 8 MHz channel raster

fe = 1

78 MHz + (N - 6) x 8 MHz +f offset

N = {6, ...,12} (VHF channel number)

For countries using 7 MHz channel raster

fe = 1

77,5 MHz + (N — 5) x 7 MHz +f offset

N = {5, ...,12} (VHF channel number)

For countries using 6 MHz channel raster

fe= 1
N= {

In some| countries offsets may be used

Preferre

UHF IV

For countries using 8 MHz channel raster

fe = 4

n= {

fe = 5

n=

fe= 4

n= o

In some| countries S
Preferref offset is & 1

In the U

The err
in MFN.
exceed

6.2 Suppo guency ranges

The rec

P1, ...,69} (UHF channel number)
For countries using 7 MHz channel raster
= 29,5 MHz +(N — 28) x 7 MHz +/ offset
P8, ...,67} (UHF channel number)
For couptries using 6 MHz chan €

77,0 MHz + (N - 7) x 6 MHz +f offset
, ...,13} (VHF channel number)

0 offsetis + n x 1/6 MHz. n = {1, 2,...}

hnd V

74 MHz + (N - 21) x 8 MHz +f offset

(7c) of the transmitted RF signal should not exceed
entre frequency (fc) of the transmitted RF signal sh

eivers’in teririnal categories a and b1 shall be able to receive all channels in

band IlI

500 Hz
buld not

he VHF

and UHF bands IV and V. VHF |ll can be left out in market areas, where it is 1

ot used.

The receivers in terminal category b2 shall be able to receive all channels in UHF bands IV
and V, VHF Il is an option depending on the market area needs. The receivers in terminal
category c shall be able to receive all channels in UHF band IV and V, provided that the

terminal

does not support GSM 900.

In the case where GSM 900 is used in a convergence terminal (category c), the usable
frequency range is limited to channel 49 (698 MHz) due to the interoperability considerations.
Supported frequency ranges are shown in Table 1.
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Table 1 — Supported frequency ranges

Terminal category VHF 11l UHF IV UHF V
a Integrated car terminals | Yes, in areas where VHF Yes Yes
is in use for DVB-T
b1 Portable digital TV sets Yes, in areas where VHF Yes Yes
is in use for DVB-T
b2 Pocketable TV sets Optional Yes Yes
c Convergence terminals No Yes Yeslup to ch 49

€ee text™above
N

6.3 Supported bandwidths

The regeiver should support the 6 MHz, 7 MHz and 8 MHZ\ band t ing to the
market prea needs. 5 MHz variant of DVB-H exists, but is"n i ification.
DVB-T modes

7 DVB-T modes

7.1 Supported DVB-T modes

The receiver shall be capable of
ETSI EN 300 744, except the code rat
work with any combination g

ernodulating all modes specffied in
g front end shall therefore bg able to

» congtellation (QPSK
e code rate (1/2,2/3,

e guand interv

frical 16-QAM, hierarchical 64-QAM);

* trangmission mod
* whef
Receive

specifie
The fron

N C ¢ should be capable of correctly demodulating thg modes
300 ¥4 \Annex F, additional features for DVB hand-held terminals (PVB-H).
Notherefore also be able to support

o 4Kk tn

. in-dTpth interleavers usable in 2k and 4k modes.

During channel search, the receiver shall automatically detect which mode is being used. The
receiver, when fed with one of the hierarchical modes (16-QAM or 64-QAM) specified in
ETSI EN 300 744, shall be capable of correctly demodulating whichever of the high or low
priority streams is selected by the user.

7.2 Change of modulation parameters

Dynamic change of modulation parameters during the transmission (signalled in the TPS data)
does not have to be supported by the receiver. If this happens, then a new channel search
may be required in order to detect which mode is being used.

7.3 Tuning procedure

The receiver shall be able to provide a channel search. It shall also be able to receive
information regarding tuning parameters found in PSI/SI.
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8 Transmitter performance

8.1 Transmitter noise-like impairments
8.1.1 Noise-like processes

Many of the impairments introduced by transmitters are said to be ’'noise-like’, because their
effect is equivalent to the addition of white Gaussian noise. This equivalence enables the
overall ’'noise’ power to be calculated by summing the ’'noise’ powers introduced by the
individual impairments. It is then approximately true that the total END, as defined in the
following paragraph, equals the sum of the contributing ENDs.

The im

* Fini

* High-frequency phase noise introduced by local oscillators and \ that is,
thosge phase noise components occurring at offset frequencjgs-g e OFDM
carrier spacing.

* Thefmal noise.

« Amgplitude errors (work carried out by the Digital|Tr e i i this to
be g noise-like impairment).

Impairments that cannot be considered aussian

noise ale the following.

« Grolp delay errors.

+ Lowifrequency phase ¢

These

A transmi

A typice el once
the OFI n MER.
(When ign: ENF
equals ratio of
carrier p Dllowing

formula

1/END = 1 = {(C/N),o | MER}

where (C/N),¢f is the carrier-to-noise ratio at which the monitoring receiver gives the reference
BER. The quantities here are all expressed in linear terms. Expressing them in more
convenient dB gives Table 2.
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Table 2 — Conversion of MER to END

MER — (C/N) END
dB dB

12
13
14

-

-
[ )]

EN
-«

-
© | o

20
23
26

(C/N).ef|also has to be determined: it is the carri nitoring
receivel gives the reference BER. For the 64QAM dB: the
theoretigal figure is 16,5 dB, to whick 3 ] i ) for the
channel igh

MER m 3 de_response errors: they look for ‘real’
noise appearing on the OFDM signal, - ¢ errors.
The ‘calibrated’ test transpfitter is ti owance
should e made. Reference [10] | ide i He:

END (dB) = 0,021

As an example, Eses an
amplitudle responsg qk-to-peak. The (C/N).s of the receiver is 19 §B. The

END of of two contributions:

MER S 19dB =20 dB

END| dB (from Table 2)
The con amplitude response ripple is given by

END), 0,5)2 dB

o ~

The total END (END; + END, ) of the test transmitter is therefore 0,049 dB.

8.2 Further transmitter impairments
8.2.1 Group delay errors

At the input to antenna feeder, the delay of any OFDM carrier relative to that of any other
should not exceed 500 ns.

This value may be measured by exciting the first analogue up-converter with a frequency
sweep waveform and examining the group delay response into the input to antenna feeder.
Note that most of the group delay errors are likely to be introduced by any high-power filters
and combiners.
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8.2.2 Phase noise in OFDM systems

Phase noise is introduced by local oscillators and timing references within the transmission
chain. If a noisy oscillator signal is viewed on a spectrum analyser, the phase noise appears
as sidebands symmetrically disposed about the oscillator centre frequency. Away from the
centre frequency, the sideband density generally falls off rapidly. Oscillator phase noise
degrades the signal because, in the frequency conversion process, the noise is transferred
from the oscillator to each of the carriers within the OFDM ensemble.

Phase noise is specified by quoting L(f), the single sideband phase noise power in a 1 Hz
bandwidth at a frequency f from the centre frequency. The unit of L(f) is dBc/Hz, the “c”
signifying that the reference is the total power of the oscillator. Oscillator manufacturers
normally provide plots of L(f) versus f.

At the receiver demodulator, the phase noise has two different effects’ ent¢y noise

demodulator. High-frequency noise introduces ICI. The noisg
superimposed upon the neighbouring carriers within the ensemXle, andyeanno be remjoved by
the demodulator. Because CPE and ICI are different in their effect.‘they \must be gpecified
differently.

ICI may be calculated approximately by integrating L¢ , half the
OFDM garrier spacing and for all carriers within the ense . accdrate calculatiop makes
use of weighting functions; see, for in system
noise flpor, or ENF, which may be m s ICI is
genuinelly “noise-like”, the END may be

An approximate value of CPE is givep by-inte half the
OFDM tarrier spacing and for a_sing j i . in, gccurate

calculatjon makes use @
1 radian? or dB(rad2).
In order| for a trans

recommlended that the
-40 dB( .

by refer

result is expressed in dB relptive to
s pends strongly on the receiver|design.
ith all possible receiver designg, it is
es of f greater than 10 Hz should not|exceed

8.2.3

The errgmin ency of the transmitted OFDM signal should not exceed 3 § 10 ~°
8.3

The speetrummas pecifiedrthis—stbe e-are-designed eventinterferencebetween

digital terrestrial TV transmlssmns analogue terrestnal TV transmlssmns and other
transmissions. Transmissions conforming to these masks will not necessarily be acceptable in
other respects. For example, the amount of transmitter non-linearity implied by 8.3.1 could
give rise to an excessive END. Receiver manufacturers should note that transmissions outside
bands IV and V could cause interference if the receivers are not suitably designed; GSM
(900 MHz) and Tetra (380 MHz to 470 MHz) are such transmissions. The masks may be
changed in a future edition of this specification.

8.3.1 DVB-T signals (general)

All DVB-T emissions shall at least meet the spectrum mask requirements defined by
ETSI EN 300 744, chapter 4.8.2, for system B/G/I/K/L environments.
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8.3.2 DVB-T signals (critical cases)

Where the DVB-T transmission is at the edge of the UHF band, or adjacent to sensitive non-
broadcast applications, a second spectrum mask with higher out-of-channel attenuation shall
be used. The requirements are given in ETSI EN 300 744 chapter 4.8.2.

8.3.3 DVB-T signals (DVB-T in adjacent channel)

At sites where a DVB-T transmission is present in the adjacent channel, additional restrictions
on the transmitted sideband energy may be necessary. Work has shown that, if the two
transmissions are to be received with a level difference of 25 dB, the total sideband power in
the adjacent channel should not exceed —60 dBc. (This interference level corresponds to an
END of 0,1 dB for the 64QAM 2/3 maodulation mode )

9 Regeiver antenna characteristics

9.1 Antennas for terminal category a

The pragtical standard antenna for car reception is A/4 mg & the metallic roof

as ground plane.

The an oh the positionp of the
antenng es can be expectdd:

VHF I -3 dBi

UHF I\ 0 dBi

UHF V 1 dBi
The polarisation discriminati . ' . aut 4 dB to 10 dB depending on the roof

position| of the antenna

The horjizontal St ment in
the propagation pa ' i veseNunpredictable effects, the polarisation discrimination
will be less than th ica

The phi esulting
lower a nas will
enhancg

The di ioming of\the diversity system and the amplifiers should compensate the lower

gain an ¢ in the radiation pattern of the single screen antennas to aghieve a
similar feception quality compared with the single roof monopoles mentioned aboje. The
diversit i isati fscrirmiTTati

9.2 Antennas for terminal category b1

In Chester 97 [1], it is assumed that the antenna of a portable receiver intended for indoor or
outdoor reception is omni-directional and that the gain relative to A/2 dipole is 0 dBd for a
UHF antenna and -2,1 dBd for a VHF Ill antenna. To achieve these gains it is probably
assumed that the rod type antenna length is adjusted to be optimum for each reception
frequency.

However, an individual adjustment of the antenna length to the current frequency is not
practicable. As consequence of it, a fixed length must be chosen. An acceptable value could
be 100 mm to 150 mm. This corresponds to a A/4 rod antenna for UHF IV / V.
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For a passive version of an attached antenna the following gain values are typically:

VHF Il —6 dBi
UHF IV -1 dBi
UHF V 0 dBi

2005(E)

The preferential direction for the best reception differs because of the use for portable
reception. In addition to this reason, the position of the antenna at the receiver could be

variable.

No polapisatien-discrimination-can-be-expected-inVHFEIH-

In UHF |V / V a polarisation discrimination up to 6 dB is possible.

9.3 Antennas for terminal category b2 and ¢

The antenna solution in a small hand held terminal has to be terminal
construg¢tion and will therefore be small when compared to Vel hna has
to cover the whole wide tuning range, it probably has Ao be ith~e n’Latching
circuit. The resistive part of antenna impedance (radiati i atched
to the receiver input impedance, will be rather s antenna
(< 1/10 Y). This leads to rather high lgs , in this
type of ferminal the ground plane doe lowever,
even thie size of the radiating ground elength
resulting low radiation efficiency.

Another|issue is the influepte of the uss ation characteristic of the antennd.
Depend hn body
could ad

Current n at the
lowest the end
of UHF y linear
interpol

In case v \ y range
is limitepto_channek49 [69 SM 900
is not uged, this\imitation’does not apply.

Genera ception

antenn

Typical

ly,<no polarisation discrimination can be expected from this type of portable r

gain of the antenna is presented in Table 3.

Table 3 — Typical antenna gain for terminal category b2 and ¢

Frequency Gain
MHz dBi
474 [channel 21] -10
698 [channel 49] -7
858 [channel 69] -5
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9.4 External antennas
9.4.1 General

External active or passive antennas may be used. More information about external active
antennas is found in Annex A.

9.4.2 External antenna connector

External antenna connector may be provided in all terminal categories. For terminal category
b1, the connector shall be IEC female in accordance with IEC 60169-2. The input impedance
shall be 75 Q.

The inplit connector for terminal category b1 can, as an optional featur i Lpply of
DC-power for an active indoor antenna. This supply should have the fo{lowin ristics.

« 5V(IDC), maximum 30 mA, the centre contact as a positive terming

e Thelsupply should be short circuit proof.

« Thelsupply can be switchable by software, default state

10 Recgeiver performance

10.1 Reference model
The rec odel shown in

Figure 1.

Field
strength

"

Only in DVB-H receiver

| IP out
DVB-T DYB-H DVB-H DVB-H
demodulator t',m,e MPE- IP-de- .
slicing FEC encapsulation
TS reference IP feference
point poiht
FER MFER
reference reference
point point

Figure 1 — Reference model

All the receiver performance figures are specified at the reference point, which is the input of
the receiver.

Relation between field strength and input power is:

E = 4nnPM DL
G, ¢

where 7 = 1201 Q. Note that the optional GSM-reject filter is not included in the above
formula.
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Practical formula in dB:

E[dBuv I m| = P,[dB(mW ) - G dB +Lgs)] dB +77.2+20log,q | MHE

10.2 Noise model

A useful model for calculating noise performance is illustrated in Figure 2 [6].
The terminology used is as follows:

C = Signal input power (W) of the DVB-T ensemble

k = Boltzmann’s constant (1,38 x 1023 J/K)

T = Réference temperature (290 K)

B = System noise bandwidth (7,61 MHz, 6,65 MHz or 5,71 MHZz)

The mogel comprises the following representative components.

* A frpnt-end stage with noise factor F and ‘perfect’ 2 qntrot” (AGC). The
actign of the AGC is to provide a power gain of 1/C, ahd i fput is unity as a
congequence.

* An gxcess noise source of power P,. Note that, by ngrrhali arrier power to| unity at
the funer output, the relative value P_ can be@addeddi i

¢ A practical but unimpaired de i dddlator with a fast [channel
equaliser and a consequent implem i

Tuner with ideal AGC (\

Input level C Practical but
unimpaired —»
demodulator

Excess 'backstop' noise P,
ise ac%@ Gain G =1/C
Figure 2 — Noise model

Note thg:t the-relati

chain. Significant contributions could include:

excess noise P, is the sum of contributions from all stages in thle signal

* Local oscillator phase noise.

* Quantisation noise introduced by the demodulator analogue-to-digital converter.

+ “Backstop” thermal noise introduced after the gain-controlled stages in the receiver.

¢ Transmitter intermodulation products.

The carrier-to-noise ratio is C / k7B at the tuner input, and CG / kKTBFG at the tuner output.
Hence the carrier-to-noise ratio at the input to the “practical” demodulator is given by

C/N

CG | (KTBFG + P,)
C/ (kTBF + CP) , since G = 1/C.

NOTE All the above parameters are taken to be linear quantities. In practice, it is more usual to express C/N, C, G,

Fand P, in dB.
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10.3 Degradation criteria

Four different degradation criteria are used. The criteria a and b can be used in the non-
mobile cases. Criterion ¢ is for mobile reception and criterion d is used with |IP-streams and
DVB-H:

a)

Reference BER, defined as BER =2x10~% after Viterbi decoding.

This criterion corresponds to the DVB-T standard defined quasi error free (QEF) criteria,
causing "less than one uncorrected error event per hour”. In the stationary reception cases,
QEF is equivalent to the reference BER after Viterbi decoding.

Picture failure point.
The pi i ors start
to a han the
normal reference BER cr|ter|on which might be unreachable. A efinition
can |be made using the ESR; (erroneous second ratio 5 %) cyitgri \ allgws one
erropeous second within the 20 s observation period in the transportstream te that
the reception quality is poor at picture failure point as op€ passiblg.extor  each 20 s
inteqval is too much for fixed TV-reception. itekj eSs [suitable
measurements, and a 1-2 dB carrier power increase will ception qpality to
QEHR-level. Table 4 shows the correlation betwe - ture failure i bnd the
refefence BER error criterion for various measure . ified performande in the
indigated subclauses is given for reference BER [ ¢ failure
point is used in the measurement, the meas ponding
refefence BER value by using Tabl
Table 4 — Delta values between pictine fai and reference BER
Measurement ( (\ \S\ub%use Delta [dB]

C/N in Gaussiangﬁ%el /\\ \> 10.7.1 1,3

Minimum mpNeM N )\/ 10.8.2 1,3

Immunity to %th\M|S \ 10.9 2,0

Imm |ty\§> Qchann@ NV 10.10 2,0

C/N in Pixgd andportabiéichannels > 10.7.1, 10.7.2 1,3
Sub
The BER, aning perfect “quality of transmission”, is unfortunately not|suitable
in t i . In mobile cages, the
refe ’ . may give unstable values which could result in an underestimation
of DVB-F mokj pabilities. Within the motivate project, a subjective quality has been
definedy ;referred” to as the subjective failure point (SFP). SFP corresponds [to: “On
ave isi i i j i i 5”. This

corresponds the ESR; (erroneous second ratio 5 %) criterion, which allows one erroneous
second within the 20 s observation period. Thus, the ESR; method can be used to measure
the SFP. The SFP corresponds also fairly well to a packet error ratio PER = 10~4 after RS-
decoder at the demodulator TS-output. The observation period for the PER-measurement
should be at least 800k TS-packets, corresponding roughly 2 min with 16QAM CR="%
GI=1/4mode.

DVB-H criterion

In DVB-H a suitable degradation criterion is the MPE-FEC frame error rate (MFER),
referring to the error rate of the time sliced burst protected with the MPE-FEC. As an
erroneous frame will destroy the service reception for the whole interval between the
bursts, it is appropriate to fix the degradation point to the frequency of lost frames.
Obviously, the used burst and IP-parameters will affect the final service quality obtained
with certain fixed MFER, but experience has shown that the behaviour is very steep and a
very small change in C/N will result a large change in MFER. MFER is the ratio of the
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number of erroneous frames (i.e. not recoverable) and total number of received frames. To
provide sufficient accuracy, at least 100 frames shall be analysed.

Number of erroneous frames x100
Total number of frames

MFER[%) =

It has been agreed that 5 % MFER is used to mark the degradation point of the DVB-H
service. Note that the service reception quality at the 5 % MFER degradation point may not
meet the QoS requirement in all cases. The criterion is nevertheless suitable for
measurements, and a small 0,5 dB to 1dB carrier power increase will improve the
reception quality to less than 1 % MFER.

It is also possible to estimate the MFER with good accuracy without performing the actual
MPE-FEC calculation by just observing row by row the number of erroneous bytes and
comparing this with the error correction capability of the RS code uged and marking the
row | erroneous or non-erroneous. If all rows are non-erroneo e’lis non-

erroheous. With this method, it is possible to decode all service ansport
stream) in parallel and shorten the observation time for the 100 framges nee
In D\VB-H receivers with no MPE-FEC the FER criterion ca Hifferent
way| A frame is marked erroneous if any TS packet withi is. This
criterion is called FER and the degradation point is se 8 % FER
may|lead to better actual QoS than 5 % MFER as InERN 3 few TS
pack able frame is probably
highly corrupted. The actual performance figur very similar|to what
would be achieved using the ESR; criterion to 3
10.4 Dliversity receivers
Antenng diversity receivers, like the op€ i ill reduce the effect of the fagt-fading
Rayleigh channel, which is always pr iR 0L sceiving environment. In an pntenna
diversity receiver, output si i arabantennas are linearly combingd using
adjustalple complex weig ing-deg d. Implementations may differ

by the antenna [syst icCs—number of antennas, relative ppsitions,
oriemptation an j S8ach enna (polarization, radiation pattern, etc);

by th [ 3 1 s, anc\possibly iteratively adapt the weight factors.

= S N DVB-T L)

decoder

Figure 3 — Antenna diversity receiver

In mobile reception conditions (terminal category a), antenna diversity is expected to offer a
gain equivalent to a reduction of the required transmitted power by 6 dB to 8 dB for the same
coverage. It should also allow the maximum speed of the mobile for correct reception to
increase by a factor of two.

In portable indoor reception (terminal category b1), the channel conditions change more
slowly than mobile reception.
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The benefit of diversity reception is a reduction in the probability of having deep or flat fades
on two antennas simultaneously. A single antenna will have a fade level that is both position
and channel (i.e. several frequencies) dependent. Therefore, antenna diversity offers
improved reception of all available multiplexes.

For small hand-held terminal (terminal categories b2 and c), the diversity approach is not
practical due to the power consumption and cost limitations and due to the small terminal size,
which limits antenna separation in this frequency range.

10.5 DVB-H receivers

DVB-H, as specified in EN 302 304, is a transmission system to provide an efficient way of

carrying multimedia services over digital terrestrial broadcasting networks\to chand-held
termina s extra
error cq agrams
encapsulated with multi-protocol encapsulation.
A full D as well
as serv the link
layer and the physical layer.
« Link|layer
- 1 nal and
g
— K for an
i ance in mobile channels, also improving
t

DVH-T (ETSI EN BQ0 7x it argeting

DVH-H use.

- DVB-H s@' ry. Cell
iflentifier is & bquency
l.

- 4 obility and SFN cell size, allowing single-antenna recgption in
n igh speed, thus adding flexibility in the network design.

- sybol interleaver for the 2k and 4k modes for further improving their

It shouldd bermentioned that both time-slicing and MPE-FEC technology elements, as they are
implemgntedon the Tink layer, do not impact the DVB-T physical layer in any way.

A DVB-H receiver will in general have the same RF performance as a DVB-T receiver when a
similar testing environment and degradation criterion is used (see the DVB-T tables provided
in 10.7). If MPE-FEC is used with DVB-H, this will improve the C/N performance and new C/N
tables are needed. Preliminary information of the DVB-H C/N performance is given in Annex D.

Receivers in terminal category ¢ will be DVB-H receivers. Optionally, receivers in other
terminal categories can also support DVB-H.
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10.6 Channel models
10.6.1 Portable indoor or outdoor reception

The Rayleigh fading channel (P4) defined in the DVB-T specification ETSI EN 300 744 is used
to describe the portable indoor or outdoor reception conditions. The channel does not include
any Doppler and should therefore be considered as a snapshot of a real time variant Rayleigh
channel. The model has 20 taps and is therefore difficult to use in any practical work.

In Table 5, one possible 6-tap approximation is given [15]. The channel response of this
approximation is a good match to that of P1 and the signal power has been made the same.
Note that the signal power is 4,24 dB greater than that of a single 0 dB path (Gaussian
channelydueto the vector addition of the six paths.

Delays have been defined at an accuracy of 0,05 ms and the startin inti v plitudes
have bgen defined indB at an accuracy of 0,1dB. The absolyt b exact
transformations of those. The phases have been defined in deg ACy.

Tap number Delay r Amplitude r evel - Phase 6
s @) i

1 0,00 0,358 921(93\ \}" /¢ /8.9 \_ -165

2 0,45 < R0 0 0

3 0,55 0.785'23563 N2/ 125

4 1,85 (0588 84366\ |\ -46 .26

5 \0.48¢ 12237 6,3 -150

6 0451855 94\ /| 6,9 164

>~
10.6.2 | Mobile ¢
The technical s i f CQST 07 }4] describes the equipment and techniques|used to
measure P r typical bandwidths of 10 MHz to 20 MHz 4t nearly
profiles to mobile DVB-T reception was mad¢ by the

900 MHE.

It has been defined by
rsion in
delay andiretatively trong power. The proflle parameters are g|ven in Table 6 This |channel
profile has-bee proven-tc 2 : : ore obile eception bylseveral

field tests.

This profile re e terrestrial propagation in an urban area.

Table 6 — Typical urban profile (TU6) constitution

Tap number Delay Power Doppler spectrum
us dB
1 0,0 -3 Rayleigh
2 0,2 0 Rayleigh
3 0,5 -2 Rayleigh
4 1,6 -6 Rayleigh
5 2,3 -8 Rayleigh
6 5,0 -10 Rayleigh



https://iecnorm.com/api/?name=9f0fb982fe1b5ef2358d62c14b5a51eb

62002-1 O IEC:2005(E) - 25—

10.6.2.2 Receiver performance in the presence of Doppler shift

Until a given Doppler limit (or inter-carrier interference level), the receivers are able to
perform sufficient channel equalization to demodulate the DVB-T signal. Then, when the
Doppler (i.e. the speed of the mobile) further increases, the recovery performance decreases
drastically until a point where no demodulation remains possible [5].

In general, the required C/N over a mobile channel is defined as the average C/N over a
sufficiently long time as to obtain a stable value, and a sufficiently short time as to avoid any
influence of shadow fading. For a given DVB-T mode and a given channel profile, the required
C/N for a certain quality level is therefore a function of Doppler frequency only, and a graph
like the one presented in Figure 4 can be drawn.

C/N &

Working
reception
area

(C/N)iny 30BN - L

(C/Nhvin 1+ /\

v

amx/2 Tsads  Jamax  Doppler
frequency y

This cunve is chara
signal r '
is relati

; C/Npin» Which gives information about the minimum
en in motion. For low speeds, the required C{N value
specific Doppler frequency. For higher speeds (or [Doppler

frequengi alue increases gradually until a maximum acceptable [Doppler
frequen

To char i ) sus Doppler curve in a given DVB-T mode, using a given [channel
profile, S

TP1: the‘maximum
TP2: the C/N at half of maximum speed

Doppler limit which characterizes the “absolute maximum speed”

TP3: the C/Nnin + 3 dB which gives indication on the speed limit
TP4: the C/N,

min

at low Doppler (10 Hz)

10.7 (/N performance
10.7.1 C/N performance in Gaussian channel

The receiver should have the performance given in Table 7 when noise (V) is applied together
with the wanted carrier (C) in a signal bandwidth of 7,61 MHz. The values are calculated using
the theoretical C/N figures given in ETSI EN 300 744 added by an implementation margin of
2,5 dB and using the noise model given in 10.2 with a receiver excess noise source value P,
of =33 dBc. An ideal transmitter is assumed. An example of the effects in transmitter
degradation on the C/N values is given in Annex B.
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Table 7 — C/N (dB) for reference BER in Gaussian channel

Modulation Code rate Gaussian
QPSK 1/2 5,6
QPSK 2/3 7,4
QPSK 3/4 8,4
16-QAM 1/2 11,3
16-QAM 2/3 13,7
16-QAM 3/4 15,1

64-QAM 1/2 17,0
64-QAM 2/3
64-QAM 3/4

NOTE 1 Reference BER is defined as BER = 2
Viterbi decoding.

NOTE 2 The figures in ETSI EN 300 744 are all
early simulation work and could change as a rés
simulations.

Informa channel
can be found in Annex D.

10.7.2

The rec ogether
with the

Hz. Degradation point critgria a or
b shoul the theoretical C/N figures Eiven in
ETSI EN : i ati argin of 2,5 dB and using the noisg¢ model
given in \0i value P, of =33 dBc. An ideal transpmitter is
assume itter degradation on the C/N values is given in
Annex B.

reference BER in portable channel

Code rate Portable
S\ 112 7,9
N \apsK 2/3 10,9
\ Y apsk 3/4 13,2
.~  16-QAM 12 13,8
16-QAM 2/3 16.8
16-QAM 3/4 19,4
64-QAM 12 18,7
64-QAM 2/3 22,1
64-QAM 3/4 24,8

Information on the C/N performance of DVB-H receivers with MPE-FEC in portable channel
can be found in Annex D.
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10.7.3 C/N performance in mobile channels

The single antenna receiver should have the performance given in Table 9 when noise (V)
and Doppler shift (Fd) is applied together with the wanted carrier (C) in a signal bandwidth of
7,61 MHz. C/N,,;, gives the required C/N performance at Doppler frequency of 10 Hz. deax

the maximum achievable Doppler frequency when no noise is applied. Fd;;; gives the
achievable Doppler frequency at a point where additional 3 dB noise is applied over the
C/Npin Value. Degradation criteria of PER = 10~4 is used due to the bursty nature of the error
behaviour. This error criteria corresponds rather well to the SFP. The normal reference BER is
not applicable. The performance figures are given to the shortest guard interval 1/32, which is
the least critical case in terms of Doppler. With 1/4 guard interval about 85 % of this
performance is to be expected. The performance figures are based on the motivate reference

| o |

receiver I
Table|9 — C/N (dB) for PER = 10~4 in typical urban channel for ?@a tXaQ:eiver

Guard interval = 1/32 2k Speed at Fd;; \&d’at Fd;,p
km/h km/h

Modulatipn | Bit rate | Code | ¢/N,,;, | Fd,,,. |Fd;;5| 200 | 500 | 8009 C/N Fd3d 200 | 5do | 800
Mbit/s | rate dB Hz MHz MHz)II-Hz\ Hz MHz | MHz | MHz

QPSK 603 | 12 | 13,0 | 318 | 250 | 1398 | 55¢ | 3sa | 130976 | 65 |349[140| 87

QPSK 8.04 | 23 | 16,0 | 247 [ 224 [ 1207488 | 307 ] M0 65| 53 |286 | 14| 71

16-QAN | 12,06 | 172 | 185 | 224 |A8x] 2of6)\19,5,] 59 | 47 [254 [1d2| 64

3
16-QAN | 1609 | 273 | 21,5 | 176 | a7 ata 1o 215/ | 41 | 35 [191| 75 | 48

o7

64-QAN 2413 | 213 | 27,0 | 82 \§5 \4\0\5}7} 270 | 24 | 18 |95 | 3B | 24

985 \
R
64-QAN 18,10 1/2 23,5 141 ﬁSA 63%\ 4 9| 23,5 35 29 159 | 64 40
Ex
NI

The diversity receiver . milar to
that of [Table 9 but take i i i i of the
maximum Doppl q i iques.

Table 10 — C/X{dB)or\PER 0<41n typical urban channel for diversity receiver

Guard interval =4/3 Speed at Fd; 8k Speed|at Fd;;
km/h kp/h

Modulatip/{B e Noade %in Fd,. | Fd;;5 200 |500 [800 | oV, | Fa,,, |Fd;,; | 200 [5po |800

bitipy|rate Hz MHz |MHz |mHz| B | ™Z MHz | MHz | MHz

QPSK 603 Na2) |70 [se0 [518 [2795 [1118 [699 [70 [140 [120 [699 [2Bo [175

QPSK 804 |2/3 10,0 |494 |447 |2414 |o66 |604 [10,0 [120 [106 |[572 |29 [143

16-QAM 12,06 1/2 12,5 447 365 1969 |788 492 12,5 118 94 508 |203 (127

16-QAM 16,09 2/3 15,5 353 294 1588 |635 397 15,56 82 71 381 |152 |95

64-QAM 18,10 1/2 17,5 282 235 (1271 |508 318 |17,5 71 59 318 |127 |79

64-QAM 24,13 2/3 21,0 165 129  |699 280 175 21,0 47 35 191 |76 |48

Information on the C/N performance of DVB-H receivers with MPE-FEC in mobile channel can
be found in Annex D.
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10.8 Receiver minimum and maximum signal input levels
10.8.1 Noise floor

At the sensitivity level for each DVB-T mode the receiver shall have a noise figure of 5 dB or
less at the RF reference point (see Figure 1). The total noise figure of the receiver shall be
6 dB or less if the GSM reject filter is included.

A noise figure of 5 dB corresponds to the following noise floor power levels (see also A.4).

P, = -100,2 dB(mW) (for 8 MHz channels, BW = 7,61 MHz)
P, = -100,7 dB(mW) (for 7 MHz channels, BW = 6,66 MHz)
P, =1-101,4 dB(mW) (for 6 MHz channels, BW = 5,71 MHz)

10.8.2 | Minimum input levels

At RF reference point, the receiver should provide better tha ER for>the| wanted

signal lgvels greater than P, and less than P, (see 10.8

Pmin F -100,2 dB(mW) +C/N (dB) (for 8 MHz)
Pmin F -100,7 dB(mW) +C/N (dB) (for 7 MHz)

where ( mode.

10.8.3
10.8.3.1

The ma ss than

ss than

10.8.4

The all input level on the RF reference point will depend on the gntenna
characteristics» and_lipkarity requirements restricted by power consumption and is therefore
different for different’terminal categories.

In this subclause and in 10.9 the analogue interferer level is defined as the peak sync power
level.

10.8.4.1  For terminal category a and b1

The receiver shall be able to handle wanted DVB-T signals up to a level of —18 dB(mW) while
providing the specified performance, when no other interfering signals are present at the input.
Maximum tolerated level for analogue or digital interfering signals according to patterns S1 (n
£1),82 (nx1), L1, L2 and L3 is —-25 dB(mW). The maximum tolerated level for analogue or
digital interfering signals, according to patterns S1 (n £t m, m# 1) and S2 (n x m, m # 1), is -
18 dB(mW). All levels are valid for receivers operating on all DVB-T modes. Maximum input
levels for terminal category a and b1 are shown in Table 11.
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Table 11 — Maximum input levels for terminal category a and b1

Wanted signal

Interferer signal patterns

Prrax Prrax dB(MW)
dB(mW) for highest interferer
n S1(nt 1) L1, L2, L3 S1(ntm,m#1)
S2 (nt 1) S2(ntm,m#1)
-18 No signal No signal No signal
See 10.8.3.1 and 10.8.3.2 —25 for S1-35 for S2 -25 -18

10.8.4.

The recpi
providin
Maximu

+1), S

d|g|tal i terfermg S|gnals accordmg to patterns S1 (n %
W). All levels are valid for receivers operating on™e
levels for terminal category b2 and c are shown in Tapte 1

28 dB(

For terminal category b2 and ¢

Table 12 — Maximum input levels for te

'n74\cat ory b2 and ¢

V) while
he input.
s S1 (n
ogue or
1) is —
m input

Wapted signal

Pmax

HB(mW)

Inte fererWﬂerns
ax d )
ighest interferer

n

_1)
(n+1)

\\>\L/ L2, L3

S1(ntm,m#z1)
S2(ntm,m#1)

—

RETN

No signal

No signal

T

7

-35

-28

10.9
10.9.1

Traditio
interferd
introdud
assume
interferi
scenari
Therefore,

ogue and digital signals has been defined with simplg

interfering patterns is proposed for the testing.

igital signals in other channels

single
s been

other

it topology.

in addition to the single interferer approach, a more complete ensemble of

Two different interference pattern sets have been defined. The first one mainly tests receiver
selectivity and includes two classical single interferer patterns. The second one tests receiver
linearity with two interferers.

No additional noise is added and the channel profile is Gaussian.
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10.9.2 Interfering signal definitions
10.9.2.1 PAL B/G/I1

Figure 5 shows the PAL B/G/I1 interfering signals. Modulating signals are: 75 % colour bars
for the vision carrier, 1 kHz FM sound with £50 kHz deviation and any modulation for NICAM.
The level of the FM sound carrier relative to the vision carrier is =13 dB. The level of the
NICAM signal relative to the vision carrier is —20 dB. Note that the filter roll-off factor for PAL
B/G NICAM is 40 % and PAL 11 NICAM is 100 %.

8 MHz channel

A 7 MHz channel 585 MHz

- NICAM
Picture .20 dB
carrier 5.5 MH

0d8 Sound /—\C
sub carrier’
-13 dB
S s PAL-B/G with NICAM \

8 MHz channel

/

A 7 MHz channel

Picture

carrier
0dB N and 574'M
Souhd
sub‘carniers
-13XB and -
Q‘-’AL B/G\\\v
1,25 MHz
/\

8.MHZz ¢l anne

A
6,522 MHz
Picture! NICAM
arrler 6,0 MHz -20 dB
Sound
sub carrier
-13 dB
ag

PAL-I1

A
A

re 5 — PAL interfering signals

10.9.2.2

Figure ¢ andard SECAM signal with NICAM sound (1,25 MHz vestigial sjdeband
bandwidth).
A 8 MHz channel 5,85 MHz
NICAM 6,5 MHz
Picture 27 dB AM Sound
carrier sub carrier
0dB Colour -10 dB
subcarrier
-16 dB
SECAM L
1,25 MHz

Figure 6 — SECAM L interfering signal

The level of the sound sub carrier is —10 dB relative to the picture carrier. The level of the
NICAM signal relative to the analogue vision carrier is —27 dB. Note that the filter roll-off
factor for SECAM L NICAM is 40 %. Modulating signals are 75 % colour bars for the picture
carrier and 1 kHz with 54 % AM for the AM sound carrier.
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10.9.2.3 DVB-T

The DVB-T signal according to ETSI EN 300 744.

10.9.2.4 Number of signals

For practical reasons, the number of interfering signals has been limited to two. Also other

limitatio

ns apply as follows:

« two analogue channels cannot be adjacent to each other;

« the level difference between adjacent analogue and digital channel can be minimum 15 dB
(digital at lower level). If the difference is smaller, the analogue picture will be disturbed.

10.9.3
The foll

« Patt
e Patt

The pat

10.9.4

The foll
N+ 2/N

« Patt
e Patt
e Patt

The pat

10.9.5

This pa

DVB-T gi

The redsi

allowed

Table 18.

Selectivity patterns
pwing two patterns are used for receiver selectivity testing.

ern S1, one adjacent analogue signalon N+ 1 or N+ m

ern S2, one adjacent digital DVB-T signal on N £ 10r

erns are shown in Figure 7 and Figure 8.

Linearity patterns

g. Note that similar G

s wared signal is at (a) dB lower level, where the value for (a) is
ance is only provided when the input level restrictions of 10.8.4

ases as

wanted

highest
given in
Bpply.
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N+1
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DVB-T

Figure 7 — Pattern S1 in casle o

+1

abl 1@»\@% 5

Mode al[N 1] a[Ntm]l(m# | a[Ntm] (m
PALG or ALB ] 1) £1)

" SECAM L PAL B/G/I1
2k/8k 16RAM Cr=1/2, GI=All | 3898 | “se\aB - 3qgp 36 dB 48 dB }8 dB
2k/8k 16RAM CR=2/3, GI=AIN | "8 dB (]\36.48 |__ 30 dB 36 dB 48 dB 48 dB
2k/8k 16RAM CR=3/47GI=Al | 3z ug [N abB 29 dB 35 dB 48 dB }8 dB
2k/8k 64RAM CR=213, G1=AIN | 35dB 33.dB 30 dB 33 dB 45 dB 46 dB
2k/8k 64RAM CR=3/4, (I<All 35.dB/\\e57dB 30 dB 33 dB 42 dB }3 4B
* Note thpt if PAL BK)&;\«Q\NQW the digital channel on N can not be used without offset, Jecause
of the ovgrlappi trums
10.9.6 rn 32

This paftern h igital DVB-T signal on N £ 1 or N £ m channel in addition to thef wanted
DVB-T gignal on ¢ el N. Image channel is a special case where m is +9.

The receiver shall provide the reference BER when the unwanted signal is at the highest
allowed level and the wanted signal is at (a) dB lower level, where the value for (@) is given in
Table 14. The performance is only provided when the input level restrictions of 10.8.4 apply.
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. N-1 N N+1
_— o ——
| A
.| Onlyone |
—— | interferer |
i 2
— S
; @ |
— |
- : | DVB-T
i v
'l
'l
|
i
|

|
|
|
|
|
I
k
DVB-T |
|
I
|
|
|
|
|

Figure 8 — Pattern S2 in casle of N + 1

r
Table 1 mé{y}: e@}

SR

Mode [N£1 a [ \¢1/except a
(kr\ k\ - N+9
2k/8k 16QAM CR=1/2, GI=All d 40 dB 39 dB
2k/8k 16QAM CR=2/3, GI=A]l \[/j:\dg\\ \\J \\\/\ 40 dB 36 dB
2k/8k 16QAM CR=3/4, GI=Al B9 g - 40 dB 35 dB
2k/8k 64QAM CR=2/3, BIZAIN, O N2 \ ) 40 dB 31dB
2k/8k 64QAM CR=3/40¢T5 F1dB 40 dB 29 dB

NOTE M

+9isa COW»\ima fr}qgen\c/yx

10.9.7

This pa

channel|i

The per|

fofmance given in Table

nN+?2

n 10.8.4

ided when the input level restrictions i

allawad ]

[
d-th ot 3 | 4
apply allu are UIIVVGIILU\J Slgnal IS aL T

5 is only provi
K lo.f.l.q ot
LA~ ul t

]
GIIUVVUU IUVUI
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N+4

10.9.8

This pa
channel

The per|

DVB-T
Figure 9 — Pattern L1
Table 15 — Immunity t@
7\
An" ]

2k/8k 16QAM CR=1/2, GI=All

N\ Oob(v+a)
)

45 dB

2k/8k 16QAM CR=2/3, GI=All

45 dB

tern has one analog
in addition to { s

formance
apply and the unwa

N+2 . N+3

N+4

nN+2

n 10.8.4

DVB-T

PAL

Figure 10 — Pattern L2

PAL
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Table 16 — Immunity to pattern L2

Mode a(N+2and N +4)
2k/8k 16QAM CR=1/2, GI=All 45 dB
2k/8k 16QAM CR=2/3, GI=All 45 dB

10.9.9 Immunity to pattern L3

This pattern has one digital DVB-T signal on N + 4 channel and another digital DVB-T signal
on N + 2 channel in addition to the wanted DVB-T signal on channel N.

The per}ormance given in Table 17 is only provided when the input le in 10.8.4

apply and the unwanted signal is at the highest allowed level.

=
z

N+2 : N+3

6

2
@ DVB-T

o

%ure 11 — Pattern L3

le 17 — Immunity to pattern L3

X\/ Mode a(N+2and N+ 4)

2k/8k 16QAM CR=1/2, GI=All | 40 dB
2k/8k 16QAM CR=2/3, GI=All | 40 dB

—————

7

ap»

RN

9,

10.10 Immunity to co-channel interference from analogue TV signals

The immunity for interference from analogue TV signal is specified in Table 18 as the
minimum carrier to interference ratio, C/I, required for reception.

The interfering analogue signal is defined in 10.9.1. The digital signal level should be
—50 dB(mW).
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Table 18 — Immunity to co-channel interference from analogue signals

Mode PAL 11 PAL B/G SECAM

2k/8k 16QAM CR=1/2
GI=AIl -6 dB -6 dB -5dB

2k/8k 16QAM CR=2/3
GI=AIl -1dB -1dB 0dB

2k/8k 16QAM CR=3/4
GI=AIl 0dB 2dB 3dB

2k/8k 64QAM CR=2/3
GI=All 4 dB 4 dB 5dB

2k/8k 64QQAM CR=374
GI=All 7 dB 7 dB 8 dB

10.11 GQGuard interval utilization
10.11.1| Performance with echo within guard interval
For the modes,

{2k/8k, 16-QAM, R =1/2, GI = All },
{2k/8k, 16-QAM, R =2/3, GI = All }.
{2k/8k, §4-QAM, R =2/3, GI = All },
{2k/8k, §4-QAM, R =3/4, GI = All },

the recgiver shall provide the referenc annel contains two static paths with

BER Whe&
relative|delay from 0,2 guaxd” interval length independently of the

relative jamplitudes and phases fthe t paths. Nbise is added according to Table 19.

/\ Table

o within guard interval

W /N

dB

AN
2K(BK\IBXQAM R =112 = Al 16,3
< kigk, (BQAM, R >2/3, G1 = Al 20,9

K\ 64-éQM R =2/3, GI = All 26,2

PRKIK, B4-QAM, R =3/4, GI = Al 30,6

10.11.2 Performance with echo outside guard interval

When receiving a signal, which consists of the main path and one echo with a delay longer
than 0,9 times the guard interval, the receiver shall provide reference BER when the level of
the echo, compared to the main signal, is lower than the mask shown in Figure 12.

The mask is defined by three points, the starting point at 0,9 x Tg, the inflection point at
1,0 x Tg and the corner point at 7c. Timing of the point 7c¢ depends on the guard interval
according to Table 20.


https://iecnorm.com/api/?name=9f0fb982fe1b5ef2358d62c14b5a51eb

62002-1 O IEC:2005(E) - 37 -
Echo
attenuation A

dB
4, T
4, +
0 —t | >

09 1,0 Tc t/Tg

Figure 12 — Echo outside guard interval mas

Table 20 — Timing of the corner point 7

Guard interval

Tc relati)Q to Tg

Ve

TN
AN

Echo a
calculat
as defin

efinition |of the value 4

IR

N

Japsg 2
\16QA] 3
\64QAM 4

4, then [oecom

Ay

:C/NMode+A

and is
channel

Echo attenuation 4, at the inflection point at ¢t = 1,0 x Tg depends on the modulation used

and the code rate as defined in Table 22.
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Table 22 — Definition of the inflection point

Modulation Code rate Ayatr=1,0xTg

dB

QPSK 1/2 1

QPSK 2/3 1

QPSK 3/4 2

16-QAM 1/2 1

16-QAM 2/3 2

16-QAM 3/4

64-QAM 1/2

64-QAM 2/3

64-QAM 3/4

At the sfarting point ¢t = 0,9 x Tg, the echo attenuation is al

The def|nition of the mask results in a series of curvg
for all FFT sizes. As an example, masks for G/ = 1/4(are

30

25

20

Echo attenuation dB

re valid

—— QPSK 1/2
—=— QPSK 2/3
QPSK 3/4
16QAM 1/2
—*— 16QAM 2/3
—e— 16QAM 3/4
—+—64QAM 1/2
—— 64QAM 2/3
64QAM 3/4

Figure 13 — Mask for echo outside GI for GI = 1/4

Useful theoretical background and a simple model is given in Annex C.

10.12 Tolerance to impulse interference

10.12.1 General

Impulse interference is different from other forms of interference, in that it is generated in
short bursts. Sources include car ignition systems and domestic appliances such as switches
and electric motors. In portable and mobile environment, the impulse interference will reach
the receiver directly through the antenna. The damage is potentially serious because a single
impulse burst can destroy a complete symbol’s worth of data. Research work on the impulse
interference has been mainly carried out in the UK digital television group. The specifications
presented here are the results of that work.


https://iecnorm.com/api/?name=9f0fb982fe1b5ef2358d62c14b5a51eb

62002-1 O IEC:2005(E) ~39 -

10.12.2 Test patterns

Various test signals comprising gated bursts of Gaussian noise are defined. The theoretical
tolerance of the standard receiver for these can be calculated as follows. The interference
power is integrated over a symbol period; then the energy of the wanted signal within that
symbol period is divided by this figure. Should the result fall below the minimum C/N
requirement for the particular modulation mode, the system will fail.

Six different test patterns have been defined. Figure 14 illustrates the terminology used with
the test patterns.

Each bd e symbol period, so that most bursts on]y affect

a singlg ; " bursts is sufficiently great for them to behave as
isolated : 3 ffom the first burst will have been flushed from the
system [

All puls ¢ ratex ing a Gaussian noise source of power P. Hence, the noise
energy (i ak oduct of P and the total duration of the gating pulses, Te, wjthin the
burst. Si e 3 igral energy is the product of the carrier power, C, and thg active
symbol S e ratio of wanted signal energy to interference energy is

(C x Tu)l(P x Te)

The theoretical failure point corresponds to this quantity equalling the minimum carrier-to-
noise requirement, (C/N)ref , for the system. In other words, the tolerance of the receiver to
the test signal should exceed its tolerance to ungated Gaussian noise by a factor (Tu/Te). This
so-called ‘tolerance factor’ is generally expressed in dB. Note that it is independent of
modulation mode, receiver implementation margin and degradation criterion, but that the FFT
size affects it via the Tu duration, giving 6 dB higher figures for 8k than for 2k and 3 dB higher
figures for 4k than 2k. In the case where the in-depth interleaver is used with 2k or 4k mode,
the 8k tolerance factor should be used.

The tests so far defined are detailed in the Table 23, together with their associated ‘tolerance
factors’.
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Table 23 — Impulse interference test patterns

Test Pulses per Minimum/maximum Burst Tolerance Tolerance Tolerance

No. burst pulse spacing duration factor 2k factor 4k factor 8k
us us dB dB dB
1 1 N/A N/A 0,25 29,5 32,5 35,5
2 2 1,5 45 45,25 26,5 29,5 32,5
3 4 15,0 35 105,25 23,5 26,5 29,5
4 12 10,0 15 165,25 18,7 21,7 24,7
5 20 1,0 2 38,25 16,5 19,5 22,5
6 40 0,5 1 39,25 13,5 EEEN 19,5

As an example, suppose that a receiver reaches ‘picture failure e d ith a 2k
mode. The expected picture failure point for test 2 then corrgsponds t ulge power of
-18 dBc|+ 26,5 dB, or +8,5 dBc. A convenient way of meags 8 power is tp switch
off the dating, so that the noise is present continuously.

A receiver which employs counter-measures agai j interference shoul|d have
tolerande factors in excess of those g|ven in .o & ok more tests. The higher the

DVB-H feceivers with MPE-FEC or receive 3 i interleavers with 4k or 2k are
expected to have an improved perfofmance agaia apulse interference over theg DVB-T
receivefs.

10.13 |EMC characteristis

10.13.1 Termma:cat go
If the OVB-T recejver i (SN wented as an accessory to the phone terminal the
accessqry shall com® ' 5

In case i jrati the DVB-T part, the terminal shall comply with ETS 300 607-1,
chapter 3 s S 32-139), reference test methods (page 1552).

Note th S jmits set by the EMC standards are far higher than shpuld be
expecte nce terminal intended to work with full DVB-T receiver sensifivity.

10.13.2| Terminal category a and b

Terminal categories a and b shall comply with CISPR 13 and CISPR 20.

11 Interoperability with other radio systems

11.1 Cellular radios
11.1.1 General

Most of the services presented for convergence terminals (terminal category c) require the co-
existence and partly simultaneous operation of DVB-T/H receiver and cellular radios. The
cellular radio could be in Europe GSM/EDGE 900, GSM/EDGE 1800, WCDMA or a

combination of these.
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The co-existence, and especially the simultaneous operation of several radios in small-sized

hand-held terminals, causes several challenges for the design.

11.1.1.1 Issues

The system level interoperability issues for DVB-T/H reception coming from the co-existence
and operation of DVB-T/H receiver and cellular radio transmitter can be divided into two main

categories:

a) cellular radio uplink wanted signal interference to DVB-T/H receiver;
b) cellular radio uplink unwanted signal interference to DVB-T/H receiver

1) transmitter PA out-of-band signals;

2) transmitter PA noise.

Undistufbed operation of cellular radio must also be maintained. Pos impairments| caused
by THE|DVB-T/H receiver could be
e out-pf-band unwanted signals in cellular downlink (RX) b
« affeg¢ts to the cellular antenna pattern.
These groblems are pure implementation issues and oper terminal|design.
11.1.1.4 Terminal architectures
The tergninal architecture (relevant part SM/EDGE or WCDMA| + DVB-
T conve
GSM/EDGE radio
+ DVB-T/H receiver
uplexef LNA LNA
r §
2* \%\ . J»D RX
\ TX/RX switch
/\/
X -
B% « < > i 4 ™
/ X \ |/
/ Power smplifier | \/ Power smplifier
DVB-T/H
DVB-T/H receiver

receiver

Figure 15 — Terminal architectures

Most probably the DVB-T/H receiver and the cellular radio will have two physically separate
antennas, which will have frequency-dependent antenna isolation between them.
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An important difference between WCDMA and GSM/EDGE radios is the duplex filter. WCDMA
will use the duplex filter, but the majority of modern GSM/EDGE radios use the TX/RX switch.
This has a major implication on the interoperability, and it is obvious that the cellular radio
uplink unwanted signal interference to DVB-T/H receiver will not be a problem in the WCDMA
terminal if a duplexer is used. However, the problem will be severe in the GSM/EDGE terminal
with a TX/RF switch.

11.1.1.3 Frequency bands

The frequency bands used by the different radio systems are presented in Figure 16.

0 mininiE

O
DVB-T [47(-862 MHZ] GSM900 uplink [880-915 MHz] GSM1800 uplink [1710-1785 MHz] MHz]
GSM900 downlink [925-960 MHz] GSM1800 downlink [1805-1880 MHZz] -2470 MHz]
Figure 16 — Frequency bands
The full[lUHF DVB-T band is from 470 MHz to 862 MHz i of cellulgr radios
are mafked with arrows in the figure. This mean Nitte i X) in thel mobile
terminal end and therefore represented by the hlgh powe 8|} nlink (receiying/RX)

bands of cellular radios are above the correspongdin

From Figure 16, it is obvious that the » y llular radio from the interoperability
point of|view is GSM 900 because of th band between the DVB}T band
and the|GSM 900 uplink. The guard band is on {z wide. Therefore, the relative band-

with of fhe guard band is very small. droblems puch less severe with GSM 1B00 and
e biggeriguard band between RX and TX bandpg.

even e

11.1.2
11.1.2.1

The tra i ( igna € gh power compared to the received DVB-T/H |signals.
The GSM 900 T ) gest one and, therefore, it will be considered hgre as a
worst-case sityatian. e band is smallest between the GSM 900 TX and DVB-T/H
RX ban

GSM 9006 _transmi power is +33 dB(mW) (2W). Part of this is coupled from |cellular
transmifter ante v¢' DVB-T/H receiver antenna. Optimistic assumption for the ¢oupling

loss befween<antenn
present|in/the/DVB-=

3s is 10 dB. Therefore, without any filtering, the cellular TX signal
receiver input would be +23 dB(mW).

This very high interference signal level would cause severe blocking effects by two
mechanisms: de-sensitization and cross-modulation.

11.1.2.2 Interoperability requirements

The practical solution for interoperability in 11.1.2 is to insert the GSM rejection filter in front
of the DVB-T/H receiver. The filter has to attenuate the GSM Tx signal to the allowed out-of-
band unwanted signal level, which for category c terminal is —28 dB(mW) (see 10.8.4). Stop-
band attenuation thus becomes:

AGSM :PTX _AA _Pmax =33 dB(mW)—AA —(—28dB(mW))=61dB—AA
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is the stop band attenuation of the GSM reject filter;
is the GSM Tx output power;
is the coupling between the antennas at 698 MHz;

is the maximum allowed power at the DVB-T/H
receiver input.

The filter should have this attenuation at the frequencies shown in Table 24.

Table 24 — GSM reject filter attenuation

The GS
Figure

overall noise figure to 6 dB.

11.1.3
11.1.3.1
The GS

power shall not be greater than —36 dB

In pract
is very

11.1.3.2

The cel
unwantg
present

Frequency 880-915 1710-1 785 1 92 \ho
MHz
Attenuation Agsu Agsu

M reject filter placement is shown in the reference

. Typically, the insertion loss of the filter L,

Transmitter power ampli

M specification (GSM 05.05) dg

d signe
pd in

—o0 Out

R

Figure 17 — GSM Tx block diagram

ising the
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In GSM/EDGE radio where the RX/TX switch (like in Figure 15) is used, the last high pass
filter is very relaxed or non-existent. If we assume that the filter is not implemented at all and
no natural roll off zero is present, the noise power within one DVB-T channel in the power
amplifier output can be calculated from the following equation. The power amplifier input is
assumed to be matched to 50 Q.

where

Proise = —174 +10 og(7.61MHz) + G + NF [dBm|

G isthe gain of the PA, typically 20 dB;
NF is the noise figure of the PA, typically at least 15 dB.
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With these figures and assuming a 10 dB coupling loss between GSM and DVB-T/H antennas,
the interference power entering DVB-T/H receiver would be —80 dB(mW). As the sensitivity of
the DVB-T/H receiver, for example with 16QAM CR=1/2 mode, is —88,9 dB(mW). It is obvious
that the transmitter output noise reduces the DVB-T/H receiver sensitivity considerably.

In order to degrade the DVB-T/H receiver sensitivity "only" by 3 dB, the transmitter output
noise would need to be —105 dB(mW) within one DVB-T channel.

In practice, the problem is most severe with the GSM 900 band. With the GSM 1800 band
natural roll-off and possible TX high-pass filter and bandwidth limitation of the PA provides
adequate attenuation for the DVB-T band. In WCDMA radio, the problem does not exist
because of the duplex filter used.

Reductipn of the noise level becomes possible when the DVB-T ope timg band or erminal
categor
PA alre
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realize. |All this gives a good possibility to drop the PA noise cyntribu
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Figure 18 — Tx PA-noise mask in DVB-T/H receiver input

11.2 DVB-RCT

The DVB-RCT specification [14] has been developed for interactive applications in the UHF
band. It has been designed for rooftop antenna applications.

Although the specification was completed in 2001, no frequency band has been allocated to
this application so far. Moreover, commercial roll-out of RCT is now becoming doubtful.

In view of this situation, no recommendation can be made regarding the interoperability of
portable and mobile DVB-T with DVB-RCT applications.


https://iecnorm.com/api/?name=9f0fb982fe1b5ef2358d62c14b5a51eb

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Abbreviations
	4 Terminal categories
	5 Definition of receiving conditions
	5.1 Portable reception
	5.2 Mobile reception

	6 Frequencies and channel bandwidths
	6.1 Channel frequencies
	6.2 Supported frequency ranges
	6.3 Supported bandwidths

	7 DVB-T modes
	7.1 Supported DVB-T modes
	7.2 Change of modulation parameters
	7.3 Tuning procedure

	8 Transmitter performance
	8.1 Transmitter noise-like impairments
	8.2 Further transmitter impairments
	8.3 Spectrum masks

	9 Receiver antenna characteristics
	9.1 Antennas for terminal category a
	9.2 Antennas for terminal category b1
	9.3 Antennas for terminal category b2 and c
	9.4 External antennas

	10 Receiver performance
	10.1 Reference model
	10.2 Noise model
	10.3 Degradation criteria
	10.4 Diversity receivers
	10.5 DVB- H receivers
	10.6 Channel models
	10.7 C/N performance
	10.8 Receiver minimum and maximum signal input levels
	10.9 Immunity to analogue and/or digital signals in other channels
	10.10 Immunity to co-channel interference from analogue TV signals
	10.11 Guard interval utilization
	10.12 Tolerance to impulse interference
	10.13 EMC characteristics

	11 Interoperability with other radio systems
	11.1 Cellular radios
	11.2 DVB-RCT

	Annex A (informative) Active external antennas
	Annex B (informative) An example of C/N performance with a practical transmitter
	Annex C (informative) Multi-path reception in a DVB-T system
	Annex D (informative) C/N-performance of DVB-H receivers
	Bibliography
	Figures
	Figure 1 – Reference model
	Figure 2 – Noise model
	Figure 3 – Antenna diversity receiver
	Figure 4 – Receiver behaviour in a mobile channel
	Figure 5 – PAL interfering signals
	Figure 6 – SECAM L interfering signal
	Figure 7 – Pattern S1 in case of N + 1 or N - 1
	Figure 8 – Pattern S2 in case of N + 1 or N - 1
	Figure 9 – Pattern L1
	Figure 10 – Pattern L2
	Figure 11 – Pattern L3
	Figure 12 – Echo outside guard interval mask
	Figure 13 – Mask for echo outside GI for GI = 1/4
	Figure 14 – Definition of the impulse interference test pattern
	Figure 15 – Terminal architectures
	Figure 16 – Frequency bands
	Figure 17 – GSM Tx block diagram
	Figure 18 – Tx PA-noise mask in DVB-T/H receiver input
	Figure C.1 – Theoretical limits of out-of-guard delay
	Figure C.2 – DVB-T model – Splitting of the signal power into contributing and interfering components
	Figure C.3 – Theoretical echo power profile for 8k, 64QAM, 2/3
	Figure D.1 – DVB-H reference receiver C/N behaviour in mobile channel

	Tables
	Table 1 – Supported frequency ranges
	Table 2 – Conversion of MER to END
	Table 3 – Typical antenna gain for terminal category b2 and c
	Table 4 – Delta values between picture failure point and reference BER
	Table 5 – Approximation of the DVB-T specified Rayleigh channel
	Table 6 – Typical urban profile (TU6) constitution
	Table 7 – C/N (dB) for reference BER in Gaussian channel
	Table 8 – C/N (dB) for reference BER in portable channel
	Table 9 – C/N (dB) for PER = 10-4 in typical urban channel for single antenna receiver
	Table 10 – C/N (dB) for PER = 10-4 in typical urban channel for diversity receiver
	Table 11 – Maximum input levels for terminal category a and b1
	Table 12 – Maximum input levels for terminal category b2 and c
	Table 13 – Immunity to pattern S1
	Table 14 – Immunity to pattern S2
	Table 15 – Immunity to pattern L1
	Table 16 – Immunity to pattern L2
	Table 17 – Immunity to pattern L3
	Table 18 – Immunity to co-channel interference from analogue signals
	Table 19 – C/N for echo within guard interval
	Table 20 – Timing of the corner point Tc
	Table 21 – Definition of the value d
	Table 22 – Definition of the inflection point
	Table 23 – Impulse interference test patterns
	Table 24 – GSM reject filter attenuation
	Table B.1 – C/N (dB) for reference BER
	Table D.1 – C/N (dB) for 5 % MFER in Gaussian channel
	Table D.2 – C/N (dB) for QEFIP in portable channel
	Table D.3 – C/N (dB) in mobile channel




