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Abstract The principal aim of this paper is to cancel out the by decreasing the number of transmitters per local area. The
natural and man-made echoes in singrequency networks selection of a transmitter with multiple antennas to thestran
(SFN). The challenge is to detect and remove feedback echoes mission and reception MIMO (multiple inputs, multiplet-ou
and enhance the intelligibility of the essential parameters in SFN  puts) [L0], [11] heights they can promote smooth operation of
of digital terrestrial television broadcasting (DTTB) transmitter the selfinterference cancellation technique.
systems, especially the Modulation Error Ratio (MER), with . )
optimizing coverage areas. We suggest a Digital Video Broa In the traditional MultiFrequency Networks (MFNjech-
caging (DVB) gap filler (GF) with two types of echo cancelling:  nology, each transmitter uses a different frequency to avoid
Digital Adaptive Equalizer (DAE) and Doppler Enhanced Echo  undue interference between its neighbdmgerference can be
Canceller (DEEC). The proposed GF outperforms standard GF  assimilated to an echodLif the content of he signal ighe
(SGF), finite impulse response filter (FIR GF), and adaptive GF  same on both transmitters.

(AGF) techniques by 33%, 17%, and 13%, respectively. Fu

thermore, the obtained MER makes the proposed & (PGF) In SFN, the .echoes an_d interferences are avoided by
ideal for operating in SFN using Coded Orthogonal Frequency COFDM modulation on which they are baseince GF
Division Multiplex (COFDM) technique. transmits and receives on different frequencies, it can also

operate on the identical frequency with favedum power
Keyword$ Gap filler; Digital Adaptive Equalizer (DAE);Dop- DVB transmitters. Thisesearctapproactis chosen to provide
pler Enhanced Echo Canceller (DEEC)SingleFrequency Ne¢- additional converge on those blind spots not covered by the
works (SFN); Coded Orthogonal Fregency Division Multplex  high power transmitter using efficient propos&d (PGF)
(COFDM) operatingin SFN using the same chann€he strength of the
PGFis reflected in the ability to annuhe feedback echoes
. INTRODUCTION effectively, increasingthe frequency efficiencyThe PGF is
In DTTB, theterrestrial digital TV, and gafiller transmi- based on two echecancéing DAE and DEEC.The DEEC is
ters broadcast the same TV service using the single frequendyased on the leasteansquare (LMS) adaptive filter 8l
The Coded Orthogonal Frequency Division Multiplex using the LMS algorithnjil4], the DEEC provides a filter that
(COFDM) technigues [1[2] allow TV transmitters to create an models the channel between the transmitter (Tx) and receiver
SFN, which is widely used for economizing frequency [3]. The(Rx) antennas. With DAE1p], the performance of a DTTB
presence of a Gl (guard interval) [4], in COFDM, giveexit ~ for Quadrature amplitude modulation (QAM) can be amreli
cellert robustness to lute against echoes derived fromi-mult rated considerably. Many studies have explordféréint a-
path interference. Thecoincidence of several TV tmadcasts pects of the behavioral feedback path, such @k [@ [17],
produces different types of echoes, whether artificial or naturathe authorsanalyze the required overhead to ensarerget
The echoes may appear when receiving simultanefiistile = average signaio-interferenceplusnoise ratio (SINR using
same signal from seversihnsmittersAnother reason that can Time-division multiple access (TDMAYf eachnode In [1§],
cause echoes is the reflection of the signal avge obpcts  the interference cancellation (ICeducesinterference effect
such as mountains. and the overlap ratio could be enhanced while maintaining a
high quality of service (QoS)he echo cancellation method
has beerstudiedin [19],[20], and analyzedn a deferent d-
main such a# [21] for voice over IP YolP) communication
acoustic echo

To improve widearea performance applying SFN syrehr
nization, the studies ifi6],[7] have treated various network
architectures depending on different parametersdi@éDM
technology, the selected scattering power,apédrfect dapt-
tion measuremer8] with a suitable antenna[9] for the reee In this work, broadcast technology is adopt@she point to
tion of DVB. all other points the authors present two echo cancellation

. . methods as aritical technique to solve the echo and interfe
In SFN, the practical network planning approach of theence problem in the SEN env'ronr{\ent using DAE and DEEC

transmitter s |location ard %%Oia% Bdhd' @ncelidtion meéthod. FirtRefmorg, 'thE idedi' pr” @ Y

essary to reduce the interference. Echoes can also be redu ed technique should be compared with other research r
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sults, such a®?P]. This paper does not only ensure the safe and which give the following equations:
robust operatiorof the repeater against the dynamics of the
environment [3] but also can suppress Doppler Effect and

m
" = A a () e 12000 1) _ 2 gt
avoid the interferences and echoes to the received signal from ® = a 3(t)e PR 4iM)e

the transmitter in its overall coverage area. Overall, it has to be i=l ?3)
noted that the applieBcho cancellation24] techniques not 20 ) .
only help to improve isolation B but also giveperfectemis- wherea; (t) = £ ().e™™ and & () designate the attenuation

sionrreception isolation. Our goal is to get satisfaction levels ofand the delay of theth path. The received signal(t) can be
80-85% of a parameter, which have a direct relationship wit : :

the echoes suppressionpesially the MER.The MER is a i}evvrltten as the baseband sigpé)
paramount measure, and DVB widely requires it for OFDM m
signal performance in SEN is analyed in[26] asreceived y(t) = a c (Xt +;(t)) 4
signal poweiin an actual digital television transmitte’ER is .

affected by the delay of received signf23] from the SFN

network and heresult of MER showed the quality of service Where

oS)at the receiver .
Q09 G (D) =g (t)e 1¥ 0O (5)

The remaining of this paper is classified as follows. In the
second section, we briefly introduce a general systemrPerfo  The Doppler shift affects the attenuatiay(t) periodically

mance. The third section exposasd discusses the problem 5,4 js relatively small when compared with the carrier fr
with the remedy. The fourth section presents and discovers ti}ﬁJ encyf
0-

echo canceller utility and service, such as DAE & DEEC. The
fifth section deals with the summary of the experimental results A simulation of the power requirements for the terrestrial
obtained. Finally, the sixth section peass conclusions. DVB-T standard applied the following mathematical model to
describe the channels with echod certain number of echoes
can be taken into consideration. In the Rician channel model,
A. General Performance the Gaussian channel exists well as its characteristic¥he

The transmission path is kstlwg%a{/v:_ﬁ corgpéeted \ﬁtp Ttp? gﬂﬁctlog ﬁ)fas r}?la i ,d'ﬁerer\]/\t/h i
takes into consideration the effect of multipath signals, noise/V@yS- The received signalg(t) according to2g becomes:
and the dominating direstgnal path between Tx and Rx.

m
Temporaldelay shl be estimated according to the follo roX(t) +a re 12 X -y
ing formula: / =c/f =T Y d czwhere/ is the wave- y(t) = i=1

length, c is the speed of light, andis frequency. The offset B ;2
del ay is more important for remote g)r'ansmitters (200 ps f

km). Consequently, at the receiver side, due to the presence of (6)

the multiple electromagnetic paths, more than one signal is the mathematical equation, which described the influence
received by a specific instance, and eachafithem reaches at ¢ Rayleigh channel on the signal:

different timest (t) with different energy strengthfyt) and
different anglea(t) .

Il. GENERAL PERFORMANCE

m
a re'¥ - p
Let S(t) be the transmitted complex signal having a carrier y(t) = 4=

frequency f, modulated by a baseband complex sign@),
and it can be written as:

i=0 (7)
wherer, is the attenuation in the line of sight of the &-an

When reflected signals are added to a direct signal, theitter, r; is the attenuation in echo pathg is the phase

quality of the reception becomes worse. Multipatbpagation  rqtation in the echo part and is the relative delay time in the

interference varies the signal intensity and produces- inter . . . .
symbol interference (ISI). These cases are modeled in thec© [:f)arr]t. lThe ?lc_ehFa;)ct(bt ddeS|gnatesthhe S|g|;11al ratio by '
channel, which is efined as a Rice channel. In this type of way of the line-of-sight broadcasting path to the sum in a

channel, the Gaussian channel and its characteristics also Sgho ways (8)-

S(t) = x(t).e' %ot 1)

present. The received signal suffers a multipath channel with r
distinct waves. With the additive white Gaussian noise omitted K = —
it can be expressed as: N2
a’’
Lo = ®)
SMH=a a®st <) @)

i=1
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B. MER Performance Analysis In the SFN overlap area, the weaker of the received signals
Intermodulation (IMD), C/N, and RF Level that can be from multipath directions is deemed considered as an echo.

used to evaluate the quality of service (QoS) for BB/T2  1hanks to the global positioning syst{GPS), the synchren

reception. The most useful one is the MER, which is used tgation of the transmitters of the broat_:lcastlng centers _aIIows

quantify the performance of a digital radio (or digital TV) €choes to be placepreciséy at guard intervals (GI) which

fransmitter or receiver in communication, and it provides dength depends on the duration of the echoes.

clear and fast overview of the echoes and overlaps neeasur  The problem worsens considerably, the COFDM solution,

ments; therefore, we highlight the MER. however, dog not readily apply in domains where the user
In the OFDM system, a random bit sequence is generatedensity is low, and impediments such as distance and terrain
and then the bits are mapped into@AM symbols. Thel create challenging obstacles to conventional approaches to the
. ~ ~ DTTB network. The overview of DVB standards, namely
and Q values of this sequence are stored aslth@ndQ;  pyB-T/H/T2, was not able to solvthe echoes squarely and

i 5 ; overlaps phenomenon using COFDM techniques. From s phy
array. Thel, a”‘?' Ql'array _'S ne?<t used ttorm the OFDM ical point of view, the Overlap effects (between the antennas)
frequency domain signal, in which the resulting OFDNMhsy gre inevitable
bolsl;, Q; are mapped.
B. Remedy

MER measurement of OFDM in SFN is used to measure For good isolation between the Tx and Rx antennaspthe s
the modulation qualityZ9], and practically its value is enough [ution is a digital echo cancefilan based on a software sel
(according to measurements made on SFN) to judgebthe ation of an echo canceller GFs that can resolve the mokt cha
sence or the presence of the echoes in SFN. lenging echo conditions. Therefore, to limit isolation between
: ... the Rx and Tx antennas and suppress echoes with interference
megﬂsifer%\gﬂt)sgvgé%sg?bms N (is the number of points in 4n SFN, the PGF can optionally incorporat® echoes cante

’ ling solutions DAE and DEEC.
N

a jzl(ﬁ +Q3) DAE is a powerful andisefultool to remove echoes whose
TN - - 5 gain margin (GM) level can reach upO dB Moreover, esg-
a L &-h)7 Q) @)

MER =

©) cially in SFN operation, and iseverereception conditions,
DAE can to remove multipath propdiga impacts by equal

ing the amplitude distortions of the GF received distortge si

where:l;,Q;, 1j,Q;are the ideal and quadra.\ture TP al spectrum that is created by very near echoes.
nents of the-th measured/ referenced OFDM signal, respe i ) )
tively. The DEEC is also able to suppress echoes but withdsonsi
] ] erable GM where the echo levels exceed the input signal by 24
C. Intermodulation Performance Analysis dB and can often remove Doppler Effect. DEEC is integrated

IMD is the most useful signal anaBzmeasurements and to avoid multipath, as well as Doppler echoes. The GF cancels
widely used and is quite an appealing metric of linearity, whicHeedback echoes with a GM up to 24dB, and three gaps echo,
is very important to prevent it, for radiofrequency. In a Digitalg i Vi ng a sel ective cancell ati
Terrestrial TV, IMD is a crucial measurement caused by no Fig.1 shows a coect example of the positioning of the RX
linearities effects in the DVB system. IMD maemment can and TX antennas.
be particularly troublesome for higrequency amplifiers for
radio communications; also can automatically detect the fu
damental andhird-order distortion that forms g@rincipal limit
to the circuit linearity. The introduction of thiafder inte-
modulation is due tthe nonlinear characteristic.

Tx antenna
25m

I1l. PROBLEMATIC WITH THE PROPOSEDREMEDY SOLUTION

Isolation

A. Problematic

The GF is usually installed in high and isolated stations, the Rx antenna
transmittingantenna designed to cover the shadow area opt 15m
mally. The exemplary GF installation problem is the unasoid
ble RF coupling between the broadcast signal from the antenna Gap filler
patterns of broadcasting stations and the signal piakeby te ical
the receiving antenna.

If the coupling level is too high, this turns inteisky and

challengingsituation that can easily destruct the equipment
hardware due to the positive return path. In the case where the ——“ﬁ
GF is located within an SFN, The problem becomes even more i P 2
complicated.To remedy this problem, we use a Digital Echo Fig. 1. CorrectPositioning of the TX and RXntennasSeekingMaximum
Canceller in the digital processing module of a GF. Isolation.
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We select the Rx antenna position to at least 15 meters The cancellation coverage depends on three temporal gaps,
away from the TX antenna (if possible). We try totargetthe T>e s senti al | y 6 ps Icentingorsnede, andl, ap
andRx antennas for opposite sides. theyentre |l y fully include a range

. L - three gaps can move individlya and they can be extended to
Fig. 2 shows a simplified system Topology containing az 7 6 us The settings amiGaeneas
high-power transmitter and GF as well as the Field Test R.shov(min Tablél

ceiver Measurements: Covered by GF interfere with the main
transmitter at which the outdr measurements arerformed. The DEEC graphs, of the inpatitput signal selection, are
shown in Fig4 and 5, respectively.

DEEC can also suppress any multipath and eveppler
echo in a mobile cancell ati on
echo cancellation level (20dB) with DEEC is presented in
Fig. 4(a) and 4b). The 20dB level is higher than the signal
using DEEC and with the best output MER (27dB).

The return echoes cagach high levels at the input signal.

P i In that case, to obtain an active suppression of this echo of
mamiranamen return, its corresponding cancels gap use an external reference.
This cancellation gap system should always be active, which is
shown in Fig6.
Fig. 2. Topology for SFI\DVB-T/+2 Network Measurements. TABLE. I. SETTING AND MEASURINGTHE VALUE OF FIG. 4 AND 5
IV. ECHOCANCELLER: FUNCTIONAL DESCRIPTION Parameters Fig. 4 Fig. 5
Fig. 3 shows the block diagram representation of the digitall V/Radio Standard: OFDM DVB-T/H OFDM DVB-T/H
GF internal composition. The system carries out a downchannel 32 32
conversion of the receiving RI_: signal do intermediate &- UHE RF  se2 My 562 Mhz
guency (I F), filters the resuwttinrg—sgighralts ahd—Feeconverts
to RF that it is amplified b é&PnpeiBandwigthehr ®Miz2d castl|i n8Mz2st ar t|s .
When the echo signal level 10dB inferior to the principal>9maevel -36.50 dBm -6.50 dBm
signal, the standard GF can work without any echo candaelle | Attenuation 0dB 31dB
SEN. In the case where reception conditions are particularlger 0.0 e8 0.0e8
difficult in SFN, the need for DAE for an echo signal level uper 281dB 8748
to 15dB or DEEC for echo signal level higher than the ddnd i -
mental signal is extremely important. DEMOD MPEG MPEG
A. DEEC: Technical Representation Siglvl=-36.50 dBm  Att=0 dB Ch32
An adaptive LMS filter is the indispensable content of DEE Echo
that can detect the eventual feedback echoes and echoes of tl|.10 a8
SFN then can usually delete them all or part of the output. The Signal
DEEC highperformance gives it great robustness agairtst ec  |-20d8
oes in themost challenging reception conditions. DEEC can o ds
remove high return echo levels, suppress echoes with greate °
GM, and cancel Doppler Effect improving MER performance: | .. 48 _
tho detection Threshold -41.932 | S
Output MER is elevate to 27dB for a 20dB GM. Guard Start | | Guarf Stop
Start -50.0 ps 10.0 ps/Div Stop 50.0 ps

Output MER is superior to 24dB for a 24¢®A. ) ]
Fig. 4. DEECEchoCanceller:Input Signal Spectrum.

//—\ Sigly] =6.50dBm At =31 dB Ch32

Receiving signal
Transmitting signal Signal Processing board /"“i“;‘_“” echoes Signal
self-interteren
" (, -10 dB
((( IF Stage i .
Down Converter |
Up Converter ! -20 dB
Emnceuers '
DEEC & DAE [P —— | =
B | e | -30 dB
| E—— A
Echo
i ' 1 -40 dB : L
i Inputstsge | Output stage | Echo detection Thréshold -42.01
Power Supply Board i H H - Gua rd‘ Start I Guar’ld Stop|
Amplified Board )
Start -50.0 ps 10.0 ps/Div Stop 50.0 us
Fig. 3. Simplified GapFiller Block Diagram. Fig. 5. DEECEchoCanceller: Outpusignal Spectrum.
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Fig. 6. CancelatiorGaps.

Fig. 7 shows the configurations of the most common DEEC _ _ _
gap positions, which cover a wide variety of cancellatia sc Fig. 7. PossibleCancellation.

narios. . . .
anos Gap N°2: Represents the cancellation starting point of the

There are three configurable cancellation gaps in thgap N° 2. The available values for setting up the gap N92 pos
DEEC, namely: tion aB@&PSsS; Opuke default val ue

Continuous cancell ation: a GapN°3: Defineditise canaeflation begidnthg oint of the
gap N° 3. The availableavl ues aB#&. OGpdSpusthe

Selective cancellato n : up to 37,6Ms 50 e s 18.0ps.
Cancel any echo present in the cancellation gap (multipath . .
propagation). Each of these gaps hasnaa ti

8MHz bandwidth operation.

The following are the usaronfigurabe parameters for the B. DAE: Technical Representation

canceller:
0. i . , o The DAE echo canceller is designed to effectively mode
Gap N° 1: Defines the cancellation velocitygafp N°1. ate echo conditions guarantepia GM level of support 15dB
Gap N°2: Defines the caallation velaity of gap N° 2. GM and equalizing spectrum for robust feature extraction for
. ] ] . the more robust fight against echoésirthermore, DEA is
Gap N°3: Defines the caellation velocity of gap N° 3. capable of removing any echo caused by the presencesof co

o Pling between the broadcasting, receiving antenmare pe-
deisely, the input signal whose delay varies between zero and
u BAE circuit can also rectify the distortions in the GF input
signal amplitude, which are within the cancellation gap, caused

However, increasing the speed of a cancellation gap creaté&y multipath propagation. The settings and measuringesaif
a penalization on the output signal MER. The users shouléig. 8 and Sare shown in Table II.
examine the different speeds to find a compromise between
cancellation performance aondtput signal MER.

The cancellation velocity is directly related to the ability t
track and cancel echoes with fast frequency and amplitu
changes as present on DagpRice, or Rayleigh channels.

The DAE graphs of the inpwutput signal selection are
shown in Fig8 and 9, respectively.
Gap N°1: Activates/deacttes tle cancellation gap N° 1.

Gap N°3: Activatesldeactiwes the Cancellation gap N© 3. TABLE. II. SETTING AND MEASURINGTHE VALUE OF FIG. 8 AND 9
Gap N° 1 and Gap N° 3 are designed to suppress SFN edarameters Fig. 8 Fig- 9
oes. These kinds of echoes may not appear/be relevant in ey8ry/Radio Standard | OFDM DVB-T/H OFDM DVB-T/H
cancellation scenario, so these gaps can be switchetb off -, 32 32
improve the output signal MER, as explained above.
UHF RF 562 Mhz 562 Mhz
However, gap N°2 is designed to challenge feedbalek e¢ -, - T 6 vh 3 Mh
oes (which can be higher than the fundamental input signal),tse anne mandwmeh: : ?
it must cotinuousy be activated to avoid feedback amplific | Signal level -40 dBm 16 dBm
tion that may harm andamage the equipment. Attenuation 0dB 20 dB
Gap N°1: Defines the cancellation starting point of the gaBER 0.0e8 0.0e8
N°1. The avail aBIl esaheadfaultevaluea e O . 5 U S| 23148 28.7dB
is 12.0pus.
DEMOD MPEG MPEG
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Siglvl = 40dBm At =0 dB Ch32 To perform the measurement equipment ROMAX TX E
plorer HD + was used as a level meter. It is used to analyze the
548 DVB-H/T/T2 signal providing several quality measurements
—10}3“M~w\ — ﬁ‘ (Power, C/N, MER, BER, constellation diagram, etc.). The
o ™ BN D o> SN results of the studyould be useful for the DVB/H/T2
. M N broadcast improvement, such as Tx adjustment and GH-insta
0ae lation, to optimize the DTB efficiency.
o Measurement points can be selected 1 Km away from the
o de transmitter location, which means that the measurement points
-35 dB that will possibly be on each radiation path should not be more
4048 than 20°.
-45 dB ! U B. Intermodulation Measurements
We consider passing the signal through a GF, which is
Fig. 8. CancellationExample of arEcho up to 10 dB with DEAEcho measured wh Signal analyzer ANRITSU. Fig(a) and &b)
Canceller. InpuSignal Spectrum Equalization. show the IMD Shoulder performance measurementfre-
quency relative to the center frequency of 8 MHz DVBer-
Siglvl =16dBm At =20 4B Ch32 sus Level measured, with 100 kHz resolution bandwidth
' (RBW). Fig. 10 represents the Standard GF (SGF), without
a8 T, DEEC &DAE, while Fig.11represents the PGF.
h f’ [ The nonlinear distortion in FiglO caused by echoes @h
15d8 f nomenon further brings an IMD Shoulder degradation perfo
-20db mance of aboutl16.08 dB compared to the result proposed
P method Fig. 11. Therefore, the proposed Echo Cancellers,

incorporated in GF, can still be used to improve the IMBD pe
formance of the DTT system significantly.

-30 dB

-35d

[Anritsu 0272772017 0s32.44 pm ==l

-40 dB S Sauvegarde

Caonfig

-45 dB—

Fig. 9. CancellatiorExample of arEcho up to 10 dB with DEAcho
Canceller. OutpuSignal SpectrunkEqualization.

V. RESULTS ANDDISCUSSION

A. Measurement Results

The experimental measurements have been conducted
mainly to evaluate the MER performances of the PGF scheme [,
with a DEEC &DAE, compared with SGF, over a Ricianlimu
tipath fading channel. The materials listed below are required
during the installation of a GF, which are used in the results of
indoor measurements

Fréq Spar BW Margueur

Fig. 10. IMD Measurement5.8 dBmCorresponds to thAverageOutput
Power Test Interface of SGF.

1 Computer with Ethernet cable.

1 Signal analyzer ANRITSU model MS2712E or e@uiv
lent.

[Anritsu c22772017 03 0332 pm

Power Meter and Dummy load.

RX antenna must have high directivity and high Ratio
Front/Back.

1 The professional Yagi antenna is suitable for this kind
of installation.

The Tx antenna should not have a very open radiatian di
gram; ideally, the main lobe has 90° to 180°. It is aksential
to pay attention to the side lobes, as they can affect the Rx
antenna and cause strong coupling (echo) between receiving : aspme
and transmittingignals. Fig. 11. IMD Measurement: PGF.
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It should be noted that, based on experience, the increasiryy Comparison between the PGF and the Adaptive GF
attenuation can surely minimize the IMD édbution of the Technique

RF signal analyzer. The measure of the toirdier distortion
with a significart attenuation is not detectable because rit co
ners with the measurement values located outside tolerance.

To further evaluate thperformance of the proposed met
od, we compare it to another Echo Canceller method, more
particularly,the adaptive GF technique. Figt and 5 ("MER
C. MER Measurements VS. C A R R I E R " )the I:_S:HI‘OOP\&‘ttern Of AGF teChanue
Fig. 12 and13 present MER/Constell@ah measurement of compared to the PGF
the signal received from the test interface of the SGF and PGF, Theaverage MERvalue is represnted, in the screen, by a
respectively, giving their performance comparison, O dBeeorr red lineted which ismeasured in the whole channel (RMS) of
sponds to average output power. FIg shows the proven about 37.4 dB (Adaptive GF) and 42.21 dB (PGF). It observed
MER measurement for a DVB signal that was mainly affe that the MER of PG5 better than the MER of AGF.

ed by unwanted modulator phase noise. It shows that thE . ¢ an Existing Techni
transmission quality of DVH is not satisfactory. . Comparison of an Existing Technique

. . . . Fig. 16 and 17 showhe comparison simulation results
Fig. 13 illustrates the PGF result, and the constellatian di 9 P

. ; . . ! (MER and receive signal levels) of different GF techniques
gg?@cgﬁgrgde)p'ds a higluality DVB-T signal (the points are  gntained in four echo cancellation, namely standard GF(SGF),

finite impulse response (FIR) filter, GF, adaptive GF, and the
From Fig 12 and13, it can be observed that the MERpe PGF.
formance of the PGF is better than SGF; an improvement can

IEEEREERNEICAF R S/N 102451, FW 2.60
reach up to 15 dB. We also observe that the DEEC & DAE can  ch: --- RF 498.000000 MHz DVB-T/H 8 MHz
improve the robustness of the constellation, free of noise and At 30dB
interferences that lead tioe better average. Therefore, a higher ExpLyl -2.50 dBm
MER value promotes wide broad coverage area i~
44 dB
[Anritsu 022772017 052827 pm =N So Clrw
v 43 dB
LA 42 dB
gh
41 dB
(LY
mno 40 dB:
Pa* 39 dB
stu
vwx PR e T IFMW
s S 37,3690 WMM%WMWMM%WWW
ya-_
36 dB
Retour Espace
0 Carrier 6816
Change Lvl 3.1dBm | BER 0.0e-8 | MER 36.9dB DEMOD MPEG
Save
Freg Offset 15,1 Hz|Waming - HP[LP Location Date: 9.MAR.2016 15:06:36
CH Power -17,5 dBm|TPS Info  0x1af72120830001160 |Code Rate |2/3| -- Change Type
| Total | pata | TP [interieave anve [Time Siicing| O] -- . . .
VR | 265 8| 27,6 98] 27,3 aB|caNID 0000 0)|MPE-FEC [on| |  SeuPHPG Fig. 14. MER vs. Carrier ofAdaptive GF
Fig. 12. MER andConstellationMeasurement: SGF. IEEETNMERIVEICArRer | S/N 102451, FW 2.60
Ch: --- RF 498.000000 MHz DVB-T/H 8 MHz
I/lnritsu 02/27/2017 03:42:58 pm I Save Att 30 dB
abe ExpLvl 7.50 dBm
def
1AV | 44 dB
ghl Clrw b,
i b TP
b e 22,216 ded o 4 T by
mno 43 dgrMs 4 .M,_ﬁw‘sﬁ% S g . "‘""U A
kS 41 dB
1 stu
40 dB
vwx
39dB
yr-_
38 dB
Retour Espace 37 dB
T 36 dB
Save
Freq Offset - 31,4 Hz [Warning -- HPLP Location 0 Carrier 6816
CH Power -16,4 dBm [TPS Info  0x6508afa089000044c [Code Rate |2/ -- Change Type Lvl 2.4dBm | BER 0.0e-8 | MER 42.2dB DEMOD MPEG
| Total | Data | TPS [interieave Native [Time Slicing| off[ - -
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Frequency Amplitude Sewp ] Measurements __ Marker
Fig. 13. MER andConstellationMeasurement: PGF. Fig. 15. MER vs Carrier of PGF.
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44 TABLE. III. COMPARISON OF THEPROPOSEDGF WITH OTHER GF
TECHNIQUE
T alun mon on 2 S NUENEEOERSOIOR |
o Echo cancelb- Echo Signal quality
S0 —¥— rer | tion Techniques MERdB | INDdB levels dB | dBm
u —— FRoF SGF 285 -32.07 -10 -80
o ¥ & sor 1 FIR GF 345 378 -16 71
g KR EHHR A HHHHHREH AN
T et ] AGF 36.9 -40.8 -18 -66
L = N WA PGF 422 4815 | -22 58
o
3. DEEC can also suppress any multipath, and even Doppler
el [ . . .
2 echo in dree cancellation gagoing up to 3B s .
sor Also, in light of the findings, and achievement of the aims
o L BN Rt Kt o o e o e e e e e ) and objectives of the studye results (with directive antennas
460 480 500 520 540 560 580 600 620 on bot h t he gap fill er gjd'e)dire and
UHF Channel frequencies (MHz) for DVB-T/T2 in Band IV depicted in Flg 1énd 17, in terms OT/IER/Reception Signal
Fig. 16. MER vs. UHFChannelFrequencies Mhz. level vs. UHF channel frequenci®dHz respectively between

transmitter and receiver. It can be noted that the proposgd sol
tion provides thenost extensivdMER, and therefore seems to

At be the most suitable to provide coverage in SRMNh a re-

duced number of GF.

85

®
S
T

The result is mainly retated
, ——ror face ofthe conventional GFand in particulay to its advanced
5F —X— AGF b . . . . . .
:ﬁ: FIR GF coding technique. What is not taken into account in ghidy
SGF

is the effect of severe multipath onet modulation schemes
(ideal synchronization is assumed).

NAVIVE VIVIVIVIVEVEVIVEVECIVEVIVEVIVEN, The overall research approaetould suffer more than the
| many competitors, which are based on OFDM modulation,

more robust to multipath. Suehdrawback could be partially

compensated by the antendieectivity, which provides a kind

460 400 500 560580 600620 of Spatl al _fll t'erl_ng o f -baset e € (
UHF Channel frequencies (MHz) for DVB-T/T2 in Band IV systems, thenost extensivéMER is provided by the DVEH

solution. Theselection of the research methsuffers for the

weak coding scheme oithe physical layer (e., error
Simulation results (Figlé and17) show perfect agreement COrrectingcodes)in SFN which requireprecise synchroaa-

with those obtained by measurements. Moreover, the MER anféPn andmore considerableandwidth

receive signalevels quality obtained by the PGF technique is

much better than that obtained by SGF, FIR filter GF, and

Reception Signal Level (dBpv)
~
o

=)
o

Fig. 17. Reception signal level v&JHF channel frequencies Mhz.

VI. CONCLUSIONS

AGF. In this paper, the authors propose an efficient GF, including
. . . two echo cancellations, DEE@nd DAE, as aritical tech-
F. General Analysis and Discussion nique to solve the echo and interference problernh@SFN

Tablelll summarizes the comparison between the differenenvironment. Furthermore, it presents DAE and DEEC for
existing techniques obtained by four different Echo Caacell ideally limit the isolation, in SFN, between the broadcasting
tion techniques. and receiving antennas. The modified GF scheme (PGF) with
DAE and DEEC echo canller is proposed to cover shadow

The Summary of analysis results, in Tallle illustrates 0 o celling echoes with no saterference from adjacent
that in four cases, the PGF outperforms the existing technique

The poposed Gutperform standard GF(SGF), finite impulse ttansmitters for DTT in SFN. Also, these GFs able to retran

. mit the RF signal under the most challenging echo and-mult
response (FIR) f||(;[er (FLR GF))O’ GF and pﬂae G'.: (AGF) path propagation conditions removinggin feedback echo
techniques by 33%, 17%, and%3respectively, this outpe  |oyels The PGF gives an excellent MER and can even remove
formance is also characterized by: )

the Doppler Effect. In our future work, we will use these areas
Maximizing receved signal quality: better tha&0dBm as starting points for strengthening information protection for
level, MER the new DVB generation in SFN.

Better than 37dB and lower incidence of multipath. ACKNOWLEDGMENT
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