B|B|C

Research White Paper

WHP 156

October 2007

DVB-T and Voltage Ratings of Transmission Equipment

R H M Poole

BRITISH BROADCASTING CORPORATION
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Abstract

BBC Strategy and Distribution have asked Kingswood Warren staff to look into a
guestion that has existed since the advent of digital broadcast services in the
1990s: Given the nature of COFDM signals, what voltage rating is required for
transmitter antenna feeders — or, for that matter, the associated antennas and
combiner/splitter units? The conventional wisdom is that, statistically, a COFDM
signal is similar to Gaussian noise; hence there is a possibility of very large
voltage peaks that could initiate flashovers. Until now, the problem has been
contained by the relatively low power levels of the COFDM signals. However,
the situation will change as the television ‘digital switchover’ takes place over the
coming few years.

Not surprisingly, the BBC needs some reassurance that terrestrial television will
continue to work after switchover. There is also the related question of how to
carry out realistic acceptance testing. A transmitter might work perfectly
overnight, for instance, but does that mean a flashover is unlikely over the
subsequent year?

This Technical Note looks at the questions of feeder ratings and acceptance
testing. The conclusion is that the current philosophy regarding feeder ratings is
adequate, and that an overnight acceptance test at slightly enhanced power
should be sufficient to highlight any potential flashover problems.
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DVB-T and Voltage Ratings of Transmission Equipment

Ranulph Poole
1 Introduction

For broadcasters, an important question arose with the advent of thgitamissions in the
1990s: Given the nature of COFDM signals, what voltage ratingqisiresl for transmitter
antenna feeders — or, for that matter, the associated antennas dodectplitter units? The
received wisdom is that, statistically, a COFDM signalnslar to Gaussian noise; hence there
is a possibility of very large voltage peaks that could inifiaghovers. Until now, the problem
has been contained by the relatively low power levels of the COBighMals. However, the
situation will change as the television ‘digital switchover’ takes place beerdming few years.

It is tempting to leave such concerns to the transmission providerg with their equipment
suppliers. Even so, the BBC needs some reassurance that &relsivision will continue to
work after the switchover. There is also the related question oftbosarry out realistic
acceptance testing. A transmitter might work perfectly ovatnigr instance, but does that
mean a flashover is unlikely over the subsequent year?

This Technical Note looks at the questions of feeder ratings apgdtance testing. The hope is
to provide confirmation that transmission equipment is being adequately specified.

2 COFDM Signalsand Peak-to-M ean Ratios

The television (DVB-T) COFDM signal comprises a large nundiezqually-spaced carriers,
each amplitude and phase modulated by the data to be transmideplending on the DVB-T
variant chosen, there could be 1,705 carriers ('2K’) or 6,817 (‘8K’). The ratomilschemes
available are QPSK, 16-QAM and 64-QAM, both uniform and non-unifdith. Data
interleaving and scrambling are used so that, within certain cortsiréhe amplitudes and
phases of the carriers are essentially random.

When the carriers are combined, the mean power of the signal ¢geadsim of the mean
powers of the individual carriers, and the corresponding RMS voltagasik to calculate.
However, at any one time, there is a theoretical chance odraiérs adding constructively, in
which case the instantaneous voltage — and power — is consideraligr.gréae diagram
below illustrates an ensemble where the carriers have equal amplitude but randesh phas

<«——————— K ———————- >
Carriers of equal amplitudes but random phases. Carriers of equal amplitudes and co-phased. |If
If there are K carriers, each of unity power, the there are K carriers, each of unity power, the
total power is K. The corresponding RMS voltage overall voltage is K. Again, this assumes that the
is VK if the power is being delivered to a 1 Q load. power is being delivered to a 1 Q load.

Caution: For simplicity, 1 V of carrier is taken to deliver a power of 1 W into a 1 Q load. Remember that
this 1 V is an RMS value: as the carrier is a sinusoid, the actual amplitude is V2 greater.

Figure 1: Phasor Representations of the COFDM Signal
The theoretical power ratio, or ‘peak-to-mean ratio’, for the tveesahown above is*K, or

K. For K = 1,704, this is equivalent to a very large 32 dB. It wouldabget still if each
COFDM carrier possessed the maximum possible amplitude allowed by the modula¢iores

1 For the sake of argument, complications suchagpilbt carriers are being ignored.
2 Note that, because the carriers possess diffreniencies, the phase relationships are changingnciously.
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Fortunately, as will be seen, the chances of all the cartigrsrg in this way are vanishingly
small. Indeed, the COFDM signal can be clipped ruthlessly witly litte practical
degradation. A simple simulation with Brcelspreadsheet illustrates this well:

Define ensemble of 760 1.0E+01
carriers, 10 kHz spacing

l 1.0E+00

i 1.0E-01
Perform inverse FFT ,
= 1.0E-02 |
g |
l 3
o
o - > ]
Clip time-domain 2 1.0E-03
©
T
x

representation of signal
1.0E-04

l 1.0E-05

Perform FFT

1.0E-06 IR I

l 1.0E-07

Plot results -10 5 0 5 10
Frequency (MHz)

Figure 2: lllustration of Clipped COFDM Signal

In this example, the COFDM signal has been clipped to give a peakdn power ratio of
8 dB. The price paid is a noise floor of intermodulation products (IRs)approximate relative
power 10% or —40 dB? A more realistic simulation, carried out by a colleague eftpropriate
software, yields a figure of —37 dB for a 7 dB peak-to-mean ratio.

Transmission providers typically take the peak-to-mean ratio (PAMIR)e transmitter output as
10 dB. High-power amplifiers do not clip cleanly, with the result lRdevels are often worse
than the above treatment suggéstsA good installation can achieve an IP floor of about
—35 dB when the power amplifiers are backed off to give 10 dB PMR.

At first sight it would seem that feeders should be voltagetrsteas to be safe with a 10 dB
PMR. In other words, the maximum expected voltage is 3.16 timesdhasponding to the
mean power. Unfortunately, life is not that simple: a realesysinay well transmit several
COFDM signals simultaneously, and there may also be filterentmve out-of-channel IPs.
The effects of both these complications will be considered in meéaé er. For the moment,
it is sufficient to say that the PMR of a clipped signal widrease slightly on passing through a
filler — so-called PMR regeneration. The statistics of sdvelipped signals after being
combined are not yet known, but the overall voltage can never be dgteatethe sum of the
individual peak voltages, and for most of the time will be considerably less.

After this discussion, it is a relief to learn that the BBtEamsmission providers calculate feeder
voltage ratings on the following assumptions: a 10 dB PMR for the indiviilgaals, peak
voltage addition, and a further 50% for good measure. This would seem to be foolproof.

3 The peak-to-mean ratio has been defined here ak pewerafter clipping divided by mean powesefore
clipping. Clipping reduces the mean power vengtgly.
To be strictly correct, we should talk about riglpowersn a given bandwidth

4 With high-power amplifiers, AM to PM conversiomgsificantly degrades performance.

5 This means that the saturated output power othglifier is 10 dB greater than the mean powehef@GOFDM
signal. Determining the amount of back-off is anpoomise between signal quality and power efficjenc

6 Often the filtering and signal combining are cadrout within the same item of equipment.
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3 COFDM Signals, Probabilities and Peak-to-Mean Values

The previous discussion has hinted at some of the complications as$wegidt a real COFDM

transmission system. However, assume for the moment that tie bgjng transmitted is a
single, ideal COFDM ensemble comprising a large number of eegpdlyed carriers. There is
good reason to believe that such a system is the most ‘diffibatt’could be encountered: with
no mechanism in place to clip the peaks, the theoretical peak-torateafPMR) equals the
number of carriers. How often are the peaks likely to exceed a dangerous level?

Statistics come to the rescue here: they can tell us tieveethance of the signal possessing a
given overall amplitude at any instant. The Central Limit Themttes that ‘if the sum of the
variables has a finite variance, then it will be approximatelynatly distributed (i.e. it will
follow a normal or Gaussian distribution)2] In other words, a Gaussian distribution is
appropriate to a system where the variables (individual carngplitades) are largely
independent of each other, and where no variable exerts an excedsieecmf(no COFDM
carrier amplitudes are much larger than the average). As tiersare equally as likely to have
negative and positive values, the Gaussian distribution is centred avout it falls rapidly
beyond thescaling factora. ¢ is known as thevariance and in the present context can be
thought of as the mean signal power.

| T T
=0o0=02 ]
9 :t: u.g;'= 1.0
p= 0 ol=350
8 b p=-2a =05 P -
07 F — ¥ |1 .
a=2.0 =
b a=3.0 1
a=4.10
{ I —
1 e e —
0 == —— - i ]
5 4 ] 2 I 0 I 2 3 4 5 0 2 L . ] 8 10
Figure 3. Gaussiar{Left) and Rayleigi{Right) Distribution Functions

A slight complication is caused by the COFDM carriers being-dimnensional: they possess
random phases, as shown in Figure 1, and hence are evenly spread betwseraies. The
2

appropriate distribution is the Rayleig3] rexp ( "')

207
o2
Unlike the Gaussian distribution, this is zero for zero amplitude, arskgsss a peak at xo=

Of particular interest to us is theumulative distribution functiofCDF), which gives the
fraction of the total distribution that falls below a given value of x:
2
_I‘_

1 —emp (252)

The complement (1 — CDF) — tlexceedance probability- represents the fraction exceeding
that same value of x. By great good fortune, this is a remarkahple formulax® represents
the instantaneous power, and’ the mean power; hence (1 — CDF) equals exp (-PMR).

7 The terminology is a little misleading. In thepesssion, x refers to the signal amplitude — notcih@ponent of
it that lies along the x-axis. The term ‘exp’ meamto the power of', where e is 2.718 (to 4 figg):

8 Once again, the terminology is slightly misleaginThe literal PMR would be determined by recogdihe peak
signal power over an infinite period. As statedha first paragraph, this would approach the nunalbearriers
for an ‘ideal’ COFDM signal. The exceedance foraneinbraces all peaks greater than a given PMR .value
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This result might seem too good to be true. As a check, the autholatgd two COFDM
ensembles, in the manner used to obtain Figure 1. The first wasatgen&om individual
‘carriers’ whose x and y components were random numbers fallingebetwl and +1. This
signal would correspond approximately to a high-order modulation schemeasu@t QAM.
The second allowed the two components to be —1 and +1 only — an approximQ@sKo If
the Central Limit Theorem is true, the distributions of the tweemmdes should match, and
(1 — CDF) should follow the simple exp(-PMR) law.

For the plots alongside, the
| | data was generated with the
Theoretical help of a 2k FFT. As 2,000

1 " Average points are inadequate for
10802 <3 calculating probabilities of
' 10° and below, 10
measurement runs were
made and the results
averaged. The individual
runs are shown as dots,
while the averages are

1.0E-04 ‘ : ‘ given as continuous lines.
5 6 7 8 9 10 11 12

Peak-to-Mean Ratio (dB) In both cases, agreement

1.0E-01 1

Probability (QPSK)

1.0E-03 4 <

between the simulations
— and theory is good, hence

Theoretical .. . .

R giving confidence in the

Awerage

x exp(—PMR) formula.

1.0E-01 1

LOB02 7 'l A colleague, Jonathan
] ¥ Stott, has carried out a
1 : ! much more sophisticated
1.0E03 | AN simulation of 100,000 DAB
5 symbols. A plot of his
] results is  given in
LoE0d | | | Appendix 1. There is near
5 6 7 8 9 10 1 12| perfect agreement with the
Peak-to-Mean Ratio (dB) Simple formUIa.

Probability (QAM)

Figure 4. Exceedance Probability for Simulated QPSK and QAM

The plot overleaf extends the theoretical exceedance probabi)yc{Eves shown above. To
put the tiny numbers into context, the EP has been scaled to secongsmmpeThe extreme
dependence of EP on peak-to-mean ratio (PMR) is obvious: a PMR of 15Id8nlyi be
exceeded for {us in a year — probably an acceptable risk.

Without some rather complicated calculations, it cannot be saigelebiow many exceedance
events will take place in a period of1s. However, the duration of each event will approximate
to the reciprocal of the channel bandwidth: an 8 MHz channel corresponds to, B2l reo
about 8 events could be expected. There is no need for greater ycasradurther dB reduces
the EP by 4 orders of magnitude — truly negligible by any standa&dMR of 17 dB would
only be exceeded for a little over a microsecond in the present age of the universe!

The provisional conclusion seems to be that transmitter installarenadequately rated. The
‘10 dB peak-to-mean ratio + 50%’ rule corresponds to a PMR of 13.5dB, andaltke c
manufacturers cautiously allow a 6 dB safety margih. A further consequence of the steep
dependence of EP on PMR is that endurance could be checked by runningetimeasysightly
enhanced power for only a short period.
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Figure 5. Exceedance Probability for Rayleigh Distribution
4 Peak-to-Mean Regrowth in Filters

It was mentioned in Section 2 that the presence of filtering withen COFDM system
introduces a ‘complication’. A bandpass filter is always needékeadutput of a high power
transmitter to remove intermodulation products (IPs) in the adjabanihels and beyond. The
filter may be an integral part of a multi-channel combiner.

An ideal COFDM signal possesses a large number of independelrs;agach with low

bandwidth modulation. No realistic bandpass filter can appreciablyg#atha signal, since the
filter's bandwidth is necessarily very much larger than thaaiired by the individual carriers.
The statistics of the overall signal are also preserved, asatrs retain their random
relationships with each other.

The complication arises if the signal is clipped, either intenfipma unintentionally, before

reaching the bandpass filter. As demonstrated in Section 2, PMRsedanited to modest

values without seriously compromising the IP performance. Clippingrearsthe carriers by

changing their instantaneous amplitudes and phases, and hence removemndib@ r
relationships between them. If the amplitude and (particularly)ptiese relationships are
subsequently disturbed by a filter, some of the clipping is likely to be undone.

This ‘regrowth’ of PMR is difficult to treat analytically,nd the author is grateful to his
colleague Peter Moss for carrying out some simulations Wattab. Only a summary of the
method is presented here; full details are given in Appendix 2. For each trial:

« Arandom complex vector is generated to provide a Rayleigh envelope for a given time.

» The vector is interpolated by a factor of 4, giving the necessgguidt range to
accommodate distortion products and filtering.

* The peak value is found, and added to the running total of an ‘initial_peak’ register.

* The Rayleigh envelope is clipped to the specified threshold.

« The resulting signal is filtered to its original bandwidth.

* The peak value is found, and added to the running total of a ‘restored_peak’ register.

« The contents of the ‘initial_peak’ and ‘restored_peak’ registers are divided by thernumbe
of trials (100 in this case), hence providing average values.

The results are best presented in the form of a diagram, as siveneaf. Note that two
different clipping levels — 7 dB and 10 dB — were simulated.
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Generate clean COFDM  —» Clip COFDM signal. —» Pass signal through 7"-order
signal. Chebychev filter.

PMR is 12 dB. PMR is 10 dB (Level 1). PMR is 11.25 dB.

PMR is 12 dB. PMRis 7 dB (Level 2). PMRis 9.50 dB.

Figure 6: Peak-to-Mean Regeneration in Bandpass Filter

There are no great surprises here: the bandpass filter doe®giReregeneration. In this
example, the regenerated PMR is about halfway between that emtipped and clipped
signals. Without carrying out much more simulation work, it is diffito say whether the
result is typical. One would expect that regeneration would be greater for higees of filter.

Another question is what effect the bandpass filter has on thgtisgabf the clipped signal; in
particular, are there now more large amplitude peaks? The asiihdebted to Chris Nokes for
providing plots of the EP before and after bandpass filtering. Thesemoduced at the end of
Appendix 2. There is no suggestion that the EP has any untoward aiistiestet falls away
gracefully to near zero at a PMR consistent with Peter Moss’s calculations

5 Multiple Services

The other ‘complication” mentioned in Section 2 is that several COEDB8&mbles are likely to
be present on the same antenna feeder. What can one say about tretpges that could be
present, and how often are they likely to occur? For the sakewhang, we assume that six
ensembles of equal power are to be transmitted.

The worst possible case occurs where the individual ensembles havweemotclipped or
processed in any way. They then combine to form a ‘super ensembde’'spivg the same
Rayleigh distribution as its constituent parts. Indeed, even iinthieidual ensembles are not
ideally Rayleigh, the Central Limit Theorem implies that $hper ensemble would be a closer
approximation. The work of Section 3 shows that taking the PMR as 15 dB should be safe.

A kinder and more likely situation occurs when the individual ensembdeslipped to 10 dB
PMR before being combined. According to the exceedance ratio forthalgrobability of
clipping taking place is 4.54 x T)or 1,400 seconds per year, for the single ensemble. Where a
second ensemble is present, the probability of two clipped peaks coinciding

(4.54 x 10°) x (4.54 x 10°): —
l

First ensemble
H [/ H r

— 1 11! ] (19,999 non-
a Second ensemble coincidences) H
// /

/

e eeed

|
U 2

<+ —— 20,000 =

Single ensemble: There is a 1 in 20,000 chance Two ensembles: There is a 1 in 20,000 chance of
of a peak being present at any one time. the first generating a peak at any instant, and a
further 1 in 20,000 chance that a peak from the
second will coincide. The net chance is 1 in 20,000%

Figure 7: lllustration of Peaks from Two Ensembles Coinciding



In general, the probability of all peaks coinciding is (4.54 X)10where n is the number of
ensembles. It is easy to demonstrate that this is just thee wiklded by the formula
EP = exp (-PMR): The PMR equals the peak-to-mean ratio fiogke £nsemble (10 dB, or a
factor of 10) times the number of ensembSlddence, in this case,

EP = exp (=10 n) = {exp (-10Y}or (4.54 x 109"
— as before. The table below gives some feel for the numbers involved.

No. of PMR Seconds
Ensembles (dB) per Year
1 10.00 1.43E+03
2 13.01 6.50E-02
3 14.77 2.95E-06
4 16.02 1.34E-10
5 16.99 6.09E-15
6 17.78 2.76E-19

Figure 8: PMRs and Exceedance Values for Multiple Ensembles

Note that, if the individual ensembles are clipped to 10 dB PMR, the PMR valthestable are
hard limits that cannot be exceeded. On the other hand, if the enseanblanclipped, the
Rayleigh distribution continues beyond those values.

The results given in Figure 8 can be summarised as follows:

* Perhaps contrary to intuition, the philosophy ‘10 dB PMR for the individual Isigoeak
voltage addition’ is safest where large numbers of ensemblegresent. The PMR
values shown in the table correspond to this dictum, and three or momb&rsare
‘safe’ whether or nor clipping has taken place: the EP, as qudntifieeconds per year,
is always negligible.

« Two ensembles are safe if they are individually clipped to 10 dB, but that clipping
Is ‘undone’ by subsequent filtering. Fortunately, the transmission prevadlew 50%
peak voltage safety margin (3.5 dB) when calculating feeder ratiidee system is
therefore safe for a PMR of 16.5 dB — which would never be exceeded in practice.

* The single ensemble is the most critical case. Of courseysiem is safe provided that
the ensemble is clipped, and remains clipped. The simulation workdcatt suggests
that the safety margin of 3.5dB is more than adequate to allow &k-tpanean
regeneration in the transmitter output filtering.

6 Conclusion

This report has looked at what was feared to be an intractablemreblaow much allowance
to make for the peak levels of multiple COFDM signals when dewjghigh power feeder
systems. The conclusions are as follows:
* For a single, unclipped COFDM signal, a Rayleigh distribution is cp@te for
calculating the likelihood of exceeding a given peak power.
* Where three or more ensembles are present, each clipped to 10 dB®-pe=kat ratio
(PMR), the same distribution is appropriate. It is safe to asghat PMRs will never
exceed 16 dB.

* The transmission providers’ philosophy of ‘10 dB PMR for the individual ssgmedak
voltage addition plus 50% safety margin’ is safe — increasirmigrslarger numbers of
ensembles.

9 This was demonstrated in Figure 1: the mean pawer the peak voltage both double, but the peak powe
guadruples, since it is proportional to the squdtde peak voltage.
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*  PMR regeneration will occur in bandpass filters designed to §mitious signals in the
adjacent channels. The amount is difficult to calculate, but neechus¢ concern: the
transmission providers’ philosophy always provides adequate margin.

* As the safety margin is generous, no special provision needs todgewhan carrying
out acceptance tests. However, a possibility would be to incieasehsmitted power
by a modest 1 dB (say) over an 8 hour period. If there are no problé¢nas irme, there
are unlikely to be any ‘events’ over the next year at the normal power.
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Appendix 1: A DAB Simulation

Jonathan Stott has carried out a statistical analysis afied YAB signal — ‘true’ in the sense
that factors such as the symbol duration, number of carriers, piloersaand the QPSK
modulation scheme are included. The computation involved is considerablegreatdah’s
‘Mac’ was left running for hours in order to generate the necgsaanber of samples. The
results are given below:

Simulation of 100000 DAB symbols

0.001 |

107% -

(per—sample) exceedance probability

10 9 1 1 1 1 1 1 1 1 1 1 1 1 1 | 1 1 | 1 ] |
-5 0 4 10 15

instantaneous/mean envelope power, dB

Figure 9: Exceedance Probability Plot for a ‘True’ DAB Signal

Figure 9 shows exceedence probability (EP) plotted with respdet tatio of instantaneous (or
peak)-to-mean power (PMR). For example, the chances are appmelyirhdan 16 that the
instantaneous power will exceed the mean power by 11 dB. Even witigeadmount of
computing power, chances below 1 irf He intractable, and so the final section of the curve,
shown in grey, is theoretical.

A plot of the expression EP = exp (-PMR), as described in Sectian Shawn below.
Agreement with the simulation is excellent, giving confidence tti@tsimple approach adopted
elsewhere is valid.
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Figure 10: Exceedance Probability Plot for a Rayleigh Distribution



Appendix 2: A Simulation of Peak-to-Mean Regrowth in Filters
Contributed by Peter Moss

Background

With the impending expansion of DVB-T networks in the run-up to switchtveiquestion has
been raised as to the likely peak envelope powers which may occuORDM service

combiners. Although a particular amplifier may have a maximuml@pegower output which
can be reasonably easily determined, it is well known that subsefijtezitig can cause re-
growth of previously limited peaks. Consequently it was decided to ntbdeprocess of
clipping and filtering in MATLAB, and below is a description of thefilma code. Note that the
signal is assumed to possess a Rayleigh envelope — an approachpeati& 1 confirms as
valid.

Description

The sequence of events within the code can be summarised thus:
1. Read parameters ‘time_len’, ‘env_thres’, ‘trials’
for each trial, proceed as:
define random complex vector (Rayleigh envelope) of length ‘ time_len’

Interpolate vector to 4x ‘time_lenThis provides Nyquist range for distortion
products & filtering.

Find peak. Add to running total of ‘initial_peak’ register

Clip to envelope level ‘env_thres’

Filter to original bandwidth

Find peak. Add to running total of ‘restored_peak’ register

9. Divide contents of ‘initial_peak’ and ‘restored_peak’ registers by ‘trials’

Actual m-file

The m-file is reproduced below:

%rhis function predicts peak-to-nmean recovery after clipping and filtering
Y%paraneters are tine vector length and envel ope clip threshold

% ut puts initial peak-to-nean (linear voltage units), post-clipping value
% shoul d be as entered) and post-re-filtering val ue

oD

© N o O

function [] = clipfilter(tine_len,env_thres,trials)

initial_peak=0;
cli pped_peak=0;
rest ored_peak=0;
[ b, a] =cheby1(7, 0. 03, 0. 25) ;
tic
for nel:trials
x=randn(time_len, 1);
y=randn(tinme_len, 1);
z=(x+y*i)/sqrt(2); %lefine Rayleigh random vector

Z interp=interp(z,4,10,0.99); %define filter taps to oversanple &
i nterpol ate

z filt=filter(b,a,z_interp);
initial peak=initial_ peak+nmax(abs(z filt));
for mel: 4*tine_|en %lip
if abs(z_filt(m)>env_thres
z filt(m=env_thres*z filt(m/abs(z_filt(m);

end
end

10



cli pped_peak=cl i pped_peak+max(abs(z_filt)); %only here as check, should
of course be deterministic

z filt=filter(b,a,z_filt); %re-filter
rest ored_peak=restored_peak+nax(abs(z_filt));

end

toc

avg_initial _peak=initial _peak/trials
avg_cl i pped_peak=cli pped_peak/trials
avg_restored_peak=restored peak/trials

Regrowth Statistics (Contributed by Chris Nokes)

The above treatment indicates the increase in peak-to-meanR&tR) (that can be expected
when a COFDM signal passes through a bandpass filter. Howesgagsitnothing about the
statistics of such a signal. For instance, for peak signalsi¢wsl below the PMR limit, the
exceedance probability (EP) might be greater than that of arppedlisignal — clearly an
undesirable situation. To find out, a further simulation was carried out.

The plots below show the exceedance probabilities for unclipped, clippedlipped and
filtered DVB-T signals. As in Section 4, the filtering i&-@rder Chebychev. There is no
evidence that the statistics of the clipped and filtered DVB-T signal areypanty unfriendly10

Simul1ated exceedance probability for DVB-T with following clipping and filtering - clip level 7.0 dB
10‘ E T T T %

?--mnm|
m Clipped

-Restored

5 6 7 8 9 10 11 12
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Figure 11: EP Plots for Unclipped, Clipped and Clipped and Filtered DVB-T Signals

10 The strange kinks in the curves at very low ERstlae result of limited computational power, angl @ot ‘real’.
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