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Understanding Normalized Mean Squared Error
in Power Amplifier Linearization

Peter Händel

Abstract— This letter provides a detailed analysis of the
normalized mean squared error (NMSE) of an ideal orthogonal
frequency-division multiplexing (OFDM) system, subject to soft
clipping of the power amplifier (PA) output. Based on the central
limit theorem, the OFDM baseband input is modeled as white
Gaussian noise, and based on the Bussgang theorem, the NMSE
is studied in some detail. Asymptotes describing the NMSE for
the considered system are derived, when the system is working in
the linear operation mode and when working under compression,
respectively. Detailed yet simple expressions between the NMSE,
average output power, saturation voltage of the PA, and the noise
level of the additive channel or thermal noise are derived, which
are believed to provide insight into the system’s behavior.

Index Terms— Linearization, nonlinear systems, normalized
mean square error (NMSE), power amplifier (PA).

I. INTRODUCTION

STUDIES of orthogonal frequency-division multiplexing
(OFDM) systems and their performance under power

amplifier (PA) nonlinearities is a well-established research area
with several established papers [1]–[3] based on Bussgang
theory [4]. Recently, there has been a renewed interest in the
topic, including studies of back-off optimization [5], [6] and
studies of the normalized mean squared error (NMSE) and its
lower bound [7].

The recent work [7] presented an analysis of the NMSE as a
function of the average output power P of a nonideal transmit-
ter driven by OFDM inputs. In this letter, the NMSE-versus-P
performance of an ideally predistorted PA was derived, leading
to a bound on the performance of all practical systems. The
results of [7] are quite complex, but can be numerically
evaluated for different use cases. However, numerical eval-
uations alone provide limited understanding of the system’s
behavior. Understanding, the behavior of the NMSE is the
goal of this letter. With the work [7] as a starting point,
additional results are derived to gain insight and rule-of-
thumbs on the achievable performance. Thanks to the intuitive
interpretations of the derived results, they are judged valuable
for the practitioners and researchers in the area.

In Section II, the considered model is introduced and the
main results of [7] are reviewed. The main contributions are
provided in Section III. In Section IV, a numerical example
is presented and some further observations are provided.
Section V concludes this letter.
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II. SYSTEM NMSE AND AVERAGE OUTPUT POWER

We consider an ideal DPD-PA chain which has a static and
linear behavior up to a saturation voltage [7]. With A denoting
the saturation voltage, the ideal DPD-PA chain is given by

y =
{

u + w, |u| ≤ A

Ae j � u + w, |u| > A.
(1)

In (1), the OFDM-modulated input u is by the central limit
theorem modeled as a complex-valued white Gaussian signal
with variance σ 2

u , w is a complex-valued circularly symmet-
ric additive white Gaussian noise with variance σ 2

w , and y
denotes the baseband modeled noise corrupted PA signal. The
variance σ 2

y of the output y is given by [7]

σ 2
y = σ 2

u (1 − e−γ 2
) + σ 2

w (2)

where the input back-off level γ 2 was introduced as
γ 2 = A2/σ 2

u . The model (1) is adopted from the work
in [7], where the model and the results derived from it were
experimentally verified.

The NMSE is the focus in this letter, which is defined as

NMSE
�= Var(y − u)

σ 2
u

(3)

where Var(z) denotes the variance of the stochastic variable z.
Based on (1), an expression for the NMSE was derived in [7],
that is

NMSE = e−γ 2 − 2γ
√

π Q(

√
2γ 2) + γ 2

β2 (4)

where Q(·) denotes the tail probability of the standard normal
distribution. Furthermore, the clipping-to-input ratio β2 was
introduced as β2 = A2/σ 2

w . The core of the work in [7] was a
study of the NMSE as a function of the average output power
P = σ 2

y /2R, where R is the load impedance and σ 2
y is given

in (2). Thus,

P = A2(1 − e−γ 2
)

2Rγ 2 + σ 2
w

2R
(5)

where, for the forthcoming analysis, σ 2
u was expressed

as A2/γ 2. The results (4) and (5) were the main results of [7].

III. MAIN RESULTS

The performance analysis presents asymptotes for the
NMSE valid for four different regions of operations, spanning
from a small signal operation to full saturation, as defined
in Table I. The two extreme cases (including γ → ∞ and
γ → 0, as special cases) are merely of academic interest,
but still provide some valuable insight into the problem under
study.
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TABLE I

REGIONS OF OPERATION AND THE CORRESPONDING INPUT BACK OFF γ 2

A. Small Signal and Linear PA Operation

We observe that the sum of the first two terms in (4) tends
to zero as γ 2 increases, and the third term dominates the
expression, that is

NMSE � γ 2

β2 (6)

where � denotes an equality where only the dominant terms
have been retained. With the same argument, the average
output power (5) is approximated as

P � A2

2Rγ 2 + σ 2
w

2R
� A2

2Rγ 2 (7)

where the second equality follows from the high-SNR assump-
tion. It is relevant to comment on the fact that the final
form of (7) simply equals σ 2

u /2R, but for the forthcoming
discussions expressing the power as function of γ 2 is conve-
nient. In particular, as γ 2 → ∞ and under a load impedance
of R = 50 [�], the average output power (7) is given by

Pmin
dBm = 10 log10

(
σ 2

w

) + 10 [dBm] (8)

where Pmin
dBm is a lower bound on the average output power.

Accordingly, the output power is limited by the power of the
additive noise, whereas according to (6) the NMSE increases
without bound as γ 2 increases. Combining (6) and (7), one
has

NMSE � σ 2
w

2R
· 1

P
. (9)

With the NMSE approximated by (9) under a load impedance
of R = 50 [�], the linear asymptote below describes the region
of linear operation

NMSEdB = −PdBm + Pmin
dBm [dBm] (10)

where NMSEdB is the NMSE in dB, PdBm the average
output power P in dBm, and Pmin

dBm the minimal output power
according to (8).

As observed by (7), as the value of γ 2 increases, the average
output power decreases, and so the NMSE increases. In addi-
tion, the high-SNR assumption SNR 	 1 is violated as the
additive noise becomes more pronounced relative to the power
of the input. Thus, it is reasonable to define the transition from
the small signal region to the region of linear operation as
the point where NMSEdB = 0 [dB] or by (6) for γ 2 = β2.
By (7), the transition point corresponds to an average power
P � σ 2

w/R, which by aid of (8) provides the approximation

P lin
dBm = 3 + Pmin

dBm [dBm] (11)

as the average output power when the PA enters from the small
signal region into the linear region of operation.

B. Operation in Compression and Saturation

1) Minimum NMSE at Pbar
dBm: For γ > 1, the NMSE in (3)

is approximated by [6]

NMSE � e−γ 2

2γ 2 + γ 2

β2 . (12)

In (12), the first term is monotonically decreasing for increas-
ing γ 2, whereas the latter term is monotonically increasing,
with a minima for a particular γ 2 = γ̄ 2. In [6], it was shown
that

γ̄ 2 � ln

(
β2

2

)
− ln

(
ln

(
β2

2

))
(13)

where ln(·) is the natural logarithm. Since A is a fixed
constant, the solution γ̄ 2 determines the average signal
power σ 2

u , where the PA operation switches from the linear
region to weak compression. The corresponding NMSE is
given by (12) for γ 2 = γ̄ 2. Under an assumption of β2 	 1
and accordingly γ̄ 2 ≈ ln(β2/2), the minimum NMSE obtained
at γ 2 = γ̄ 2 is well approximated by

NMSEbar
dB = 10log10(γ̄

2) − 10 log10(β
2) [dB] (14)

where NMSEbar
dB denotes the minimum NMSE in dB. The

power at the transition point γ̄ 2 follows from (5) and is after
suitable approximations equal to (7) for γ 2 = γ̄ 2. The average
output power Pbar

dBm determining the transition from the linear
to nonlinear region of operation of the amplifier is given by

Pbar
dBm = 10 log10(A2) − 10 log10(γ̄

2) + 10 [dBm]. (15)

The average power at the transition point Pbar
dBm is a function of

the PA output saturation voltage A and the clipping-to-noise
ratio via γ̄ 2 in (13).

2) 1-dB Compression and Saturation: The 1-dB compres-
sion point can be calculated from (5). Under the high-SNR
assumption, the equation describing the 1-dB compression of
the average output power reads 1 − exp(−γ 2) = 10−1/10

so that γ 2
P1dB ≈ 1.6. Accordingly, inserting the numerical

value γ 2
P1dB into (5), the output average power (5) at the 1-dB

compression point follows.
An operation in saturation (γ → 0) limits the NMSE in (4)

to NMSEsat
dB = 0 dB. In addition, from (5)

lim
γ→0

P = A2

2R
lim
γ→0

(
1 − e−γ 2

γ 2

)
+ σ 2

w

2R
= A2 + σ 2

w

2R
(16)

where L’Hôpital’s rule was used in the second equality. Under
the high-SNR assumption, the maximum output power (16) is
limited by

Psat
dBm = 10 log10(A2) + 10 [dBm]. (17)

With (17), 1-dB compression of the average output power
reads

PP1dB
dBm = Psat

dBm − 3 [dBm]. (18)
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Fig. 1. Theoretical NMSE versus average output power (black solid
line) and simulation results (green ‘o’). Asymptotes for the linear region
of operation (10) (blue dashed line) and the region of compression (19)
with � according to (20) (red dashed-dotted line). The power levels Pmin

dBm =
−19.2 [dBm] (8), P lin

dBm = −16.2 [dBm] (11), Pbar
dBm = 28.4 [dBm] (15),

PP1dB
dBm = 35.5 [dBm] (18), and Psat

dBm = 38.5 [dBm] (17) are all shown by
the vertical black dotted lines. NMSEbar

dB = −47.7 according to (14) is shown
by the horizontal dashed line.

3) Asymptote in Compression: Finally, the asymptote when
the PA operates in compression is studied. Here, the slope �
of a linear asymptote is determined by the transition and
saturation points, or NMSEdB = �PdBm − �Psat

dBm using
NMSEsat

dB = 0 [dB]. Accordingly,

NMSEdB = �
(
PdBm − Psat

dBm

) [dBm]. (19)

The slope � follows from straightforward calculations using
the coordinates for the minimum NMSE, that is NMSEbar

dB
in (14) and Pbar

dBm in (15). A straightforward calculation reveals

� = log10(β
2)

log10(γ̄
2)

− 1 (20)

which is a function of β2 only according to (13). For
β2 	 1, � linearly increases with increasing β2 expressed
in dB approximately as � ≈ β2

dB/20 + 2, where
β2

dB = 10 log10(β
2) [dB].

IV. DISCUSSION AND NUMERICAL RESULTS

Although (4) and (5) are straightforward to numerically
evaluate for different use cases, the result is typically not easily
interpreted by visual inspection only, and thus, the derived
results provide valuable insight and useful rule-of-thumbs.
In Fig. 1, the NMSE (4) is numerically evaluated as a function
of the average output power P (5). The numerical values are
adopted from [7], that is A = 26.5 [V], σ 2

w = 0.0012 [V2],
and R = 50 [�]. From Fig. 1, one can note a satisfactory level
of precision of the derived results. Despite the quite complex
NMSE in (4), the behavior is well approximated by the derived
linear asymptotes, (10) and (19), respectively. The value given
by (14) provides an accurate approximation of the minimum
of the NMSE, which is a function of β2 only.

A deeper insight is provided by adding simulation results,
based on 100 independent runs out of which each run is based
on 100 baseband samples. There is an excellent agreement
between the theoretical and simulation results, as evidenced
by Fig. 1. Thus, the theoretical predictions are judged to deter-
mine the performance of practical systems in finite samples.

From Fig. 1, it is observed that during linear operation,
the NMSE decays by 1 dB per dB increase in the average
output power, a result that is also evident from (10). The offset
is entirely determined by the additive noise level σ 2

w according
to (10). During compression, the slope of the asymptote is
given by (20), that is an increase of � = 4.8 dB per dB
increase in output power, for the use case β2 = 26.52/0.0012,
that is β2

dB = 57 [dB].
V. CONCLUSION

The purpose of this letter is to enlighten the NMSE versus P
behavior of an idealized OFDM system, where the operating
point of the PA varies. It is observed that all results are
independent of the DPD input power σ 2

u , that is the behavior
of the DPD-PA chain is entirely determined by the saturation
voltage A and the power of the additive noise σ 2

w , either
directly or via the clipping-to-noise-ratio β2 = A2/σ 2

w .
The NMSE-P relation is well described by two linear

asymptotes, describing the mode of linear operation and
compression, respectively. The former asymptote has a con-
stant 1 [dB] slope per dB increase in average output power, and
the latter a positive slope determined by β2, where typically �
is in the region [3, 6]. The crossing of the two asymptotes
determines the mode of operation where the NMSE is min-
imized, that is in the transition from PA working in linear
operation to a weak compression. Explicitly, the input back-
off level minimizing the NMSE is determined by the average
output power Pbar

dBm in (15).
Due to their simplicity and ability to accurately pre-

dict the performance of the considered OFDM system,
the derived results are believed to be useful for practitioners
and researchers in wireless communications.

REFERENCES

[1] E. Costa, M. Midrio, and S. Pupolin, “Impact of amplifier nonlinearities
on OFDM transmission system performance,” IEEE Commun. Lett.,
vol. 3, no. 2, pp. 37–39, Feb. 1999.

[2] H. Ochiai and H. Imai, “Performance of the deliberate clipping with
adaptive symbol selection for strictly band-limited OFDM systems,”
IEEE J. Sel. Areas Commun., vol. 18, no. 11, pp. 2270–2277, Nov. 2000.

[3] H. Ochiai and H. Imai, “Performance analysis of deliberately clipped
OFDM signals,” IEEE Trans. Commun., vol. 50, no. 1, pp. 89–101,
Jan. 2002.

[4] J. J. Bussgang, “Crosscorrelation functions of amplitude-distorted
Gaussian signals,” Res. Lab. Electron., Massachusetts Inst. Technol.,
Cambridge, MA, USA, Tech. Rep. 216, Mar. 1952.

[5] C. H. A. Tavares, J. C. M. Filho, C. M. Panazio, and T. Abrao, “Input
back-off optimization in OFDM systems under ideal pre-distorters,”
IEEE Wireless Commun. Lett., vol. 5, no. 5, pp. 464–467, Oct. 2016.

[6] P. Händel, “Power amplifier input back-off optimization in ideally
predistorted OFDM systems,” in Proc. 3rd IEEE Int. Conf. Recent
Trends Electron., Inf. Commun. Technol. (RTEICT), Bangalore, India,
May 2018, pp. 8–11.

[7] J. Chani-Cahuana, C. Fager, and T. Eriksson, “Lower bound for
the normalized mean square error in power amplifier linearization,”
IEEE Microw. Wireless Compon. Lett., vol. 28, no. 5, pp. 425–427,
May 2018.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


