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Abstract — In this paper we present the basic 
characteristics of Orthogonal Frequency Division Multiplex 
(OFDM) systems with quadrature phase shift keying (QPSK) 
modulation and multi-bit differential detection (MBDD). In 
the simulation environment designed for this purpose, we 
analyze the effects of frequency offset on the performances of 
OFDM digital communications. We also analyze the 
influence of OFDM system parameters on system 
performances for various values of frequency offset, number 
of bits for multi-bit detection and the number of subcarriers. 
We have shown the advantages and disadvantages of using 
MBDD in the OFDM systems.  

Keywords — orthogonal frequency division multiplexing, 
differential quadrature phase shift keying, multi-bit 
differential detection, frequency offset, frequency 
synchronization.  

I. INTRODUCTION

RTHOGONAL frequency-division multiplexing has 
gained a great deal of attention lately and is 

considered as a strong candidate for many next-generation 
wireless communication systems. OFDM transmission 
techniques have found applications in the two digital 
terrestrial broadcasting services - digital audio 
broadcasting (DAB) and digital terrestrial video 
broadcasting (DTVB) [1], [2]. OFDM is used in the 
standards for wireless 5-GHz local area networks (IEEE 
802.11a and HIPERLAN) [3], [4]. Asymmetric digital 
subscriber lines (ADSL) based on OFDM technology are 
used to deliver high-rate digital data over existing plain 
old telephone lines (POTS) [5]. More recent developments 
such as IEEE802.16 wireless metropolitan area network 
(WMAN) [6] standard address broadband fixed wireless 
access (BFWA) uses OFDM. OFDM is also being 
considered in the IEEE802.11n standard that considers 
Multiple-Input Multiple-Output (MIMO) systems.  
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OFDM waveforms are resilient to timing errors, yet 
highly sensitive to frequency offsets and phase noise in the 
transmitter and receiver RF and sampling clock oscillators. 
Numerous methods for estimation and correction of 
frequency offset are proposed. Some of them use 
redundancy inherently built in every OFDM symbol, 
because of cyclic prefix usage, [7], [8]. Second group of 
estimation methods is based on the use of special pilot 
sequences for frequency offset estimation [9], [10]. 

In this paper, we present the performance of OFDM 
system, with quadrature phase shift keying (QPSK) 
modulation and multi-bit differential detection (MBDD) at 
the receiver, in an AWGN (Adaptive white Gaussian 
noise) channel. There are various algorithms for MBDD, 
such as algorithms shown in [11], [12]. MBDD, for larger 
number of bits in detection, is more sensitive to frequency 
offset than conventional DQPSK, but MBDD has better 
bit error rate (BER), as shown in [13]. Therefore, it is 
expected that the OFDM system with QPSK modulation 
and MBDD is more sensitive on frequency offset than 
OFDM system with QPSK modulation and conventional 
differential detection. For this purpose we designed a 
special simulation platform and analyzed the influence of 
OFDM system parameters on system performance for 
various values of number of OFDM subchannels (N), and 
the number of bits (NB) in multi-bit differential detection. 
Special case, when the NB = 2 corresponds to conventional 
differential detection. Characteristics of OFDM/DQPSK 
system is shown in [14].  

II. SYSTEM MODEL

The OFDM signal, at the output of the transmitter may 
be written as: 
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where dn,i is the complex data symbol, g(t) is the impulse 
response of the transmitter filters, fc is the carrier 
frequency, NnTnf sn ,...,0,/  is the n-th subcarrier 
frequency, N is the number of subcarriers, and 1 / Ts is the 
symbol rate associated with each subcarrier. 

Block diagram of the proposed OFDM receiver with 
MBDD is shown in Fig. 1. Received signal is down 
converted, low-pass filtered, and sampled with the period: 

GICPN
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where GI is the guard interval duration, and CP is the 
cyclic prefix duration, both expressed in the number of 
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sampling periods, i.e. TGITGI , TCPTCP . VC is the 
virtual channels duration.

S/P represents serial to parallel converter and it requires 
timing synchronization. After removing the cyclic prefix, 
a discrete Fourier transform (DFT) of length N is 
performed. DFT receives and reconstructs OFDM data 
frame at the input. Transmitted modulated symbols 
influenced by frequency channel response are at the 
output. In this case we use OFDM demodulator with N
subcarriers and discrete Fourier transform. Input is in 
time, and output in the frequency domain. Within one 
OFDM symbol duration, each subcarrier data symbol is 
passed through a MBDD demodulator.  

After DFT, block for multi-bit differential decoding 
(MBDD in Fig. 1, as shown in [12]), firstly make 
hypothesis for the value of NB bits, since each bit can only 
acquire values from following set ,,1,,1 jj . Each 
hypothesis corresponds to different combinations of bits 
values from the previous set. Number of hypotheses is 
calculated based on [11] and shown with the following 
equation: 

2)1(4 BNNH  (3) 
In each OFDM channel and for each hypothesis we 
calculate the corresponding sum. Sum for k-th channel and 
i-th hypothesis is: 
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where X(k,m) is k-th output of DFT block at m-th time 
instant, X(k,n) is k-th output of DFT block at n-th time 
instant, l represents the phase difference between X(k,l)
and X(k,l+1) bits, and i denotes number of the hypotheses, 
which ranges from 1 to NH. X(k,m), X(k,n) represents 
complex baseband signals at the outputs of corresponding 
blocks. From hypothesis which corresponds to maximum 
sum S[k,i] we derive the detected signal. 

P/S represents parallel to serial converter and at the 
output, we have a received datastream. 

III. NUMERICAL RESULTS

The performance of the described system is analyzed 
using Monte-Carlo simulation. Simulation parameters are 
chosen in accordance with set of IEEE 802.11 standards, 
which does not diminish the generality of results. The 
carrier frequency is 2.4 GHz, and the duration of each 
channel is Ts=10 ns. For each channel we used QPSK 
modulation and multi-bit differential detection at the 
receiver. We tested OFDM system performances as a 
function of parameters N and NB, without frequency offset 
estimation and correction. Three different cases were 
simulated. In the first case, the number of subcarriers is 
N = 16, the number of virtual channels is VC = 2, cyclic 
prefix duration is CP = 2, and guard interval duration is 
GI = 2, expressed in the number of Ts. In the second case, 
the following parameters are used: N = 32, VC = 4, 
CP = 4, and GI = 4. Finally, in the third case, parameters 
are: N = 64, VC = 8, CP = 8, and GI = 8.

Fig. 2. shows OFDM system bit error rate as a function 
of the energy per bit to noise power spectral density ratio 
(Eb / N0), for different values of multi-bit level NB, in the 
presence of frequency offset, f = 200 kHz (dashed lines) 
and without frequency offset (solid lines) for the first 
simulated case, when N = 16. If the system is ideally 
synchronized ( f = 0 kHz) the curves for all values of 
parameter NB have similar characteristics, but the 
performance is the best when NB is the largest. It can be 
seen that system performances depend much on parameter 
NB. As we increase NB, performance improvement is less 
significant. For example, difference between the curves 
for NB = 2 and NB = 3 is much greater than the difference 
between the curves for NB = 4 and NB = 5. That leads to 
the fact that increasing of NB, leads to an increase the 
complexity of the system, but it does not improve system 
performances significantly.          

In the presence of frequency offset the best 
performances are for NB = 2 and with increasing of 
parameter NB performances are much worse. System is 
much sensitive on frequency offset for larger values of 

Fig. 1. Proposed model of OFDM/QPSK receiver with MBDD 
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parameter NB. Also, one can see that in the presence of 
frequency offset, maximum deviation from the ideally 
synchronized system ( f = 0 kHz) is in case when the 
value of NB is the largest (NB = 5).  
Fig. 3 shows bit error rate versus frequency offset f, with
NB as a parameter, with Eb/N0 = 8 dB and N = 16. For 
smaller values of parameter NB, frequency offset has less 
influence on the system performance. It means that the 
band within it is possible to achieve satisfying 
transmission quality is the widest. With the increase of 
parameter NB, the influence of frequency offset on 
transmission quality also increases. Frequency offsets 
range where there is a satisfying transmission quality 
becomes narrower. Frequency offset range is wider for 
smaller values of parameter NB, but in this case BER is 
higher around f = 0 Hz. OFDM/QPSK system with 
multi-bit differential detection at the receiver is less 
sensitive to frequency offset for the smaller values of 
parameter NB, but the system has the better BER for larger 
values of parameter NB.

Figs. 4 and 5, show bit error rate versus frequency 
offset f, with NB as a parameter, N = 32 and N = 64, 
respectively. The curves have the same behaviour as the 
curves from the Fig. 3. 
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Fig. 2. Bit error rate versus Eb/N0

for OFDM/QPSK system with MBDD 

From the Figs. 3, 4 and 5 we can also conclude that the 
band within it is possible to achieve satisfying 
transmission quality depends of the number of 
subchannels (N), and it is the widest when N has smaller 
values (N=16). With the increase of parameter N, the 
influence of frequency offset on transmission quality also 
increases. Frequency offsets range where there is a 
satisfying transmission quality becomes narrower. 
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IV. CONCLUSION

Comparing OFDM systems with QPSK modulation and 
multi-bit differential detection at the receiver in the 
presence of frequency offset for different number of 
subchanels and number of bits in multi-bit detection, one 
can conclude that the described system is less sensitive to 
frequency offset for the smaller values of number of bits 
that are compared during the detection (NB), but the 
system has better BER for larger values of parameter NB.

For different values of number of OFDM channels, 
curves showing BER versus frequency offset have the 
same characteristics, but the range where there is a 
satisfying transmission quality is wider for smaller 
parameter N.

It means that sensitivity to frequency offset of OFDM 
system with QPSK modulation and multi-bit differential 
detection increase when we increase NB. Also with the 
increase of NB, bit error rate gets better around f = 0 Hz, 
but the complexity of the system also increases, and 
system performances are not improved significantly. 
Finally, satisfying transmission quality can be achieved in 
a narrow frequency band.  

REFERENCES
[1] European Standard (Telecommunications Series), Radio 

Broadcasting Systems; Digital Audio Broadcasting (DAB) to 
Mobile, Portable and Fixed Receivers, ETSI EN 300 401 V1.3.3 
(2001-05), 2001. 

[2] European Standard (Telecommunications Series), Digital Video 
Broadcasting (DVB); Framing Structure, Channel Coding and 
Modulation for Digital Terrestrial Television, ETSI EN 300 744 
V1.4.1 (2001-01), 2001. 

[3] Part 11: Wireless LAN Medium Access Control (MAC) and 
Physical Layer (PHY) Specifications, IEEE 802.11a-1999, 1999. 

[4] Technical Specification, Broadband Radio Access Networks 
(BRAN); HIPERLAN Type 2; Physical (PHY) Layer, ETSI TS 101 
475 V1.2.2 (2001-02), 2001. 

[5] Technical Specification, Transmission and Multiplexing (TM); 
Access Transmission Systems on Metallic Access Cables; 
Asymmetric Digital Subscriber Line (ADSL), ETSI TS 101 388 
V1.3.1 (2002-05), 2002. 

[6] IEEE Standard for Local and metropolitan area networks, Part 16: 
Air Interface for Broadband Wireless Access Systems, IEEE 
Computer Society and the IEEE Microwave Theory and Techniques 
Society, June 2009. 

[7] R. Van Nee, R. Prasad, “OFDM Wireless Multimedia 
Communications,” Artech House, 2000. 

[8] J.van de Beek, M. Sandel, P.O. Borjesson, “ML estimation of time 
and frequency offset in OFDM systems,” IEEE Trans. Signal 
Process., vol. 45, No. 7, July 1997. 

[9] P. H. Moose, “A Technique for Orthogonal Frequency Division 
Multiplexing Frequency Offset Correction”, IEEE Trans. on 
Communications, vol. 42, No.10, October 1994. 

[10] Y. H. Kim, Y. K. Hahm, H. J. Jung, I. Song, “An Efficient 
Frequency Offset Estimator for Timing and Frequency 
Synchronization in OFDM System”, IEEE Pacific Rim Conf. on 
Commun., Comp. and Signal Proc., Aug. 1999. 

[11] M. Keneth, Jr. Mackenthun, “A Fast Algorithm for Multiple-
Symbol Differential Detection of MPSK”, IEEE Trans. on 
Communications, vol. 42, No.2/3/4, February/March/April 1994. 

[12] D. Divsalar, M. K. Simon, “Multiple-symbol Differential Detection 
of MPSK”, IEEE Trans. on Communications, vol. 38, No.3, March 
1990. 

[13] A. M. Rabiei, N. C. Beaulieu “Multiple Symbol Differential 
Detection of MPSK in the Presence of Frequency Offset”, IEEE 
International Conference on Communications (ICC 2005), vol. 1, 
pp.693-697, May 2005. 

[14] S. N. Stošovi , B. R. Dimitrijevi , D. Anti , Z. B. Nikoli ,
“Frequency offset influence on OFDM/DQPSK system 
performance”, INFOTEH - Jahorina, Vol. 9, Ref. B-I-2, p. 131-134, 
March 2010. 

478



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


