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In digital communication systems widely tan orthogonal frequency divisic
multiplexing (OFDM) modulation ofsignal. In OFDM signal the amplitude a
phase of the subcarrier must remain constant d¢ie period of the symbol in ord
for the subcarriers to maintain orthogonality Héy are not constant it means that
spectral shape of the subcarriers will not havedbmectsinc shape, and thus tl
nulls will not be at the correct frequencies,ulting in InterCarrier Interferenc
(ICI). At the symbol boundary the amplitude and gghahange suddenly to the n
value required for the next data symbol. In muttipanvironments int-symbol in-
terference (ISI) causes spreading of the energydmetthe symbols, resulting |
transient changes in the amplitude and phase dfuthearrier at the start of them-
bol. Therefore, one of the most important tasks is és& bf countering the negati
effects caused by inteymbol interferences due to mple reflections of the sign
in the radio channel.

The length of these transient effects correspondkd delay spread of tha-
dio channel. The transient signal is a result @heaultipath component arriving
slightly different times, changing t received subcarrier vector. Figure 1 shows
effect [1]. Adding a guard period allows time foettransient part of the signal te-
cay, so that the fast Fourier transform (FFT) letafrom a steady state portion
the symbol. This eliminates thiffect of ISI provided that the guard period is len
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than the delay spread of the radio channel. Thaireng effects caused by the I-
tipath, such as amplitude scaling and phase rotaie corrected for by chanr
equalization [2].

The addition of gard period removes most of the effects of ISI; hosvan
practice, multipath components tend to decay slawitii time, resulting in some I¢
even when a relatively long guard period is useguré 1 shows the simulatedr-
formance of an OFDM system ihe presence of static multipath. In this case
multipath impulse response followed an exponemteay with a time constant ol
samples, resulting in root mean square (RMS) dsfagad of 3.5 samples. Ee
sample in the impulse response was compnd Gaussian distributed. The RMe-
lay spread is a common parameter to estimate tteadf the multipath energy
time, and used to estimate the level of ISI in Ergarrier communications. A mo
appropriate measure is the time over which 99%he total accumulated impuls
energy arrived, which in this simulation was 16 plas. The results shown in Figt
1 plot the effective signal to noise ratio (SNR}ln¢ demodulated OFDM signal a
function of the channel SNR. Effective SNR is usgtensiely though out this thes
as a measure of the performance of the communitsatiok. It is a measure of tl
signal to noise ratio as seen by the OFDM receifEar demodulation, where tl
signal power is the magnitude of the wanted sigmad, the nois is the combinedr-
ror in the received signal due to all the detrimémtffects in the system includii
channel noise, filtering, ISI, ICI, frequency egptime offset errors, channel eci-
zation errors, etc. The effective SNR provides asunee of th OFDM performance
independent of the modulation scheme. Traditiondlé/bit error rate (BER) is us:
to measure the performance of a link, however imttiesis OFDM is considered t
work with a large number of modulation schemes maiBER a poor mhod of
measurement. The BER of any particular modulatiresie can be estimated fr
the effective SNR by finding the BER of the modudatscheme in an additive whi
Gaussian noise channel with a SNR equal to thetefeeSNR

Figure 2 shows the efft of multipath on the OFDM transmission. Ideall
effective SNR should follow the channel SNR, howedetrimental effects such
ISI lead to degraded performance. We can see fhemwdsults that as the length
the guard period is increased the rmum effective SNR improves. For examy
the effective SNR of the OFDM signal only reachesaimum of 15 dB when tr
guard period length is 4 samples in length, buthrea 25 dB when a guard perioc
16 samples is used.

This is a result of more of t ISI energy being removed by the guard per
This shows that having a guard period (16 samplett)is more than four times t
multipath RMS delay spread (3.5 samples) stillltssa significant IS|

The low effective SNR for when the guard perioas a similar length to tf
channel RMS delay spread is fine for robust mothaschemes such as BPSK
QPSK, but is insufficient for higher spectral effiecy modulation schemes such
64-QAM and 2569AM. Traditionally the RMS delay spread has besed as a
measure of ISI and the allowable symbol rate inudtipath environment [3]. Fw-
ever if a higher spectral efficiency is requirethare appropriate measure is neel
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To achieve very high spectral efficiencies an é¢ffecSNR of greater than 3tB
must be able to be reached [1]. In this case tireq a guard period of at least
samples in length. This length of the guard pedodesponds to the time it took 1
the impulse energy to decay—35 dB. Thus if we require a SNR of 25 dB ther
have a guard period that is at least long enoughartmve all impulse reflections tr
are stronger than —25 dB.
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Figure 1. Function of the guard period for protegtagainst 1S
The guard period protects against transient effdagsto multipath, imoving the ef-
fects of I1SI, provided it is longer than the chdraeday spread. This example shc
the instantaneous phase of a single carrier fgndesls

The last two results in the simulation show thefqgremance when using
guard period of 64 sartgs, with an inverse fast Fourier transform (IFBike of 128
and 512. In the 12Beint IFFT simulation, 80 subcarriers were usedeavim the 51-
point simulation, 320 subcarriers were used, makimegbandwidth of both syster
the same. In order for ¢hOFDM carriers to remain orthogonal to each othes
channel response must be approximately flat overodmdwidth of each subcarr
[1]. The simulation using 320 subcarriers dividee thannel response using fil
subcarriers, and hence the varin of the channel fading over their bandwidth
each subcarrier is more constant, improving théopmance. The effective SNR f
the 128 IFFT size is not limited by the guard peribut instead by poor chanr
equalization caused by an insufficient nier of subcarriers. For OFDM to oper.
effectively, the frequency response must be apprately flat over the bandwidth
a subcarrier. If insufficient subcarriers are udezh the frequency response char
too rapidly, leading to degraded performa
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Exp. Decay T=8 samp, RMS del.=2.5 samp, 99% Energy=16 samp
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Figure 2. Effectiveness of adding a guard periaddémoval of I1S|

Adding a guard period lowers the symbol rate, hawetvdoes not affect tr
subcarrier spacing seen by the receiver. The subcapacing is determined by t
sample rate and tH&T size used to analyze the received signe

Af =

FFT
In this equationAf is the subcarrier spacing in FF, is the sample rate |

Hz, and N is the size of the FFT. The guard period adds tinerhead, decrs-
ing the overall spectral efficiency of the sym.

Thus, as shown by the results of the conducted atengimulation, th:
proposed options of usinthe guard periods the structure of the OFDM chant
signals enable you to effectively deal with thensigdistortions caused by in-
symbol interfeence in radio channels in multiple uncontrolleflections. In gener-
al, it is possible to provide higher noise immuratyd reliability of the transmissic
in terms of reflection of signals in radio chant

References
1. MorelosSaragosa, R. The Art Error Correcting Code / R. Morel-
Saragosa, transl. from English v Afanasieva // M.: Tekhnosfera, 20-320 p.
2. Peskin, A. E. The Digital TV. From Theory to Praeti/ A. E. Peskin
A.V. Smirnov. -M.: Hot Line-Telecom, 2005. — 349 p.
3. Shilejko, AV. The Digital Models. Library of Automatic / A.' Shilejko //
M.: Energy, 1964.

998



