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Abstract
To recover accurate transmitted data at the rege@vel, the information regarding channel state ded from channel
estimation methods play a very important role iry aommunication system. In this paper the perfogeaevaluation of
different types of QAM and PSK modulations with éhdéfferent channel estimation methods in OFDMesyisfor wireless
communication in frequency domain for slow fadingrutel is compared. The results must be useful iIDI@Fased
applications like IEEE 802.16(d) and equivalentstards.
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1. Introduction

A title of An orthogonal frequency division multiplexing (OFDNs an efficient high data-rate, having
advantages of high spectrum efficiency, simple &icefnt implementation by using the fast Fourieansform
(FFT) & the inverse FFT (IFFT), mitigation of intelymbol Interference by inserting a cyclic pref@R) and
robustness to frequency selective fading channatsmission technique for wireless communicatian[1]

Any channel estimation technique is used to evaltia performance of the channel to know its behavi
during the transmission of data under differentditions and for different type of modulations. Theannel
estimation can be done either block type pattemntiith the pilot tones are inserted in all subeasriof an OFDM
symbols, periodically or comb type pattern in whiglot tones are inserted in each individual OFDMeadblock &
channel is estimated in all OFDM symbols [2], kmoas pilot symbol assisted (PSA) estimation. Blygle pattern
is suitable for slow-fading assuming channel charistics are stationary. For comb type pilot pattand fast
fading channel the estimation can be done by intatipn methods like linear, cubic, spline and cosel order
interpolations [1].

In this paper, a comparative study of differentetypf quadrature amplitude modulation (QAM) andsgha
shift keying (PSK) modulations with least squar&)Uinear minimum mean square error (LMMSE) andlified
minimum mean square error (Mod MMSE) channel edtomaechniques applied to OFDM systems for theppse
of detecting the received signal, improving theotlghput of orthogonal frequency- division multipleaccess
(OFDMA) systems. Different experts have put effddsexploit channel estimators for OFDM systemseyrare
primarily categorized into two branches, dependimgwhether the fading and dispersive channel iatdrk as
stationary within an OFDM symbol period or not [B}1First, when the OFDM symbol duration is mucha$ier
than the channel coherence time, the fading chdangéwed as stationary within one OFDM symbolisTpaper
elaborates the channel estimation for such a chaimation. The technique is also be useful tovigl® wireless
last mile broadband access in Metropolitan Areamsdt, delivering performance comparable to tradisocable,
DSL or T1 offerings [6, 11-17]

2.  System Model

The system model of simulated OFDM Trans-receiténq depicted in figure 1. At transmitter end, the
modulator generates Ns data symbgls08 n <N, which are multiplexed to the .NNs < N.) subcarriers [7]. The
time domain samples,&ansmitted during one OFDM symbol are generatethierse fast Fourier transformation
(IFFT) and transmitted over the channel after itsgrthe cyclic prefix (CP). In this research ouulticarrier
system employs 256 subcarriers and cyclic prefiR)(@ngth of 64. The result of OFDM transmitterlviié sent
through the multipath fading channel to the receive

At the receiver side, the cyclic prefix is removienim the received time-domain samples, and fastieou
transformation (FFT) is carried out on the data gasy(n), in order to achieve the received datat®ls Y,
frequency-domain. This received signgldharacterizing one OFDM symbol can be writtenr@gtiency domain in
matrix form as

Y=XH+W 1)
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where X is transmitted symbol, H is channel tran&faction, W is additive white Gaussian noise.
X=diag(Xp, -, Xnc-1)
H=[Ho,...,Hnc1]"
W=[N0,.. -1NNC-1]
N. is the number of subcarriers in an OFDM symbol.
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Figure. 1 OFDM system block diagram

3. Channel Estimation Techniques
We have to find the channel transfer function. Tiheulse response of the multipath fading channel is
given by:

h(tt) =X m ams (t-T(m)) (2

Wheret(, is the multipath delay spread factor. Considehed the channel is almost stationary within one syim
period, and then the frequency domain channel &eqy at subcarrier k is given by:

Hk ZZm an e—jZnt(m)k/ TsN (3)

The equivalent discrete time channel impulse respatue to the time domain sampling effect can kentas
under:

-1

On =Ny Hy & Zmk/N ()
k =-N/2

N |z

After simplification, we get

gk=\/l Yan ik (N-Le(M)IN singerm)/sine(z(m)-k)/N) (5)
N

The channel transfer function can be obtained kingethe fast Fourier transformation aof g

3.1 Least Square Based Estimation

In this estimation the weighted errors betweenmfeasurements and the model are minimized [6-7ldok type
pilot arrangement where pilots are inserted insalbcarriers of an OFDM symbol, LS estimator chanraisfer
function can be written as:

Hs=X1Y = [Xg"Yo, X: Y1, X7 Yo Xnot Y e (6)

Where N is the number of subcarriers.
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3.2 Linear Minimum Mean Square Error Estimation (LM M SE)
In general the Channel Autocorrelation matrix ipressed as:

Reprp =E[ HpHe]”
where
E {HmHn} - {1 ........................ for (m:n)

1_e-j27r (m-n)/N
(iz (m-n)/N) for (m;ﬁn)

(7)

(8)

Note that for an exponentially decaying multipattwpr-delay profile @(t) = e“f’t(rms)) the correlation between;K

th and K-th subcarriersytky, k) can be expressed as:

Rh(kl,kz) - 1_e—L[1/r(rr:1/s) +(2j(k1-k2))/N] .
T(rms) (l'é T(rmS))(:I-/T(rms)"'J zn(kl'kz)/N)

Where L is the length of cyclic prefixyms) is RMS delay spread factor of the channel [1].

If run IS given as

rh(0,0) Th(o,l) . Th(O,NC - 1)
rh(l,O) Th(l,l) . Th(l,NC - 1)

rh(Z,O) rh(Z,l) .- rh(Z,NC - 1)

74 (N — 1,0) 7,(N, —1,1). . 7,(N. —1,N, — 1) |

(9)

Based on the knowledge of the auto-correlation imatine channel transfer function can be written FMMSE

estimator as:
Humse = Ran (Ran + B/SNR)lHLs
Where | is an Identity matrix and

B=E[Xd? E [I X1, k= 0,1,..Nicx

B is a constant value depending on the modulatipe.tin our casp=

3.3 Modified MM SE Estimation
The equation of channel transfer function can bigew as:

Humse = AHLs
where A is a weight matrix defined as:
A = Ruy (Run +1 B/SNRY?

If RyM is give as:

1(0,0) 1,(0,1) 1, (0,2) 0 0 0

m1,0) (1,1 (1,2 0 0 0
0 1(1,0) r(L1) ry(1,2) 0 0
0 0 (1,0 r(L1) r(1,2) 0
0 0 0 0 0 (1,0
()} 0 ()} 0 0 ()}

Then A can be modified as:

1[6].
0 0 0
0 0 0
0 0 0
0 0 0

n(1L1) n1,2) 0

(1,0 r(1,1) r,(1,2)]

(10)

(11)

(12)

(13)
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AMOd - RHHMOd (RHHMOd+ | B/SNR)-I (14)

To modify the autocorrelation channel matrix a gigant number (Z) out of N—subcarriers is conseter
for computations [1] to reduce the rank of this nixaty assigning the zero values to non-significzogfficients.
Therefore the Modified channel transfer function is

HMMSEMOd =AM His (15)

It can be seen from above equation that the calonlaf A¥° contains of two steps: i) inversing ag 8N, matrix.
i) Multiplying the yield matrix and Nx N, matrix

4. Simulation Results
The symbol error rate is calculated in LS, LMMSH énodified MMSE methods in frequency domain for

500 iterations. The performance comparison of ceaiimterms of symbol error rate and signal to eaiatio for
different QAM and PSK modulations has been obtaihedanodified MMSE method, a number significant (&s
considered for calculating the channel transfecfion (H) at reduced rank of autocorrelation matbnjxassigning
zero values to non-significant elements. So, thal ftomputation takes place only for the significalements near
to main subcarrier. Hence the computational conityleodf LMMSE algorithm is reduced without loss of &
performance. We consider two paths with non intesgenpling interval of 0.5 and 3.5 micro secondse rhpulse
response of the multipath fading channel is given b

h(’[,t) = th (s @TY (15)

Where, h(t) andr,are the gain and delay of the multipath. In Simatgtwe considered

h(z, ) =5(t-0.5Ts)+5(t-3.5Ts) (16)

SNR V/S Symbol Error Rate in OFDM SYSTEM
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Figure 2. Performance comparison of QAM symbol rerate.

Performance Evaluation of Channel Estimation in OFDM System for Different QAM .... (Surinder Singh)



ISSN: 2088-8708

SNR V/S Symbol Error Rate in OFDM SYSTEM

Modified MMSE (M)

arey Jou3 [oquAS

100

SNR in dB

Figure 3. Performance comparison of 4QAM symbaberate.
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Figure 4. Performance comparison of 8QAM symbaberate.
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Figure 5. Performance comparison of 16QAM symbudrerate.
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Figure 6. Performance comparison of 32QAM symbudrerate.
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SNR V/S Symbol Error Rate in OFDM SYSTEM
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Figure 7. Performance comparison of 64QAM symbuairerate.

The simulations are carried through for channelmegton methods with the aid of pilot symbols iriger. The

model parameters are given as under

Table 1. Parameter /Specifications for OFDM systenQAM & PSK modulations

Parameter Specifications
No. of Subcarriers N = 256
FFT size 256
Length of Guard Interval 64 samples

Modulation type

Pilot Type

Significant Number (Z) for
Modified MMSE Method.
Channel Model

Number of Iterations

QAM,4QAM,8QAM,16QAM,32 QAM & 64 QIM,
BPSK,QPSK,8PSK,16PSK, 32 PSK & 64 PSK
Block type (256 subcarriers)
105 out of 256 for QAM & 90 out of 256 for PSK mddiions

Rayleigh fading
500

5.  Resaults Discussions

In Figures 2 to 13, shows the symbol error ratesliffiérent types of quadrature amplitude modulation
(QAM) and phase shift keying (PSK) as per condgionTable 1 parameters for 256 subcarriers witbetmethods
of channel estimation along with insertion of pilmnes block type assuming the channel charadtsrisire
stationary. The channel correlation matrixgzRor LMMSE method consists of 256 coefficients & the iified
MMSE method considered 105/90 coefficients by assig zero values to the non-significant coefficenf the

Rmodified

HH matrix.

Results showed that in frequency domain estimatienuse of LMMSE estimator performs significantly
better than the LS estimator and modified MMSE gibetter or equivalent performance with suitabgmigicant
number for channel weight matrix. The modified MM®$B&s a significant advantage of reduced computaltion
complexity. Further, the results showed that synalodr rate increases with the higher order of nhatthns.
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Figure 8. Performance comparison of BPSK symbareate.
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Figure 9. Performance comparison of QPSK symbalreate.
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Figure 10. Performance comparison of 8PSK symbor eate.
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Figure 11. Performance comparison of 16PSK symivor eate.
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Figure 12. Performance comparison of 32PSK symivol eate.
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Figure 13. Performance comparison of 64PSK symivol eate

(Surinder Singh)

Performance Evaluation of Channel Estimation in OFDM System for Different QAM ....



B

150 ISSN: 2088-8708

6. Conclusion

In this paper different QAM and PSK modulations hwitS, LMMSE and Modified MMSE chann
estimation approaches in frequency @in have come under investigation. Results shovmadl in frequenc
domain estimation the use of LMMSE estimator pen®isignificantly better than the LS estimator amdified
MMSE gives better or equivalent performance withiadle significant numbeio the LMMSE. Further, the resu
showed that symbol error rate increases with thldriorder of modulations and PSK modulations wedllesse
computations than QAM modulatior
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