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ABSTRACT

In this paper, the block-type pilot channel estiorafor orthogonal frequency division multiplexig@FDM) and
Multiple Input Multiple Output (MIMO) OFDM systemis investigated. The estimation is based on thamim mean
square error (MMSE) estimator and the least sq{ls8§ estimator. The MMSE and LS estimators areaiated and their
performances are compared. Our results show tbgi¢Hormance of MMSE estimator is better but @splexity is high,
contrary to the LS estimator that has low complekiit poor performance. We evaluate estimator'$operance on the

basis of mean square error and bit error rate.

KEYWORDS: Block Type, Channel Estimation, Least Square (U@)MO-OFDM, Minimum Mean Square Error
(MMSE)

INTRODUCTION

Orthogonal Division Multiplexing (OFDM) is based dime principle of dividing a high bit rate dataestm into
many parallel lower data rate streams that arestn@ted simultaneously over a number of subcarriedsich are
orthogonal to each other [5], thereby increasing shmbol duration and reducing the inter symboériierence (ISI).
The Multiple Input Multiple Output (MIMO) technolggemploys multiple transmit and receive antennaaitaer end of
the wireless link to increase data rates or thiabidity with which data is receivef®]. MIMO-OFDM technology is
therefore promising way to deliver the high datetighput and quality of service projected for fetuvireless systems.
MIMO systems increase the data rate without expandhe bandwidth, increase the diversity and imerdke
performance against fading channels using space-timdes [10].MIMO-OFDM systems requires channefattaristics
in order to correctly demodulate the received égtamploying coherent detection schemes so relictid@nel estimation
is needed. The most important challenge of MIMO-@FBystems is how to obtain the channel state inébion
accurately for coherent detection of informatiombypls [8]. The channel state information can beaioled through

different types of estimation algorithms such aing based (Pilot based), blind and semi-blindnetel estimation.

The blind channel estimation methods require aelamgount of data and the convergence rate is varyHence,
it goes against the real-time channel estimatignTle training based channel estimation can b&paed by sending
training symbol or Pilot symbol either by Block g/pr Combo type pilots. In Block type pilot estiioat pilot’s tones are
inserted into all frequency subcarriers within theriodic intervals of OFDM blocks and it is empldyender the
assumption of slow fading channels only. But in ®@ontype pilot estimation, pilot tones are inseritetd each OFDM
symbol within the specific periods of frequencysiin this paper, channel estimation based on Bigok pilot estimation

is carried out.
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SYSTEM DESCRIPTION

The SISO-OFDM system is shown in figure 1, in whilh incoming binary bit streams are first modudateing
QAM modulation techniques resulting in modulategnsi X (k). The modulated signa{(k) is employed with IFFT to
obtain time domain signal. IFFT is used in OFDMteys to achieve the orthogonal property betweenstitecarriers.

Here, N subcarriers transform into N point IFFTeThme domain representation of IFFT signat(s)= IFFT [X(K)].
x(n) = 7= TNZ3X(). &2 @)

Cyclic prefix is a replica of the last data samptdsOFDM signal that is inserted at the start of AFDM
symbol. It is added to IFFT signal x(n) to preseovihogonality and secure against multipath effettshannel for a time

period of useful data in signal. The signal thaesulted after adding guard interval is given as
x9(n) = x(n + ng) wheren, = —Ng,—Ny, +1,...,-1&n=0,1, 2....N-1 (2)

WhereNgis the length of the guard interval. The transrdig@gnal will pass through the frequency seledtive

varying fading channel with additive noise. Thdrg teceived signal is
y¢m) ={x9(n) ® h(n)} +wn) 3)
Where channel impulse response can be expressed as

- —jUe+(N=D7p) __SinTtm
h(n) = =Xmame N S0t 4

Wherea,, is the nf' complex path gain, is the corresponding path delay, andsTthe sampling interval. At the
receiver end, guard interval is removed from tleeineed signal.

yg(n+ng)For-NgSnSN—1 (5)

The signal becomes y(n), which is then applied Ed Block to transform the signal into frequency @am
which gives Y(k), where

Y (k) =FFT{y(n)} k=0, 1, 2....N-1 (6)

Then, the signal at receiver is expressed as

Y (k) =X (k) H (k) +W (k) (7)

Where, W(K) is zero mean noise W(k) = KwIln)} and H(k) represents channel frequency responserewh
H(K)=FFT{h(n)}.

MIMO-OFDM system is shown in figure 2. Here, MIMOFDM system with two transmit antennas)(&nd two
receive antennas (Ns considered. The MIMO-OFDM system is fed witiput data which is digitally encoded to increase
the security of transmission, minimize errors a thceiver, or maximize the rate at which dataeist.sThe input bit
sequence is converted into a sequence of complebayg using QAM modulation. The modulated signais then
space-time coded using the Alamouti algorithm [@fdbe transmitting from multiple antennas [7], n@#cessarily
implemented jointly over all the Nranches. The MIMO-OFDM transmitter haspdrallel transmission paths, which are

very similar to the single antenna OFDM system hebi@anch performing serial-to-parallel conversipiipt insertion,
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N-point IFFT and cyclic extension before the sigisafinally transmitted. At the receiver side, t8® is removed and
N-FFT is performed per receive branch. After thiig transmitted symbol per transmitted antennaishined for digital

demodulation and decoded in order to recover testnitted binary bits.
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Figure 1: SISO OFDM System Block Diagram
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Figure 2: MIMO OFDM System Block Diagram
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In MIMO system, Ndifferent signals are transmitted simultaneousigrd\ x N, transmission paths and each of
those N received signals is a combined effect of all thetrinsmitted signals and the noise. The systemcisgpia
increased by the diversity, but when compared &8IS0 system, it complicates the system desigardatyy channel
estimation and symbol detection due to the hugatyeased number of channel coefficients. The da¢ars from each
antenna undergoes OFDM Modulation. The Alamoutic8p@ime Block Coding (STBC) scheme has full trarismi

diversity gain and low complexity decoder, with #recoding matrix represented as referred in [11].

_[X1 —-Xx2
X= X2 X1+x
X1 = (X [0] X*[1] X[2] -X*[3] ....... -X*[N-1])
X2 = (X [1] X*[0] X[3] X*[2]......... X*[N-2] ) (8)

The vectorsX1 andX2 are modulated using the inverse fast Fourierstoam (IFFT) and after adding a cyclic
prefix as a guard time interval, two modulated kB, andXy, are generated and then transmitted by the fibtsacond
transmit antennas respectively, with an assumgtiah the guard time interval is more than the etgubtargest delay
spread of a multipath channel. The received sigvilbe the convolution of the channel impulse msge and the
transmitted signal. Assuming that the channelasicsturing the time span of an OFDM block, at theeiver side after

removing the cyclic prefix, the FFT output as tleenddulated received signal can be expressed as
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Yi [Hm Hy, < Hynp ] X1 74

Y. H H .. H X w.

:2 _ 21 22 ' 2,1\:/T :2 + :2 (9)
YNR lHNR,l HNR,Z HNR,NTJ XNT WNT

In the above equatio;, Ws...... Wyt] denotes AWGN andi, his the (single-input single-output) channel gain
between the freceive and fitransmit antenna pair. Th& nolumn ofH is often referred to as the spatial signature ef th
n" transmit antenna across the receive antenna aBgaknowing the channel information at the recejieliaximum
Likelihood (ML) detection can be used for decodihg received signals for two antenna transmissystes, which can
be written as

5[k] = Xir, Hiy [2K]Y;[2K] + H,,[2K]Y; [2k + 1]
§[2k + 1] = X7, Hi, [2k + 1]Y;[2k] — Hy1[2k + 1]Y;, [2k + 1] (10)
With an assumption that channel gain between tyacadt sub channels are approximately equal,
H;1[2k] = H;1[2k + 1] &
H;,[2k] = H;,[2k + 1] (11)
At the end, the elements of blogk] are demodulated to extract the information data.

CHANNEL ESTIMATION

The pilot channel estimation methods are basecherpiiot channel and pilot symbol. Channel estiorais a
technique in which pilot sequence and pilot symlawks inserted into some fixed positions of sigrsast by transmitter
[2]. The pilot symbol sent by the transmitter makesgctral efficiency and power utilization lowerthvthe trade-off of
quick response to the channel variation. For fufited channel estimation of OFDM system, suitaitidé pattern needs to
be considered, Pilot-based channel estimation igthgomvith low complexity should be identified antbper demodulation
method toward effective channel estimation hasealéveloped. The two basic channel estimationsABI® systems,

block-type pilot and comb-type pilot, are illustdtin Figure 3.
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Figure 3: Block and Comb Type Pilot

The block-type pilot channel estimation is perfodmgy inserting pilot tones into all subcarriers ©@FDM
symbols with a specific period in time and it i$eefive against the selective frequency fading, mote sensitive for the
impact of fast fading channel [3]. Therefore, thHeck-type pilot is developed under the assumptiérslow fading
channel. In this paper, the block-type pilot chdrestimation is investigated. The comb-type pilbaenel estimation is
performed by inserting pilot tones into certain cariers of each OFDM symbol, where the interpotatis needed to

estimate the conditions of data subcarriers.
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SISO OFDM CHANNEL ESTIMATION

For block-type pilot based channel estimation, we estimate the channel using LS (Least squareph&istr and
MMSE (Minimum mean square error) Estimator. In llogpe, we are inserting the pilot on each suberafter a specific

period. The impulse response of multipath chanaelle written as

h(t, 1) = TKZh 0k (0) 8(t — 1) (12)

Where t.the delay of R path is,d(t) is the amplitude of % path, and L is the number of sub-carriers,
respectively. Becausé,(t) is a stationary narrowband complex Gaussian pspdess independent of each other for

different paths. If there is no ISI, the signalewed is expressed as

Y=XFh+ W 3j1
Where Y is the vector of output signal after OFDMnbdulation asy = [Y,,Y;. .........., Yy_1]T, X is the
diagonal matrix of pilots aX = diag{Xy,X; ... .....,Xny_1}, N is the number of pilots in one OFDM symbbl,is the

impulse response of the pilots of one OFDM symbnd W is the channel noise (always assumed to b&NWAIso, F is

the Fourier transform matrix as shown below:

O(N-1
WNOO WN( )
F= : :
(N-1)0 (N-1)(N-1)
Wy e Wy
Wherew? = L ¢728() (14)
N VN

LS Estimator for SISO OFDM System
The purpose of LS algorithm is to minimize {ie— XFH)H(Y — XFh) & generates the channel estimator as
Hg = XY (15)
Wheref, is the impulse response of the chanHek Fh.

The advantage of LS algorithm is its simplicitychase of no consideration of noise and ICI[1]. ®ithout any
knowledge of the statistics of the channels, theekffmators are calculated with very low complexiiyt obviously, it

suffers from a high mean square error (MSE).
MMSE Estimator for SISO OFDM System

The MMSE estimator employs the second-order siegisf the channel conditions to minimize the M&Et us

denote the error of channel estimation e as
e=H-H

Where H is actual channel estimation aHdis raw channel estimation, respectively. Let usode the
auto-covariance matrices of H and Y, bysRand Ry respectively, and cross covariance matrix betwéamd Y by Ryy.

Let o%is the noise-variance, since the channel and AW@Nat correlated, we could get

RHY = E{HYH}

www.iaset.us anti@iaset.us



108 Divya Sharma, Shripad P. Mohani& Parag Joshi

Ryy = E{YYH}
RYY = XRHHXH + Gﬁ (16)

If Ryy ando% are known to the receiver, channel impulse respaas be calculated by MMSE estimator as

shown in equations 17 to 19.

Humse = RuyRyyY (17)
Humse = RupX? (XRupX" + ofIn) "' XHys (18)
Humse = Run(Ruy + ok XHX) ™) " Hys (19)

The performance of MMSE estimator is much bettemthS estimator, especially under the Ioﬁé;/NO.

And MMSE estimator could gain 10-15 dB more of parfance than LS. However, because of the requirettim
inversions, the computation is very complex when tlamber of subcarriers in OFDM system increasbas;Tit is seen

that an important drawback of the MMSE estimatdrigh computational complexity.

MIMO-OFDM CHANNEL ESTIMATION
LS Estimator for MIMO-OFDM System

The LS channel estimation for MIMO-OFDM System shadw figure 2, between th&" (n=1,..., N)

Transmitter antenna amd" (m=1,....., N) receiver antenna is given by:

AE™ = (x™)~1ym (20)
MMSE Estimator for MIMO-OFDM System

The MMSE channel estimator between tfleantenna anch™ antenna is given by

Aitirse = Rifn R + 0k (CO® (X™)H) =A™ (21)
SIMULATION AND RESULTS

The simulation process enables the analysis oemdifft channel estimator performance to find thencgt
channel estimator with low complexity. The systeargmeters for OFDM simulation are indicated in thlele given

below:

Table 1: Simulation Parameters

Parameters Specifications
IFFT/FFT size 64
No. of Subcarriers 64
Signal Constellation 16 QAM
Pilot ratio 1/8
Guard Length 8
Guard Type Cyclic Prefix
Pilot Block Type

The programs are executed in MATLAB simulator amel mmodel validations are done on the basis of aisabf

two parameters that are MSE and Bit Error Rate (BHRe MSE of an estimator is one of many ways dantify the
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difference between the theoretical values of aimesbr and the true value of the quantity beingnested. MSE measures

the average of the square of the error. The esrdhé amount by which the estimator differs frora tjuantity to be
estimated. We define the mean square error as

Mean square errer mean [{abs (H) — abs{)} *2]
Where,H is theoretical transfer function afblis the calculated transfer function for each eaton

BER is the number of bit changes made to the traaséom medium per second using a digitally modadaignal.
Figure 4 shows the Channel Capacity v/s SNR plovéoious number of receive and transmit antenflas.impact of the
antenna number on the channel capacity is examikeaxpected, the capacity bounds increase morwaibnias SNR
increases. Channel capacity increases by 2 bpsitta/ery 2 dB SNR increase for MIMO and it incresalbg 1 bps/Hz for
every 2 dB of SNR increase for SIMO,MISO or SISOf(gh SNR).

Capacity bits/s/Hz

SR in dB

Figure 4: Channel Capacity v/s SNR for SISO and MIMD OFDM System

The BER v/s SNR plot comparison for LS and MMSEirgator for SISO-OFDM is observed in Figure 5. At a
certain point around BER= 0.01, there is approx@tyal0 dB difference in SNR between LS and MMSEnestor.
We can see here that performance curves of theseystems are close to each other when SNR isbotgap gets larger
when SNR gets higher. Similarly, for the plot of EIS/s SNR for SISO-OFDM which is averaged over 1@EDM
blocks at every SNR value as shown in Figure 6aift be observed that there is performance impronefrim system to
system and also estimation algorithm wise. HoweWBVSE Estimator shows low values of MSE even foraBnSNR

values, whereas LS Estimator has higher valueseg#rvBquare Error.

Next, we have implemented MIMO-OFDM system and ur ecenario, we are using a 2x2 MIMO system.
Figure 7 shows us the comparison between LS and EIkESimator on the basis of BER v/s SNR plot foM@ OFDM
system. We can observe from the plots that for lemahlues of SNR (for 5 dB to 20 dB) for MMSE eséitor, the BER
values range from 10to 10°, whereas for LS estimator, the BER values rangeoaimately around 18 For higher
values of SNR, the BER values decrease graduatlypdth the estimators, but BER values for MMSE mator are
smaller compared to those for LS Estimator.
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PLOT OF SNR /5 BER FOR AN OFDM 5YSTEM WTH MMSE/LS ESTIMATOR BASED RECEIVERS

PLOT OF MSE /S BER FOR AN OFDM SYSTEM WITH MMSE/LS ESTIMATOR
i MMSE estimator i
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Bit Error Rate
mean squared Bfror
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Figure 5: BER v/s SNR for SISO OFDM System igure 6: MSE versus SNR for SISO OFDM System
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Figure 7: BER v/s SNR MIMO OFDM System Figure 8 MSE versus SNR for MIMO OFDM System

Figure 8 shows the MSE v/s SNR plot for 2x2 MIMOMM system. Here, the performance analysis for lio¢h
estimators LS and MMSE for SNR range from 0 dB @od# is shown. LS estimator MSE is from™lt 10° and for
MMSE estimator, the range of MSE is about’ 1@ can be seen that MMSE estimator offers theeloMISE compared to

LS estimator.
CONCLUSIONS

In this paper, block type pilot based channel esttimfor SISO-OFDM and MIMO-OFDM (2x2 systems) has
been observed. We investigated the LS (Least Spaack MMSE (Minimum mean square error) estimatorifoth the
systems and compare their performances. Basedréormpance analysis, the MMSE estimator is betteteims of both
Mean Square Error (MSE) and Bit Error Rate (BERIL, ib suffers from high computational complexityhdl estimators
discussed here can be used to efficiently estittechannel in SISO-OFDM and MIMO-OFDM systems egi\certain
knowledge about the channel statistics. The MMSinasor assumes a prickhowledge of noise variance and channel
covariance. We have discussed Space Time BlockngodSTBC) and maximum likelihood decoding in the
MIMO-OFDM systems to improve its performance by miizing the probability of error or maximizing tipeobability of
correct detection. Simulation results show thaéimploying diversity, we can improve the system qanance in terms of
BER and MSE, simultaneously increasing channel adgpalynamically. Finally, the comparison resuleflect that
MMSE is more immune to noise for channel estimatiom it has complexity issues. On the contrary,i€Simple to

implement but suffers from high MSE.
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