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Abstract

This  paper investigates the uplink
transmission in multicell multiuser a couple
of-enter multiple-output (MIMO) orthogonal

frequency-depart  multiplexing (OFDM)
systems. The system version considers
imperfect  channel estimation, pilot

contamination (PC), and multicarrier and
multipath channels. Analytical expressions
are first offered on the Minimum square
errors (MSE) of classical channel estimation
algorithms [i.e., least squares (LS) and
minimum mean square error (MMSE)] inside
the presence of PC. Then, a discrete Wavelet
Transformation (DWT) channel estimation
method is proposed to have excellent
suppression to PC. This technique exploits the
space-alternating generalized expectation—
maximization (SAGE) iterative method to
decompose the multicell multiuser MIMO
(MU-MIMO) hassle into a sequence of single-
mobile single-consumer single-input single-
output (SISO) issues, which reduces the
complexity notably. According to the analytic
results given herein, growing the quantity of
pilot subcarriers cannot mitigate PC, and a
clue for suppressing PC is acquired. It is
proven from the results that the DWT has
higher suppression functionality to PC than
classical estimation algorithms. Its overall
performance is close to that of the optimal
MMSE as the duration of channel impulse
reaction (CIR) is expanded. By using the
SAGE manner, the overall performance of the
DWT does no longer degrade while the
number of antennas is massive at the bottom
station (BS).

Index Terms: PC, MIMO, OFDM, LS,
MMSE, DWT, SAGE

I. INTRODUCTION

Future wireless communications require the
extraordinary capability to combat multipath
fading and to offer high spectral performance.
MIMO combined with orthogonal frequency-
department multiplexing (OFDM) has been
widely taken into consideration to be a promising
one [2], [3]. Unlike the factor-to-point MIMO, a
multiuser MIMO (MU-MIMO) machine that has
low cost in terminals and better tolerance to
wireless propagation environment has been
considered for destiny wireless communications
[4]. In a multicell situation, it's widely
recognized that correct channel State
information (CSI) is essential for attaining
excessive gadget overall performance. Since the
mobility of users and the limited bandwidth, it is
not feasible to allocate dedicated pilots for the
users in every mobile, and consequently, the
reuse of pilots is mandatory for users in one-of-
a-kind cells [1].

PC is indulging a danger performance on
the system when compared with system noise.
The occurrences of quick fading and
uncorrelated interference will disappear when
the MIMO system is employed with huge
number of antennas at BS [6]-[14]. However, PC
due to the reuse of non-orthogonal pilots in other
cells does not vanish. In this sort of multicell
MU-MIMO system, with best CSI on the BS, the
ability blessings in throughput, reliability, and
power performance might be received [5]. These
advantages are analyzed specifically based
totally on single-provider and flat-fading device
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version; however, an extra practical performance
evaluation that considers multicarrier and
frequency-selective fading channels for future
cellular cell structures is crucial [15]-[19]. Since
the BS can't have best CSI in exercise, it is vital
to take into account the effect of PC on channel
estimation based totally on a multicarrier
multipath machine model.

A. Related Work and the Contribution of This
Paper

There are few researches specially targeted on
channel estimation algorithms within the
presence of PC in multicell MU-MIMO
structures, although single-provider and flat-
fading transmission state of affairs has been
taken into consideration. In [7], a blind channel
estimation algorithm primarily based on eigen
value  decomposition became  proposed;
however, it calls for an extended-records
document and employs the prior information of
stochastic facts and excessive computational
complexity. A coordinated channel estimation
approach with correlated pilot sequences turned
into developed to tackle the problem of PC [8];
but, the complexity due to making use of 2nd-
order statistical information is excessive. The
asymptotic evaluation on the effect of channel
getting older on both the up hyperlink and the
down hyperlink practicable rates become
provided, and a finite-impulse-response Wiener
predictor became proposed to overcome channel
getting old effects [9].

For Multipath cases, pilot based channel
estimation in MIMO OFDM systems for
multipath cases are aggressively studied for the
past years on only single-mobile single-
consumer cases [20]-[22].

Il. SYSTEM MODEL

We take into account a multicell MU-MIMO
device with Q cells, as proven. Each cell consists
of one BS with M antennas and K single-antenna
terminals. OFDM transmission with N
subcarriers is taken into consideration. The
frequency-selective fading channel is modeled as
a finite-length CIR with L taps. We count on that
the uplink transmission from all customers inside
the Q cells are synchronized, which constitutes a
worst-case state of affairs from the perspective of
PC. Furthermore, the alerts acquired for each
antenna on the BS are assumed to enjoy
independent fading.

?E—i‘ ‘%

Base Station User

Jeth cell

Fig 1: Uplink Transmission in Multicell MU
MIMO Systems

The received Nx/ signal vector n all N
subcarriers at rth antenna of the jth base station
can be expressed as

Y; =XH; + Z; (1)
Where Y, = [%(0), . ,(N=D]', ¥ =
[Xl, ...,XQ] where X, is the diagonal matrix
containing the transmit signal from gth cell and
Zj = [Zj(O), v Zj(N — 1)]T is a vector of
independent identically distributed complex
zero-mean guassian noise variables with
iance o”. H; = [H}, .., Hl] . Hy is th
variance . 0y = |y, ..., Hjo| , Hjg 18 the
frequency response of the channel between jth
and gth cells. Hyy = [H]yy, ...,H]qu]T , Higre =
Fy 1.Cigk » Fy,Lis 1/~+/N times the first L columns
of Discrete Wavelet Transform (DWT) matrix,
Ciqr 1s the L X [ propagation coefficients

between jth base station and kth user in the gth

cell and denoted as:
1

quk = Dquijqk (2)

The received vector at jth BS can be rewritten as:

Y=o 1 Tkar Xk Ho + Z; 3)
Where Xgx = Sqk + By, Sqk 1s an arbitrary
N X N signal diagonal matrix and B gy is an N X
N pilot diagonal matrix.

1. IMPACT OF PILOT
CONTAMINATION ON LS AND MMSE
ALGORITHMS IN MULTICELL MU-
MIMO OFDM SYSTEMS
This section deals with the MSE and inquires the
effectiveness of Pilot Contamination (PC) on
LSE and MMSE channel estimation algorithms
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in Multi-cell Multiuser DWT based MIMO-
OFDM system:s.

a. LS Channel Estimation

The following assumptions are made: 1) Each
subcarrier has the same electricity; 2) for
distinctive users in each mobile, section-shift
orthogonal pilot sequences are used and 3) Equal
pilot sequences are reused in other cells. Hence

setting, A}LA” = [;xand A}LTq =0x;1<j,q <
Q. The channel vector between jth Base station
and & users in jth cell is given as:
LS _ gt
Gi = 4;Y) )

The MSE expression of LS algorithm for
Multicell MU-MIMO OFDM system is given as,

dig +2

1
MSEys = 1 %0, djg + =

L &azj o’ )

The above expression is composed of two terms:
the first indicating the PC and the second term
introduced by noise. For a single cell, the PC
term becomes zero, and the noise term can be
diminished by taking more pilot subcarriers. The
improvement in the first term can be achieved by
considering a large CIR length L. The expression
also indicates the approximate pilot reuse that
can be developed to reduce the cross gain impact.

b. MMSE Channel Estimation

By employing the channel traits, MMSE
generally obtains premier estimation
performance. Due to the  excessive

computational complexity in MMSE for MIMO
systems, we just keep in mind a simplified
version with the aid of using an expectation
maximization iterative system proposed. The
channel frequency vector among the jth BS and
the kth user in the jth cellular is given as follows:

H -\~
B = () ”)

(6)
where R is a correlation Matrix. Assuming

normalized constellation power, equal probable
constellation points and independent data

symbols, (X/.X; jk)_l can be replaced by
E {(Xf}kajk)_l} = B1, where =1 for QPSK.

HjjeSF = UA, UM (7)

Where U is unitary matrix and Ay is defined as
diagonal matrix with entries given as

A—”B in=12,..p

M+ SNR
O;n=p+1,..N

O6p =

®)

Hence MSE of MMSE algorithm for Multicell
MU-MIMO-OFDM system in presence of PC is
given as:

Q p 2 p
1 ,, 0
MSEMMSE = sz /’{n 677. +Wz /177.
q#jn=1

n=1

+% (Z(&l - 1%, + ZN: /1,1)

o

The terms in (9) are much smaller compared to
that of LS. With large number of subcarriers the
first term decreases. But the usages of large
number of subcarriers are restricted by OFDM
since the system becomes highly sensitive to the
non-orthogonal pilots. Hence, similar to that of
MSE of LS, the huge number of subcarriers
cannot diminish the MSE caused by Pilot
Contamination (PC).

Iv. DESIGN AND ANALYSIS OF
SAGE BASED H-INF ALGORITHM IN
MULTICELL MU DWT BASED MIMO

SYSTEMS
Earlier, we have proven that the MMSE
algorithm can achieve most appropriate

performance by means of using previous facts
and higher suppression to PC. Although the use
of SVD of channel correlation matrix is able to
reduce the variety of multiplications with

negligible overall performance loss, its
complexity continues to be pretty high
considering obtaining the SVD itself has

excessive computational complexity on the order
of O(N’). Here, we introduce the DWT
algorithm, to multicell Multiuser DWT based
MIMO OFDM structures.

A. H-infinity Channel Estimation

As an alternative to the classical MMSE
estimation, a H-infinity channel estimator can
obtain an acceptable estimation overall
performance without correct know-how of the
statistical information of the concerned signals.
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The concept of the H-Infinity filtering is to
construct a clear out that ensures the norm of the
estimation lenders is less than a prescribed
effective value. As for multicell MU-MIMO
systems, the idea of the H-inf is to find an
estimation method so that the ratio among the
entire channel estimation errors (between the jth
BS and K users in every cell) and the input
noise/interference is much less than a prescribed
threshold. Given a super scalar element s, the
estimator for every obtained OFDM image
wishes to satisfy the following objective feature
[22], [23].

(10)
Where the denominator is a LOK X [ vector
describing the channel response to be evaluated
and w is a weighing vector. The H-infinity
channel estimator in Multicell MU DWT based
MIMO OFDM system is defined as:

Where g] = G)T,l + Ej@r,z and T]] = @r’3 +
§;0,4 are both LOK x LOK matrices. ||fj||Oo <

lisa LOK X I vectorand ©,, 1 <t < 4 canbe
written as

®T,1 — QR;/Z + R;I/Z’ ®r,2 — sl/ZQQl/Z

Op3 = QR%/Z, Ory = S_l/ZQQl/Z _ 51/20—1/2

(12)

Where Ry =TT, , Q=AAY?2 —A and A=
(R —s™1Q)™! and A can be obtained by
canonical factorization of Iy, + A.

B. SAGE based H-Infinity Channel Estimation

A straight way to (11) will result from severe
calculation of the matrix inversion and
multiplication operations for every OFDM
image of all users in Q cells over L paths, and the
complexity is at the order of O (L3 Q3 K3). In the
case of large values of L, K and O,
computational complexity load will be high [21].
In multicell MU-MIMO systems, propagation
vectors among the BS antenna arrays and special
terminals often could be taken into consideration
uncorrelated. Since the SAGE can decompose

the spatially multiplexed channels, we will apply
this iterative set of rules to cope with the problem
of high complexity. Generally, the SAGE
process is advanced to keep away from matrix
inversion of the ML estimator.

Instead of estimating all parameters at
once, SAGE updates only a subset of unknown
parameters at each iteration process, which
improves the convergence rate significantly [24].
The SAGE-based H-infinity estimator can be
efficiently implemented as follows:

e Initializing for ¢=1,2,...,0 and
~=1,2,....K.
(0) _ -1 A(0)
Yiok = Tar€jakNjqicCiqi
(13)

e At the ith iteration for A~=1 +[i mod K] ,

@) _ o)
Mgk = Yigie +

A(+1) _ ot 1570
Cigk ™ = TaiMjar€jqrljgr

(0 - A(i+1
70 = TaxgranjaiCron

jqk jqk
(14)
forl<k'<Kand k' #k
5@i+1) _ o)
quk - quk (15)

The MSE expression for the H-inf
algorithm in the presence of Pilot Contamination
for DWT based MU-MIMO-OFDM systems is
given as:

Q
1 1 1
MSEgucr = zr,fnz djg + Zrnznf72 + Z(l — Tun)?
q#*j

(16)

V. SIMULATION RESULTS
We considered a multicell MU-MIMO device
with M antennas at every BS to investigate the
impact of PC on the MSE of channel estimation
algorithms. It is assumed that Q = 3 cells, and K
= 10 customers in each cell. The section-shifted
orthogonal pilot sequences used within the first
mobile is reused within the 2nd and 3rd cells.
Thus, we keep in mind a state of affairs where
pilot sequences are reused. Furthermore, for all
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K, djqx = 1 (direct gain) if j = q, and djq, = a
(pass advantage) if j not equal to q. Since the
cellular layout and shadowing are captured by
using the constant d;qy, PC is treated by means
of adjusting the cross profits. For OFDM
symbols with N subcarriers, the duration of CP
is sixteen, and QPSK is used. For the wide
variety of iterations in SAGE system, we select
K;; = three. Here, the consultant performances
for classical LS and MMSE algorithms in
multicell MU-MIMO OFDM systems for
discrete wavelet are shown.

The MSE overall performance of LS and
MMSE algorithms versus the SNR for specific
values of L at M = 50, a = 0.5, and N = 64 is
observed and shown in Fig 2 and 3.

S == S DWT L=4 [
= | S-DWT =8
—+—S-DWT L=1B

SNR(dE)

Fig 2: MSSE versus SNR for different L values

S MMSE-DWT L=4
“ MMSE-DWT =8
| = MMSE-DWT L=18

SNR(E)

Fig 3: MSE versus SNR for different L values
of MMSE algorithm

It is proven within discern that MMSE is more
resistant to PC than LS. The variation in the cross
gain for different L values are depicted in Fig 4.
Three for exceptional values of N in the case of
a = 0.6 as a characteristic of SNR. It is proven
within discern that the performance of the LS is
impartial of the variety of subcarriers, whereas
the MSE of MMSE may be progressed via
growing the wide variety of subcarriers. Since

the variety of subcarriers is larger, the subcarrier
spacing becomes smaller; the structures with a
large quantity of subcarriers are greater touchy to
PC.

MSE

—a— LS-DWT =4
L2-DWT L=6
e LS-DWT =16
| ——MMSE-DWT L=t []
) i MMSE-DWT =6 1
| —— MMSE-DWT L=16 []
: :

o 2 | : ‘
04 05 0g o7 o0& 0.8 1

Cross gain

Fig 4: MSE versus Cross gain variations for
different L values of LS and MMSE for
SNR=5dB

The MSE overall performance of LS and
MMSE algorithms for FFT and DWT Based
Multicell Multiuser MIMO-OFDM  systems is
shown in Fig 5 and 6. This clearly shows that the
both the methods outperformed in case of DWT
based systems over its counterpart FFT based
one.

10 e

3
107 F —e—LS-FFT L=4
LS-FFT L=8
® LS-FFT L=16
——LS-DWT L=4
# LS-D'WT L=8
—+—LS-DWT L=16
I

o L R T IR IR

4 1 L i
-10 5 f] 5 10 5
SNR(E)

Fig 5: MSE versus SNR for LS-FFT and LS-
DWT for different L values

—— MMSE-FFT =4 |
4| —+—MMBE-FFTI=8 [
= MMSEFFTL=16 |
—+— MMSE-DWT L=4 |
— MMIE-DWT =8 |

—+— MMSE-DWT =16 |
1

10* 1 i i
-10 -5 a ) 10 15
SNR(B)

Fig 6: MSE versus SNR for MMSE-FFT and
MMSE-DWT for different L values
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Fig 7: MSE versus Number of base stations
between conventional H-inf and SAGE based-
proposed method

Figure 7 shows that as the number of base
stations increases MSE of both H-infinity and
SAGE based H-infinity methods converge.

;| —*— SAGE-DWT L=4
- BAGE-DWT =8
—+— SAGE-DWT L=16

i
SHR(E)

Fig 8: MSE versus SNR for Sage based- DWT
for different L values

R A G AL L i T
............................ J| —*—SAGEFFT =4 ]
+— SAGE-FFT L=8

| e SAGE-FFTL=16
—+— SAGE-DWT L=4

) e SAGE-DWT L=8 fi
I —— SAGE-DWT L=16 [

Fig 9: MSE versus SNR for SAGE-based FFT
and DWT for different L values

Figure 8 and 9 depicts the performance of
SAGE-based H-infinity method for DWT based
Multicell MU-MIMO-OFDM systems and its

comparison with FFT  based systems
respectively. Here the DWT based channel
estimation is far superior in Mean square error
reduction than the FFT based one.

V1. CONCLUSION

In this paper, we've got analytically investigated
the effect of PC at the numerous pilot-based
channel estimation algorithms, It may be visible
that the effect of PC may be big if dj; (move
benefit) between cells are of the equal order in
terms of dj; (direct benefit) in the equal cellular.
The proposed SAGE based DWT method
outperformed and led to a better suppression to
PC than LS and MMSE algorithms. The
simulation results are compared with the existing
FFT based Multicell multiuser MIMO OFDM
systems and depicts that the DWT based one has
a greater performance.

REFERENCES
[1] Peng Xu, J. Wang, Jinkuan Wang and F. Qi,
“Analysis and Design of Channel

Estimation in Multicell Multiuser MIMO
OFDM Systems,” IEEE Trans. Vehicular
Tech., vol. 64, no. 2, pp. 610-620, Feb.
2015.

[2] D. Gesbert, M. Shafi, D. Shiu, and P. J.
Smith, “From theory to practice: An
overview of MIMO space-time coded
wireless systems,” [EEE J. Sel. Areas
Commun., vol. 21, no. 3, pp. 281-302, Apr.
2003.

[3] A.J. Paulraj, D. A. Gore, R. U. Nabar, and
H. Bolcskei, “An overview of MIMO
communications-a key to gigabit wireless,”
Proc. IEEE, vol. 92,no. 2, pp. 198-218, Feb.
2004.

[4] D. Gesbert, M. Kountouris, R. W. Heath, Jr.,
C. B. Chae, and T. Silzer,“From single user
to multiuser communications: Shifting the
MIMO paradigm,” IEEE Signal Process.
Mag., vol. 24, no. 5, pp. 36-46,0ct. 2007.

[5] T. L.Marzetta, “Noncooperative cellular
wireless with unlimited numbersof base
station antennas,” [EEE Trans. Wireless
Commun., vol. 9, no. 11,pp. 3590-3600,
Nov. 2010.

[6] J. Jose, A. Ashikhmin, T. L. Marzetta, and
S. Vishwanath, “Pilot contamination and
precoding in multi-cell TDD systems,”
IEEFE Trans. Wireless Commun., vol. 10, no.
8, pp. 2640-2651, Aug. 2011.

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-4, ISSUE-9, 2017



INTERNATIONAL JOURNAL OF CURRENT ENGINEERING AND SCIENTIFIC RESEARCH (1JCESR)

[7] H. Q. Ngo and E. G. Larsson, “EVD-based
channel estimation in multicell multiuser
MIMO systems with very large antenna
array,” in Proc. ICASSP, Kyoto, Japan, Mar.
2012, pp. 3249-3252.

H. Yin, D. Gesbert, M. Filippou, and Y. Liu,
“A coordinated approach to channel
estimation in large-scale multiple-antenna
systems,” IEEE J. Sel. Areas Commun., vol.
31, no. 2, pp. 264-273, Feb. 2013.

K. T. Truong and R. W. Heath, Jr., “Effects
of channel aging in massive MIMO
systems,” J. Commun. Netw., vol. 15, no. 4,
pp. 338-351, Aug. 2013.

F. Rusek et al, “Scaling up MIMO:
Opportunities and challenges with very
large arrays,” IEEE Signal Proces. Mag.,
vol. 30, no. 1, pp. 40-60, Jan. 2013.

H. Q. Ngo, E. G. Larsson, and T. L.
Marzetta, “Energy and spectral efficiency of
very large multiuser MIMO systems,” /EEE
Trans. Commun., vol. 61, no. 4, pp. 1436—
1449, Apr. 2013.

H. Ngo, T. L. Marzetta, and E. G.
Larsson,  “Analysis of the pilot
contamination effect in very large multicell
multiuser MIMO systems for physical
channel models,” in Proc. ICASSP, Prague,
Czech Republic, May 2011, pp. 3464-3467.

A. Pitarokoilis, S. K. Mohammed, and E.
G. Larsson, “On the optimality of single-
carrier transmission in large-scale antenna
systems,” IEEE Wireless Commun. Lett.,
vol. 1, no. 4, pp. 276279, Aug. 2012.

S. K. Mohammed and E. G. Larsson,
“Per-antenna constant envelope precoding
for large multi-user MIMO systems,” IEEE
Trans. Commun., vol. 61, no. 3, pp. 1059—
1071, Mar. 2013.

H. Zhu and J. Wang, “Chunk-based
resource allocation in OFDMA systems-Part
I: Chunk allocation,” I[EEE Trans.
Commun., vol. 57, no. 9, pp. 2734-2744,
Sep. 2009.

H. Zhu and J. Wang, “Chunk-based
resource allocation in OFDMA systems-Part
II: Joint chunk, power and bit allocation,”
IEEE Trans.Commun., vol. 60, no. 2, pp.
499-509, Feb. 2012.

H. Zhu, “Performance comparison
between microcellular and distributed
antenna systems,” [EEE J. Sel. Areas
Commun., vol. 29, no. 6, pp. 1151-1163,
Jun. 2011.

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18] J. Wang, H. Zhu, and N. Gomes,
“Distributed antenna systems for mobile
communications in high speed trains,” /[EEE

J. Sel. Areas Commun., vol. 30, no. 4, pp.

675683, May 2012.

H. Zhu, “Radio resource allocation for
OFDMA  systems in  high  speed
environments,” [EEE J.  Sel. Areas
Commun., vol. 30, no. 4, pp. 748-759, May
2012.

I. Barhumi, G. Leus, and M. Moonen,
“Optimal training design for MIMO OFDM
systems in mobile wireless channels,” IEEE
Trans. Signal Process., vol. 51, no. 6, pp.
1615-1624, Jun. 2003.

Y. Xie and C. N. Georghiades, “Two
EM-type channel estimation algorithms for
OFDM with transmitter diversity,” [EEE
Trans. Commun., vol. 51, no. 1, pp. 106—
115, Jan. 2003.

[22]J. Gao and H. Liu, “Low-complexity MAP
channel estimation for mobile MIMO-
OFDM systems,” [EEE Trans. Wireless
Commun., vol. 7, no. 3, pp. 774-780, Mar.
2008.

[23]P. Xu, J. K. Wang, F. Qi, and X. Song,
“Space alternating generalised expectation
C maximisation based H-infinity channel
estimator for multiple-input multiple-output
OFDM systems,” IET Commun., vol. 5, no.
14, pp. 2068-2074, Sep. 2011.

[24]P. Xu, J. K. Wang, and F. Qi, “EM based H-
infinity channel estimation in MIMO
OFDM systems,” in Proc. ICASSP, Kyoto,
Japan, pp. 3189-3192, Mar. 2012.

[19]

[20]

[21]

ISSN (PRINT): 2393-8374, (ONLINE): 2394-0697, VOLUME-4, ISSUE-9, 2017

37



