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Abstract: High spectral efficiency and the ability to combat multipath fading are the key requirements of future 

wireless communication systems. Multiple-input multiple-output (MIMO) combined with orthogonal frequency-

division multiplexing (OFDM) has been widely considered to be a promising candidate. Moreover Multi user 

MIMO OFDM can provide good spatial multiplexing with single antenna for each user. In the case of multicell 

multiuser MIMO OFDM system main challenge is to acquire the channel state information. In order to get the 

channel state information, channel estimation is to be done. Here pilot aided LS channel estimation is used to 

obtain the estimates. For multi cell multi user MIMO OFDM, channel estimation using pilot subcarriers causes 

pilot contamination. This is due to the reuse of pilot subcarriers in different cells. In order to reduce the impact 

of pilot contamination, pilot sequences must select properly. Here Zadoff Chu sequences are used for the design 

of pilots in different cells. 
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I. Introduction 

Requirements of the future wireless communication system are to provide a reliable communication 

along with high data rate transmission. As MIMO along with OFDM can provide   good data rate transmission 

and also it has the ability to attain good spectral efficiency, it is considered as good solution [1]. As multiuser 

MIMO has got more resistance to wireless propagation conditions and also minimal cost at the terminals than 

point to point MIMO, it is used in future wireless communication systems. Channel state information is 

necessary for obtaining good performance in any communication system, likewise in multicell scenario also [2]. 

Allocation of dedicated pilots for the users in each cell is difficult, due to the mobility of users and bandwidth 

limitation. Thus pilots are reused among users of different cells.  

The reuse of pilot causes pilot contamination (PC), which is caused by the assignment of   non- 

orthogonal pilots for users in different cells. With these non-orthogonal pilots, the channel estimate at the base 

station of one cell got contaminated by the pilots of the users in other cells [3]. Pilot contamination occurs only 

in multicell scenario and it is lost if the area of consideration is a single cell. The performance of the system is 

severely affected by the pilot contamination than that due to channel noise. By increasing the number of base 

station antennas will remove the effects of fast fading and uncorrelated interference but pilot contamination due 

to the use non orthogonal pilots in other cells won’t vanish. The perfect knowledge of channel state information 

at the base station is a necessity, as it can improve reliability and power efficiency can be improved [4]-[6].  

In (7), in order to reduce the effects of inter cell interference in MIMO OFDM pilot based on chu 

sequences are employed. These Chu sequence has a property that it has zero autocorrelation with its cyclic 

shifted ones. Here in this work, uplink transmission of multicell multiuser MIMO OFDM along with channel 

estimation, pilot contamination, multicarrier and multipath is considered. First, for estimating the channel 

known sequences are inserted into the information bits known as pilot sequences. These pilot sequences are 

inserted into the information bits of each users. In a multicell scenario with L cells and K users in each cell, 

number of orthogonal pilots required will be K × L. As it is not possible, non- orthogonal pilots are being used 

for users in different cells. Then LS channel estimation is done for obtaining the channel estimates at the base 

station. As pilots are reused the estimates obtained at the base station of one cell get contaminated by the users 

of the other cells. Thus pilot contamination occurs. Here in order to reduce the impact of pilot contamination in 

LS channel estimation Zadoff Chu sequences are used as pilot sequences for users in different cells avoiding the 

reuse of pilot sequences. This is possible because of the properties associated with the Zadoff Chu sequences. 

After using Zadoff Chu sequence as pilot sequence, LS channel estimation is done and the mean square error of 

the channel estimate is obtained. from the results obtained it is clear that the impact of pilot contamination is 

reduced. 
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II. System Model 

 
Fig.1 Multicell Multiuser MIMO Uplink Transmission 

 

Consider a multicell multiuser MIMO OFDM system with Q cells as shown in fig 1. In each cell there 

is a base station with M antennas and K users with single antenna terminals. Also with the number of antennas 

at the base station M greater than or equal to the number of single antenna terminal users K at each cell. N 

subcarrier OFDM is considered. The channel is modeled as a frequency selective channel with finite channel 

impulse response with L taps. We consider an uplink transmission in which q
th

 base station receives signal from 

the users of all cells.  

The received signal vector of size 𝑁 × 1 on all 𝑁subcarriers at the 𝑟𝑡ℎantenna at the 𝑗𝑡ℎ  BS can be expressed as; 

𝑌𝑗 = 𝑋𝐻𝑗 + 𝑍𝑗 (1) 

where𝑌𝑗 = [𝑌𝑗  0 , … , 𝑌𝑗  𝑁 − 1 ]𝑇 ,𝑋 = [𝑋1 , … , 𝑋𝑄],𝑋𝑞  is a diagonal matrix.it contains the transmit signal from 

the 𝑞𝑡ℎ  cell and 𝑍𝑗 =  𝑍𝑗  0 , … . 𝑍𝑗  𝑁 − 1  
𝑇
is a vector of independently and identically distributed (i.i.d.) 

complex zero-mean Gaussian noise variables with variance 𝜎2.𝐻𝑗 = [𝐻𝑗1
𝑇 , … . , 𝐻𝑗𝑄

𝑇]𝑇 ,𝐻𝑗𝑞 is the frequency 

response of the channel between the 𝑗𝑡ℎand𝑞𝑡ℎ  cells.𝐻𝑗𝑞 =  𝐻𝑗𝑞 1
𝑇 , … . . , 𝐻𝑗𝑞𝑘

𝑇 
𝑇
 

The received signal at the j
th

 BS can be rewritten as; 

𝑌𝑗 =   𝑋𝑞𝑘

𝐾

𝑘=1

𝑄

𝑞=1

𝐻𝑗𝑞𝑘 + 𝑍𝑗                                                                                 (2) 

Let  𝑋𝑞𝑘 = 𝑆𝑞𝑘 + 𝐵𝑞𝑘 where 𝑆𝑞𝑘 is an arbitrary 𝑁 × 𝑁data diagonal matrix, and 𝐵𝑞𝑘 is an𝑁 × 𝑁pilot 

diagonalmatrix. where 𝑇𝑞 = [𝑆𝑞1𝐹𝑁,𝐿 , . . , 𝑆𝑞𝐾𝐹𝑁,𝐿] ,𝐴𝑞 = [𝐵𝑞1𝐹𝑁,𝐿 , … , 𝐵𝑞𝐾𝐹𝑁,𝐿] 

LS ESTIMATION 

Here we are taking the assumption that all subcarrier has the same power and for different users in each cell, 

phase shifted orthogonal pilot sequences are used and these same pilot sequences are reused for users  in other 

cells; 

𝐴𝑗
ƚ𝐴𝑞 = 𝐼𝐿𝐾(𝐴ƚ = (𝐴𝐻𝐴)−1𝐴𝐻) and 𝐴𝑗

ƚ𝑇𝑞= 0𝐿𝐾(3) 

where   𝐴𝑞 = [𝐵𝑞1𝐹𝑁,𝐿 , … , 𝐵𝑞𝐾𝐹𝑁,𝐿] 

By multiplying 𝐴𝑗
ƚ   in both sides of Eq (3), channel vector between 𝑗𝑡ℎ  BS and K users in the 𝑗𝑡ℎ  cell is obtained 

as; 

Ĉ𝑗𝑗
𝐿𝑆

= 𝐴𝑗
ƚ𝑌𝑗 (4) 

The MSE of the LS channel estimates is obtained by taking the mean of the squared error between the 

estimated channel coefficients and the actual coefficients. As pilots are reused, pilot contamination occurs. 

Appropriate pilot design method or pilot allocation schemes can be used to reduce the impact of pilot 

contamination in LS channel estimation. 

 

III. Pilot Design Using Zadoff Chu Sequence To Reduce Pilot Contamination 
Zadoff Chu sequences can be used as pilot tones in multicell multiuser MIMO due to its correlation 

properties. If the pilot length is not less than the number of users K  in each cell, then the pilot tones for users in 

a cell will be orthogonal due to the cyclic shifts applied and these pilots are reused for users in others cells after 

applying  phase shifts. 
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First a Chu sequence of length Np is generated as z = [𝑧0,𝑧1 , .  . . 𝑧𝑁𝑝−1] .The n
th

 entry of the Chu 

sequence is represented by; 

𝑧𝑛 = exp
𝑖𝑁𝜋

𝑁𝑝
𝑛  𝑛 +  𝑁𝑝𝑚𝑜𝑑 2  , 𝑛 = 0,1, … . 𝑁𝑝 − 1                                             (5) 

Where 𝑁𝑝  represents the length of the sequence and N represents the unique sequence parameter. This N should 

be relatively prime with the length of the sequence. The circular autocorrelation of the sequence z is defined as; 

𝑟𝑗 =  𝑧𝑛
𝑁𝑝−1

𝑛=0 𝑧(𝑛+𝑗 )
∗𝑚𝑜𝑑𝑁𝑝 , 𝑗 = 0,1, … . 𝑁𝑝 − 1                 (6) 

For value of j = 0 only the autocorrelation value is 𝑁𝑝  and for all other values of j, autocorrelation values 𝑟𝑗 = 0. 

A new sequence z1 = [𝑧10 , 𝑧11, …… . 𝑧1𝑁𝑝−1] is formed with 𝑧𝑛  as; 

𝑧1𝑛 =  𝑧𝑛𝑒𝑥𝑝
𝑖 2𝜋𝑙𝑛

𝑁𝑝
, 𝑛 = 0,1, … . 𝑁𝑝 − 1                       (7) 

Thus from a root sequence, new sequences can be formed by applying different phase shifts for 

different cells. The new sequences along with its cyclic shifted versions can be used as pilot sequences for users 

in other cells.                       

Let the pilot vector for one user in a cell and the n
th 

  entry can be denoted as; 

 𝑃𝑙 𝑛 = 𝑧𝑛𝑒𝑥𝑝
𝑖2𝜋𝑙𝑞𝑛

𝑁𝑝
, 𝑛 = 1,2, … . . 𝑁𝑝 − 1(8) 

Where  𝑒𝑥𝑝
𝑖2𝜋𝑙𝑞𝑛

𝑁𝑝
  represents the phase shift. qlis an integer which is not divisible by 𝑁𝑝  and differs for each  

cell q, q=1,2,…Q. Then the designed pilots are cyclically shifted for users inside the cell. For different cells the 

value of 𝑙𝑞  is different and thus the phase shifts will be different. 

 

IV. Experimental Results 
In order to find the effect of pilot contamination in the MSE of the channel estimates, multicell 

multiuser MIMO is considered with M antennas at the base station. Here, number of cells Q is taken as 2 and 

each cell consists of two users with single antenna terminals. Also the base station at each cell consists of three 

antennas. OFDM symbol with N = 128 is considered and the cyclic prefix length is taken as 16. Length of pilot 

sequence is taken as 8 and the pilot type is comb. 

 

4.1 Mse Performance  

The MSE performance of LS channel estimation versus SNR is plotted for different values of channel 

length L is shown in fig. 2. Number of OFDM subcarriers N is taken as 128 and value of  L is taken as 4, 8 and 

16. The performance of LS channel estimates is improved when the channel length is increased.Orthogonal 

phase shifted pilot sequences are used for users in a cell and the same pilots are reused among the users of 

different cells. As pilot sequences are reused, pilot contamination occurs. The effect of pilot contamination got 

reduced by increasing the channel length.  

 

 
Fig. 2 MSE Versus SNR performance of LS channel estimation 

The MSE performance of LS channel estimates versus SNR is plotted after using Zadoff Chu sequence 

as pilot tones. As due to the properties of the Zadoff Chu sequence orthogonal pilot sequences are assigned to 

users in different also. Thus the impact of pilot contamination is reduced. It is evident that MSE performance get 

improved with the use of Chu sequence as pilot tones. A performance improvement of 6 dB is obtained. 
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Fig.3 MSE versus SNR plot of LS channel estimation with Chu 

 

V. Conclusion 

In this paper, channel estimation in multicell multiuser MIMO OFDM is studied. In multicell multiuser 

MIMO OFDM system, pilot contamination occurs due to the reuse of pilot in different cells. Therefore the 

impact of pilot contamination on the pilot based LS channel estimation algorithms is considered. From the 

experimental results it can be seen thatpilot contamination in LS channel estimation can be significantly reduced 

by changing the channel lengths. Here a channel estimation technique with a new design for pilot is proposed 

which can suppress pilot contamination in multicell multiuser MIMO OFDM scenario.  Chu sequence is used as 

pilot based on the property that it exhibit zero auto correlation with it cyclic shifted versions. Hence orthogonal 

pilots can be employed for users in different cells and thus pilot contamination can be significantly reduced. 
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