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Abstract— In a cellular network, the demand for high throughput and reliable transmission is increasing in large scale. One of 

the architectures proposed for 5G wireless communication to satisfy the demand is Massive MIMO system. The massive 

system is equipped with the large array of antennas at the Base Station (BS) serving multiple single antenna users 

simultaneously i.e., number of BS antennas are typically more compared to the number of users in a cell.  The advantages of 

massive MIMO can be achieved only if Channel State Information (CSI) is known at BS uplink and downlink operate on 

orthogonal channels - TDD and FDD modes. Depending on slow/fast channel fading conditions, several authors suggested 

adaptive LMS, RLS and NLMS based channel estimators, which either require statistical information of the channel or are not 

efficient enough in terms of performance or computations. In order to overcome the above effects, the work focuses on the QR-

RLS based channel estimation method for cell free Massive MIMO systems. 
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I. INTRODUCTION 

 

The demand for wireless throughput has grown 

exponentially in the past few years, with the increase in a 

number of wireless devices and number of new mobile 

users. The throughput is the product of Bandwidth (Hz) and 

Spectral efficiency (bits/s/Hz) [1]. To increase the 

throughput, either Bandwidth or Spectral efficiency has to be 

increased. Since increasing the Bandwidth is a costly factor, 

the spectral efficiency has to be taken into consideration. It 

can be increased by using multiple antennas at the 

transmitter and receiver. Multiple-Input Multiple Output 

(MIMO) antennas enhance both communication reliability 

as well as the capacity of communication (by transmitting 

different data in different antennas). Generally MIMO 

systems are divided into two categories: Point-to-Point 

MIMO and Multi User - MIMO (MU-MIMO) [2], [3]. In 

Point-to-Point MIMO, both the transmitter and receiver are 

equipped with multiple antennas. The performance gain can 

be achieved by using the techniques such as beamforming 

and spatial multiplexing of several data streams. On the 

other hand, in MU-MIMO, the wireless channel is spatially 

shared among the users. The users in the cell transmit and 

receive data without joint encoding and joint detection 

among them. The Base Station (BS) communicates 

simultaneously with all the users, by exploiting the 

difference in spatial signatures at the BS antenna array. 

MIMO systems are incorporated in several new generation 

wireless standards like LTE - Advanced, Wireless LAN etc. 

The main challenge in MU-MIMO system is the interference 

between the co-channel users. Hence, complex receiver 

technique has to be used, to reduce the co-channel 

interference. In [4], it is shown that by using an infinite 

number of antennas at the BS in comparison with the 

number of users in the cell, the random channel vectors 

between users and the BS become pair-wise orthogonal. By 

introducing more antennas at the BS, the effects of 

uncorrelated noise and intra cell interference disappear and 

small scale fading is averaged out. Hence, simple matched 

filter processing at BS is optimal.  

 

 
Figure 1: Multi-cell Massive MIMO System 

 

MU-MIMO system with hundreds of antenna at the BS 

which serves many single antenna user terminals 

simultaneously at same frequency and time is known as 

Massive MIMO system or large antenna array MU-MIMO



   International Journal of Computer Sciences and Engineering                                       Vol.7(7), Jul 2019, E-ISSN: 2347-2693 

  © 2019, IJCSE All Rights Reserved                                                                                                                                        272 

system [5],[6]. One of the architectures proposed for 5G 

wireless communication is the massive MIMO system in 

which BS is equipped with a large number of antennas and 

serves multiple single antenna user terminals as shown in 

Fig 1. 

 

Advantages of Massive MIMO System:-  

High energy efficiency: If the channel is estimated from the 

uplink pilots, then each user’s transmitted power can be 

reduced proportionally to 1/ √ M considering M is very 

large. If perfect Channel State Information (CSI) is available 

at the BS, then the transmitted power is reduced 

proportionally to 1/M [7]. In the downlink case, the BS can 

send signals only in the directions where the user terminals 

are located. By using the Massive MIMO, the radiated 

power can be reduced achieving high energy efficiency. 

 

 Simple signal processing: Using an excessive number 

of BS antennas compared to users lead to the pair-wise 

orthogonality of channel vectors. Hence, with simple 

linear processing techniques both the effects of inter 

user interference and noise can be eliminated. 

 Sharp digital beamforming: With an antenna array, 

generally analog beamforming is used for steering by 

adjusting the phases of RF signals. But in the case of 

Massive MIMO, beamforming is digital because of 

linear precoding. Digital beamforming is performed by 

tuning the phases and amplitudes of the transmitted 

signals in baseband. Without steering actual beams into 

the channels, signals add up in phase at the intended 

users and out of phase at other users. With the increase 

in a number of antennas, the signal strength at the 

intended users gets higher and provides low interference 

from other users. Digital beamforming in massive 

MIMO provides a more flexible and aggressive way of 

spatial multiplexing. Another advantage of digital 

beamforming is that it does not require array calibration 

since reciprocity is used. 

 Channel hardening: The channel entries become 

almost deterministic in case of Massive MIMO, thereby 

almost eliminating the effects of small scale fading. 

This will significantly reduce the channel estimation 

errors. 

 Reduction of Latency: Fading is the most important 

factor which impacts the latency. More fading will leads 

to more latency. Because of the presence of Channel 

hardening in Massive MIMO, the effects of fading will 

be almost eliminated and the latency will be reduced 

significantly. 

 Robustness: Robustness of wireless communications 

can be increased by using multiple antennas. Massive 

MIMO have excess degrees of freedom which can be 

used to cancel the signal from intentional jammers.  

 Array gain: Array gain results in a closed loop link 

budget enhancement proportional to the number of BS 

antennas.  

 Good Quality of Service (QoS): Massive MIMO gives 

the provision of uniformly good QoS to all terminals in 

a cell because of the interference suppression capability 

offered by the spatial resolution of the array. Typical 

baseline power control algorithms achieve max-min 

fairness among the terminals.  

 Autonomous operation of BS’s: The operation of BS’s 

is improved because there is no requirement of sharing 

Channel State Information (CSI) with other cells and no 

requirement of accurate time synchronization. 

 

Cell Free Massive MIMO 

It also has the capacity to overcome many of the 

disadvantages of massive MIMO. Cell free massive MIMO 

also tells us about many advantages such as [3] its huge 

throughputs, Its high coverage probability along with the 

micro-diversity gain, small scale fading or its capability to 

control the average uncorrelated noise cell free massive 

MIMO can only be deviated by large scale fading [4]. 

 

It is very clear that performance of cell free massive MIMO 

is better than small cell system. It provides almost 20 folds 

and 95% likely per users throughputs [5]. Distributed APs 

are connected with CPU by a high backhaul capacity link in 

cell free massive MIMO.  

 

While the problems arise due to limited backhaul link are 

considered in [5] and so also we have analyzed   the 

hindrances caused by zero forcing reading designing in 

paper [6]. 

 

                              
 Figure 2: Cell free massive MIMO system 

 

II. CHALLENGES 

 

Propagation Model: In most of the Massive MIMO related 

works, the assumption that made was: as the BS antennas 

grow the user channels are uncorrelated and the channel 
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vectors become pair-wise orthogonal. But in real time 

propagation environment, antenna correlation comes into the 

picture. If the antennas are highly correlated, then the 

channel vectors cannot become pair-wise orthogonal by 

increasing the number of antennas. This means that users 

location is an important factor in Massive MIMO systems. 

 

Modulation: For the construction of a BS with a large 

number of antennas, cheap power efficient RF amplifiers are 

needed.  

 

Channel Reciprocity: TDD operation depends on channel 

reciprocity. There seems to be a reasonable consensus that 

the propagation channel itself is basically reciprocal unless 

the propagation is suffering from materials with strange 

magnetic properties. Between the uplink and the downlink, 

there is a hardware chain in the base station and terminal 

transceivers may not be reciprocal. 

 

Channel Estimation: To perform detection at the receiver 

side, we need perfect CSI at the receiver side. Due to the 

mobility of users in MU case, channel matrix changes with 

time. In high mobility case, accurate and time acquisition of 

CSI is very difficult. FDD Massive MIMO induces training 

overhead and TDD Massive MIMO relies on channel 

reciprocity and training may occupy a large fraction of the 

coherence interval.  

 

Low-cost Hardware: Large number of RF chains, Analog-

to-Digital converters, Digital-to-Analog converters are 

needed.  

 

Coupling between antenna arrays: At the BS side, several 

antennas are packed in a small space. This causes mutual 

coupling in between the antenna arrays. Mutual coupling 

degrades the performance of Massive MIMO due to power 

loss and results in lower capacity and less number of degrees 

of freedom. When designing a Massive MIMO system, the 

effect of mutual coupling has to be taken into account [8], 

[9].  

 

Mobility: If the mobility of the terminal is very high, then 

the coherence interval between the channel becomes very 

less. Therefore, it accommodates very less number of pilots. 

• Pilot Contamination: Pilot contamination is a challenging 

problem for multicell massive MIMO is to be resolved. In 

multicell system, users from neighboring cells may use non-

orthogonal pilots that result in pilot contamination. This 

causes inter-cell interference problem which further grows 

with the increase in a number of BS antennas.  

 

III. CHANNEL ESTIMATION 

 

In order to achieve the benefits of a large antenna array, 

accurate and timely acquisition of Channel State Information 

(CSI) is needed at the BS. The need for CSI is to process the 

received signal at BS as well as to design a precoder for 

optimal selection of a group of users who are served on the 

same time-frequency resources. The acquisition of CSI at the 

BS can be done either through feedback or channel 

reciprocity schemes based on Time Division Duplex (TDD) 

or Frequency Division Duplex (FDD) system. The procedure 

for acquiring CSI and data transmission for both systems is 

explained in the subsequent sections. 

 

Channel Estimation and Data Transmission in TDD 

System 

In TDD system, the signals are transmitted in the same 

frequency band for both uplink and downlink transmissions 

but at different time slots. Hence, uplink and downlink 

channels are reciprocal. During uplink transmission, all the 

users in the cell synchronously send the pilot signal to the 

BS. The antenna array receives the modified pilot signal by 

the propagation channel. Based on the received pilot signal, 

BS estimate the CSI and further, this information is used to 

separate the signal and detect the signal transmitted by the 

users as shown in Fig 3. In downlink transmission, due to 

channel reciprocity, BS uses the estimated CSI to generate 

precoding/beamforming vector. The data for each user is 

beam formed by the precoded vector at the BS and 

transmitted to the user through propagation channel as 

shown in Fig 4. 

 

 
Figure 3: Uplink transmission in a TDD Massive MIMO 

system 
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Figure 4: Downlink transmission in a TDD Massive 

MIMO system 

 

Channel Estimation and Data Transmission in FDD 

System 

In FDD system, the signals are transmitted at different 

frequency band for uplink and downlink transmission. 

Therefore, CSI for the uplink and downlink channels are not 

reciprocal. Hence, to generate precoding/beamforming 

vector for each user, BS transmits a pilot signal to all users 

in the cell and then all users feedback estimated CSI of the 

downlink channels to the BS as shown in Fig. 5. During 

uplink transmission, BS needs CSI to decode the signal 

transmitted by the users. To detect the signal transmitted by 

the user, CSI is acquired by sending pilot signal in the uplink 

transmission. 

 

 
Figure 5: Downlink transmission in an FDD Massive 

MIMO system 

 

IV. PROPOSED METHODOLOGY 

 

The MIMO-OFDM device modified into applied with the 

useful resource of MATLAB/SIMULINK. The execution 

device is binary facts this is modulated the use of QAM and 

mapped into the constellation elements.  

 

 
Figure 6: Massive MIMO System Models with Channel 

Estimation Technique 

 

The virtual modulation scheme will transmit the records in 

parallel by means of manner of assigning symbols to every 

sub channel and the modulation scheme will determine the 

phase mapping of sub-channels thru a complex I-Q mapping 

vector show in figure 5. The complicated parallel facts 

stream must be converted into an analogue signal this is 

suitable to the transmission channel.  

 

The complicated parallel facts stream has to be transformed 

into an analogue sign that is suitable to the transmission 

channel. It is performed to the cyclic prefix add to the 

baseband modulation signal because the baseband signal is 

not overlap. After than the signal is splitter the two or more 

part according to the requirement.  

 

V. CONCLUSION 

 

This paper has dealt with channel estimation for single cell 

Massive MIMO system with no interference from other 

cells. However, it is necessary to estimate the channel of a 

single cell, when the signal from other cells interferes with 

the signal of the desired cell. Consider the case, where BS 

estimates not only the channel parameters of desired links in 

a given cell but also, those of the interference links from 

adjacent cells. In multi-cell case, it is necessary to study the 

interference links, in order to have interference coordination. 
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In such scenarios, BS has to collect information regarding 

CSI of both the desired links within the cell and interference 

links from its neighboring cells. Under undesirable finite 

scattering scenario, the combined channel matrix can be 

modeled as low-rank matrix. Therefore, the analysis 

presented in this work can be extended to a multi-cell 

scenario. 
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