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Abstract: For cell-free massive multi-input multi-output (CF-m-MIMO) across frequency-selective fading channels, this system
introduces and determines the effectiveness of the orthogonal frequency-division multiplexing (OFDM)-based multi-carrier
transmission. The CF-m-MIMO-OFDM system can accommodate a substantial user base and is flexible enough to offer a range
of data rates for usage in a variety of contexts. With its scalability and flexibility, the CF-m-MIMO-OFDM transmission network
can serve a large number of users at variable data rates. It is proposed to beamform in the frequency-domain conjugate, to
choose a pilot, and to allocate resources differently for each user. User-specific resource allocation, pilot selection, and
frequency-domain conjugate beamforming are all suggested. The CF-m-MIMO-OFDM system can support a large number of
users and can offer varying data rates to accommodate a wide range of applications.

Keywords: Cell-free Massive MIMO, Frequency- Selective Fading channel, OFDM.

L. INTRODUCTION
Recently, researchers and industry have shown an interest in Cell-free Massive MIMO (CF-m-MIMO). Resource distribution [2],
management of power [3], pilot assignment [4], efficiency of energy [5], backhaul limitations [6], and sustainability [7] are some of
the various CF-m-MIMO issues that are addressed. The majority of modern wireless communications are broadband because of
frequency selectivity, which means that the bandwidth of the signal is substantially bigger than the coherent frequency. The
discussion in the present research is exclusive to CF-m-MIMO across frequency-selective fading channel. However, because it
relied on absurdly complex signal equalisation, it was unable to accommodate high data speeds via single carrier transmission.

Traditional CF-m-MIMO systems also make an effort to offer dependable service by limiting the power allotted to each user,
despite the fact that different users have different bandwidth requirements. Uplink uses a time-frequency grid for contamination-free
pilot assignment and channel estimation while downlink uses frequency-domain conjugate beamforming to deliver data. In order to
scale to a high number of users [3] and provide various data rates, the approach of user-specific resource allocation is offered. Take
into consideration APs with one or more antennas when evaluating the capacity of the network as a whole and that of each
individual user.

Massive MIMO represents a potential 5G wireless access solution that provides connectivity for many devices at the identical time-

frequency energy from a single base station with multiple antennas to maximise throughput, reliability, and efficiency while
allocating the least amount of signal processing resources [2], energy power control [3].
According to [1], wireless Cell-Free (CF) Massive MIMO network employs a variety for scattered AP’s (access points) to provide
service to just a handful of clients all at once using the identical time / frequency resources. A single antenna limits both users and
APs. The APs identify the uplink pilot signals from the users using time-division duplexing to determine the channel condition.
Performance-wise, Cell-Free Massive MIMO significantly surpasses a conventional minute-cell network where each client gets
support with a different AP. The 95%-likely bandwidth per user and the spatial correlation resistance to shadow fading are also
illustrations of this [1].
Weighted visual framework as a means of assigning pilots in an effective manner is proposed [2]. First, a unique measure is
developed to capture the degree of probable mutual pilot contamination in a topology without cells. The network's dynamic
interference connection is then represented by the weighted pilot pollution graph, which is built from this data. Finally, a probing
technique is used to accomplish pilot cleanse after mapping the pilot allocation optimisation to the Max k-Cut issue. The suggested
technique has been shown to perform better than competing approaches in numerical simulations, and is capable of a substantial
throughput gain with a little increase in complexity.
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[3] proposes a beamforming method based on the zero-forcing strategy that eliminates the necessity for channel estimation at mobile
stations (MS), extending the cell-free (CF) strategy to the case in which both the APs and the MSs have multiple antennas. Contrary
to the first suggested formulation, the user-centric (UC) method of cell-free (CF) massive MIMO gives individual mobile stations
(MSs") needs the highest priority by using a limited number of access points (APs). The concept of sequential lower bound
maximisation is used in this study to propose and examine both uplink and downlink power allocation approaches that maximise
sum rate or minimise rate.

1. RELATED WORKS

A. Massive MIMO Systems

A distinguishing feature of Un-cellular Massive MIMO was their operational mode, which employs computationally straightforward
(conjugate beamforming) signal processing to distribute an enormous amount in single-antenna access points across a considerably
lower amount of individuals at once. Thus, it makes simpler to take advantage of events like strengthening of channels as favourable
growth, that have vital elements for cellular Massive MIMO energy efficiency. As a result, it is possible to apply simple schemes for
pilot assignment with computationally efficient, worldwide optimal power control computations, as will be demonstrated by the
future study. In conclusion, Un-cellular Massive MIMO in a practical as well as scaleable application in network MIMO and DAS
principles, just as Cell Massive MIMO provides a practical and scaleable version, initially proposed multiple user MIMO idea.
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Figurel. Block diagram of MIMO-OFDM system

To improve system efficiency, MIMO and OFDM techniques are integrated. Especially under difficult channel circumstances,
MIMO-OFDM is employed to boost channel capacity. In 4G mabile wireless systems, this is acknowledged to be one among the
more economical technologies [1]. Spatially multiplexed MIMO has been shown to boost throughput; yet, if greater throughputs are
targeted, the MIMO multipath channels' environment become frequency-selective. By converting a MIMO frequency-selective
channel onto parallel frequency-flat MIMO channels, OFDM offers the advantage of increasing frequency effectiveness. Due to the
incorporation of two technologies, it may include more antennas. Receiver complexity is able to reduce by becoming accustomed to
MIMO-OFDM. Many emerging wireless technologies might employ this. Its BER is poor.

Since MIMO fails to reduce multipath propagation and OFDM does not require signal equalisation, the two technologies together
have an extremely strong effect. Without channel state information usage (CSI), MIMO-OFDM is still capable of achieving
exceptionally high spectral performance. It is feasible to get close to achieving the theoretical channel bandwidth if the transmitter
has CSI (that is acquired through the application of instruction sequences). For instance, CSI can be used to utilise the channel for
communication as efficiently as feasible by allocating different size signal patterns to different subcarriers.

User-Multiple MIMO (MU-MIMO), more advanced MIMO deployments (more spatial streams), as well as research on enormous
MIMO along with cooperative MIMO (CO-MIMO) potential include in upcoming specifications for 5G are latest MIMO-OFDM
advances. Its 802.11ac standard, initial Wi-Fi standard for provide rates within gigabit every minute variety, includes MU-MIMO.
The access point (AP) may send data to a maximum of four device clients at once through MU-MIMO. With regular channel
evaluations needed to correctly route the signals, this avoids congestion delays.

At least four out of the eight possible spatial streams can be utilised by every user. An AP with eight antennas, for instance, may
interact through two device clients both containing four antennae and deliver four spatial streams to them. Additionally, a single AP
may interact with four client devices that have a pair of antennas all of them giving every one of them access to two spatial streams.
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Only individual spatial stream systems benefit from multiple users MIMO beamforming. A multi-client communication access point
only had the capacity to transmit to one device at once before beamforming with MU-MIMO. A point of access can send data upto a
maximum of quadrilateral single stream devices simultaneously using MU-MIMO beamforming on a single channel.

Additionally, the 802.11ac specification offers single-user speeds of as high as 6.93 Gbit/s utilising octagon spatial streams. The
highest data rate is predicated upon the utilisation of 256 QAM (quadrature amplitude modulation) with the 5 GHz band's optional
160 MHz channel. Chipsets that support six streams of space were released, while chipsets that enable eight spatial streams are
being prepared.

The use of a Massive MIMO system is enormous amount of base station antennas with a setting for MU-MIMO. The capacity of
particularly mono spatial stream handsets can be greatly increased via massive MIMO, despite the fact that LTE networks already
allow phones to have dual spatial streams and different handset antenna configurations able in handling quadruple spatial streams
are being evaluated. MU-MIMO beamforming is applied again for the base station to cater for multiple handsets with distinct
information streams simultaneously on a same channel. The issue is an aspect that has needed to be examined further in order to
figure out when it is best to add tiny cells as rather than antennas on the base station.

C. Frequency- Selective fading Channels

The sort underlying fading that a signal experiences when it travels across a mobile radio channel is determined by the properties of
the broadcast signal in relation to the channel's parameters. If a transmitted signal's bandwidth surpasses the range of frequencies
that a channel that is wireless is capable of keeping an even gain and linear phase, frequency selective fading takes place. In certain
circumstances, the multipath delay dispersion exceeds the symbol spacing. As a result, the transmitted waveform is present in
numerous attenuated and time-delayed forms in the signal that was received, which causes the received signal to be distorted. As an
outcome from the transmitted symbol's time dispersion inside the channel's bandwidth, frequency selective fading occurs.

Inter symbol Interference (1SI) is the effect of the sign spreading outwards over time. It can be seen that distinct components acquire
varying gains from one another in the domain of frequency. In transmitted signal's wavelength possesses a wider bandwidth
compared to the channel's coherence bandwidth in the instance with frequency selective fading. Wideband channels were another
name for frequency selective fading channels because they have a symbol bandwidth that is larger compared to the coherence
bandwidth. Multipath fading is referred to as selective fading or selective frequency fading whenever its chosen frequency
component is impacted. It denotes that certain frequency components of an identical signal will exhibit higher error as well as
attenuation than other elements of frequency.

1. METHODOLOGY

A. Massive MIMO system without Cells

Consider the situation depicted in Fig. 1, where M evenly spaced AP’s (access points) vary by distance within CPU will supply K
by means of a fronthaul link with randomly distributed clients. Even while they initially operate under the practical assumption that
each AP and user only has one antenna, they show how it may be adapted to APs with many antennas. While CF-m-MIMO in its
traditional form requires K<< M, CF-m-MIMO-OFDM allows for a wide range of user counts, from an enormous K >> M to a
modest K << M. Each user group is given access to a predetermined number of resource blocks (RBs), and new user groups are
created. Despite this, every RB meets the requirement that M has far more users than it does.
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Figure 2: A scenario using Cell-Free Massive MIMO-OFDM Architecture
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In the occurrence the convoluted, circularly symmetric Gaussian random parameter indicates modest fading, then it's frequency-flat
h[t]~CN(0; 1), which has a zero mean and unit variance. The investigation of CF-m-MIMO across a frequency-selective fading
channel advances the field. It includes linear time-dependent filter.
h[t]= ["O[t]............. T U — (1)

In which, L [Td/Ts] and Ts (sample collection interval) are coordinated by the multiple paths delay spreading (L>> Td), respectively.
When it comes to frequency equalisation, a one tap equaliser is nothing more than a delay line and increase.

hi[t]= ¥; ai(tTo)e 2™ sinc[l - 1(tT)By]----------- (2)
Carrier frequencies is fc, attenuator is ai(tTs) and delay is i(tTs), sinc(x) = sin(x)/x for x = 0. The signal's frequency is Bw = 1=Ts,
attenuation is ai(tTs), while delay is i(tTs). A fading channel can be supplied by user k connecting AP m along with

Imklt] = [Gmkolt], ... OmioLmi- [0 = Bk [E]hf]---------- (3)
In which,

gmk,l[t]= BTnk[t]hmk,l[t]
and pmk[t], which signifies slow and gradual frequency-independent large-scale fading, is employed.

B. Massive MIMO-OFDM System with Cell Free Model
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Figure 3: Block Diagram of Massive MIMO-OFDM Communication without Cellular Networks using Frequency-Selective Fading

Channel

Figure 2 shows how an OFDM system's signal equalisation is organised block-by-block during the transfer of data. Consider X" [t]

= X, O[t]y v eevene s Xnlt], v “Xmn-2[t]" for identify AP m spectrum-domain transmitting blocks using the t" OFDM symbol. A
matrix form for OFDM modulating may be expressed as
Xing) = F X g = %F*X~m[t] """""" (4)

The placement of a guard interval referred to as a cyclic prefix (CP) within a pair subsequent blocks helps prevent ISI (Inter-
Symbol Interference) along with maintain the symmetrical placement of the individual carriers

X;F [t] = [XmlN-LCp[t]i ....... ,Xm,N_l[t],Xm,o[t], . .,Xm,N_l[t]]T --------- (5)

If the time limit is met, the I1SI may be removed in CP are longer for any channel filter or if Lcp > max (Lmk), depending on the
signal being sent. Consequently, the entire signal received by user k is
YPu(t)= Zine1 xPlt] * gr[t]+2[1]

zK[t] represents an noisy in addition vector in this instance. To obtain elimination from a Cyclic Prefix,
YO)=Z =1 (9" mi [t] @Xn[t])+2[t]) ---------- (6)

The N-point channel filter g"mKk][t] is produced from padding last zeros with gmk[t], where denotes the cyclic convolution signal
equalisation.

GV t]= [9mi O[] OmioLmi-1[t1,0,...,0]T--------——- 7)
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As an outcome of DFT demodulator,

Y [t=Fyilt] ----mmmeeee- (8)
The process of convolution theorem applicability in DFT and substituting (4) and (7) into (8), the result is,
Y (O=Em=1(0"mdlt] ®%wlt]) +Fzilt])
=Xm=19 md{]OXM[t]+2"[t]
The end result is the separation from frequency-selective channel that is collection from N unique, frequency-flat sub-carriers. All
n'" subcarrier's downlink signal transmission is controlled by the criteria outlined below

Y kalt] = 2021 9 men[X malt]l + Zwaltl,  k €{1,........ K}

where “gmi,n[t] is "gmk]t] nth element. The uplink transmission is represented similarly by

Y mnlt] = 2K_1 G il X knlt] + Zmalt], ME{L,........ M}

V. PERFORMANCE EVALUATION
To assess the effectiveness of a CF- MIMO-OFDM Transmit under Frequency-Selective Fading, MATLAB programme compares the
two systems using the Data spreading technique and the auxiliary symbolism is used.
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Figure 4(a) BER vs. SNR by the various procedures like Cancellation and One -Tap (Perfect CSI of OFDM).

Table |
OFDM Cancellation and One-Tap BER Values (Imperfect and Perfect CSI)
BER for BER for BER for
SNR (DB) Cancellation C;EEII::iron Cancellation (No One -Tap (?niR- f&rp
(Ideal CSI) Edges) (Ideal CSI)
10 0.27913 0.29541 0.28586 0.28278 0.29805
20 0.11616 0.14508 0.13017 0.14847 0.17233
30 0.025187 0.062359 0.033793 0.094922 0.12152
40 0.011531 0.046062 0.011379 0.087344 0.1142
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Figure 4(b) BER vs. SNR using the One-Tap Equaliser and interference cancellation (Perfect CSI and no edges) auxiliary method of

Figure 2

FBMC Auxiliary Symbols, Realization 25/25

°

Bit Error Ratio

—e— Cancelation (Perfect CSI)

—e— Cancellation (no Edges)
One-Tap (Perfect CSI)

—=— One-Tap

1072
10 15

20 25 30

Signal-to-Noise Ratio [dB]

the FBMC.

35 40

Table Il
BER estimations for FBMC auxiliary procedure of Cancellation and One-Tap (Perfect and Imperfect CSI)
BER for BER for BER for BER for
SNR (DB) Cancellation Cancellation  |One -Tap (Ideal One - Tap
(I1deal CSI) (No Edges) CSl)
10 0.27633 0.28625 0.27772 0.28727
20 0.11106 0.12287 0.1318 0.14828
30 0.022 0.022941 0.066 0.075969
40 0.0063125 0.0061765 0.056609 0.06575
= o X

Figure 4(c): BER vs. SNR for the one-tap equaliser, interference cancellation (perfect CSI and no edges) FBMC Data Spreading
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technique.
Table 111
BER estimations for the Cancellation and One-Tap Data Spreading Procedures (Imperfect and Perfect CSI)
Cancellation Cancellation One -Tap

SNR (DB) (Ideal CSI) (No Edges) (Ideal CSI) One - Tap

10 0.28147 0.28738 0.28584 0.29778

20 0.11536 0.12938 0.13669 0.15743
30 0.023459 0.027462 0.070145 0.093183

40 0.0073256 0.0063846 0.05952 0.08189
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Figure 4(d): BER vs iteration using interference cancellation (perfect CSI and no edges) and a one-tap equaliser as an auxiliary

technique.
Table IV
Cutoff and One-Tap for maximum CSI with BER values
Iterations step values i=01 i=02 i=03 i=04

FBMC - A”X"'arycg‘?)”ce"at'on (Perfect | 4 059301 0.015047 0.011406 0.010203
Cancellation (ldeal CSI) 0.056471 0.016691 0.011765 0.010294
Cancellation (No Edges) 0.059391 0.059391 0.059391 0.059391

One -Tap 0.4213 0.42157 0.42253 0.42468

= a X

4. Figures - Figure 5

File Edit View |Insert Tools Debug Desktop Window Help ¥ A X

DEES | M RRIOVDELEL-|S|0E e »BOBE 0

Figure 5
CDF per User
0.445 T i
—— FBMC- Auxiliary b
—+—FBMC - Data Spreading Method /
0.44 | OFDM
: —O— FBMC - Auxiliary Cancellation (Perfect CSl)
——— FBMC - Data Spreading Method Cancellation (Perfect CSl)
OF DM Cancellation (Perfect CSI)
0435
w
o
(&]
0.43
0.425
0.42 .
1 2 3 4

Iteration Step i

Figure 4(e): CDF vs. Iteration with auxiliary and Data spreading method with FBMC and OFDM (Perfect CSI)
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Table V
BER estimations for FBMC-Auxiliary, OFDM, and data spreading (Perfect CSI), as well as OFDM Cancellation (Perfect CSl), are
presented.
Values for the i =01 i =02 i =03 i =04
Iteration step
FBMC - Auxiliary Cancellation
(Perfect CSI) 0.42114 0.42129 0.42188 0.42377
FBMC - Data spreading Cancellation
(Ideal CSI) 0.42127 0.42144 0.42205 0.42406
OFDM Cancellation
(Ideal CSI) 0.42164 0.42178 0.42239 0.42424
FBMC- Auxiliary 0.4213 0.42157 0.42253 0.42468
FBMC - Data Spreading 0.42162 0.42189 0.42288 0.42521
OFDM 0.42397 0.42425 0.42481 0.42665
V. CONCLUSION

Using frequency-domain orthogonal pilots, the proposed CF-M-MIMO-OFDM system successfully counters frequency selectivity
and eliminates pilot contamination. This method can handle a high number of users and a wide range of service requirements, in
contrast to CF-M-MIMO, which can only handle a small number of users with consistent service quality. The utilization in Cell-Free
Massive MIMO-OFDM at data rates between tens of kilobytes per second and tens of megabits per second was confirmed by
numerical results to be capable of supporting a wide range of user densities, from a few hundred to several thousand.
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