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Abstract—This paper introduces filter bank multicarrier  [8], who introduced multicarrier techniques over two dezsad
(FBMC) as a potential candidate in the application of massie pefore introduction and application of OFDM to wireless
MIMO  communication. It also points out the advantages of ,mmuynication systems. While OFDM relies on cyclic prefix
FBMC over OFDM (orthogonal frequency division multiplexin g) cp les t id int bol interf S| dt
in the application of massive MIMO. The absence of cyclic préx (CP) samples to avoid intersymbol in er_ erence (ISI) gn 0
in FBMC increases the bandwidth efficiency. In addition, FBMC ~ convert the channel to a set of subcarrier channels with flat
allows carrier aggregation straightforwardly. Self-equdization, a gains (perfectly, when channel impulse response durason i
property of FBMC in massive MIMO that is introduced in this  shorter than CP), FBMC, without using CP, by adopting a
paper, has the impact of reducing (i) complexity; (ii) sensivity g ficiently large number of subcarriers, relies on the faat
to carrier frequency offset (CFO); (iii) peak-to-average pwer h h sub ier band i it is ch terized b
ratio (PAPR); (iv) system latency; and (v) increasing bandudth when eaC. subcarner ap IS narrow, It IS characterized by
efficiency. The numerical results that corroborate these @ims an approximately flat gain, hence, may suffer only from a
are presented. negligible level of ISI.

A new and interesting finding in this paper is that in the
case of massive MIMO systems, linear combining of the
In recent past, massive MIMO has gained significant magignal components from different channels smooths channel
mentum as a potential candidate to increase the capacityd@tortion. Hence, one may relax on the requirement of lravin
multiuser networks. In essence, massive MIMO is a multiusapproximately flat gain for the subcarriers. This obseovsti
technique (somewhat similar to code division multiple &scewhich is confirmed numerically in this paper, positions FBMC
- CDMA) where the spreading gains for each user are detas a strong candidate in the application of massive MIMO.
mined by the channel gains between the respective mobile t&s a result, in a massive MIMO setup, one may significantly
minal (MT) antenna and the multiple antennas (many of themgduce the number of subcarriers in an FBMC system. This
at base station (BS). Accordingly, by increasing the numberduces both system complexity and the latency/delay dause
of antennas at BS, the processing gain can be increasedyahe synthesis filter bank (at the transmitter) and theyasisl
become arbitrarily large. As discussed in the pioneeringkwofilter bank (at the receiver). Also, since linear combinirfg o
of Marzetta [1], in the limit, as the number of BS antennate signal components equalizes the channel gain acrobs eac
tends to infinity, the processing gain of the system tends sabcarrier, one may adopt larger constellation sizes, dhenc
infinity and, as a result, the effects of both noise and msstiu further improve on the system bandwidth efficiency. Morepve
interference (MUI) are completely removed. Therefore, thacreasing the subcarrier spacing has the obvious benefit of
network capacity (in theory) can be increased unboundedfducing the sensitivity to carrier frequency.
by increasing the number of antennas at the B5S, [1]. An additional benefit of FBMC here is that carrier/spectral
Motivated by Marzetta’s observations| [1], multiple resda aggregation (i.e., using non-contiguous bands of spectoum
groups in recent years have studied a variety of implementeansmission) becomes a trivial task, since each subcarrie
tion issues related to massive MIMO systems, eld., [2]-[@and is confined to an assigned range and has a negligible
Also, different groups have started development of testhedterference to other bands. This is not the case in OFDM,
to confirm the theoretical observation of [1], in practicen A[9].
assumption made by Marzettal [1] and followed by other This paper is organized as follows. A summary of FBMC
researchers is that orthogonal frequency division mekiplg methods is presented in Sectioh Il. From the various choices
(OFDM) may be used to convert the frequency selectid FBMC methods, the cosine modulated multitone (CMT)
channels between each MT and the multiple antennas at thadentified as the best choice in the application of interes
BS to a set of flat fading channels. Accordingly, the flat gaine this paper. CMT provides a simple blind tracking of the
associated with the set of channels within each subcarr@rannel which may prove very beneficial in massive MIMO
constitute the spreading gain vector that is used for déspirg systems. Hence, to pave the way for new developments in
of the respective data stream. the rest of the paper, a summary of CMT along with its blind
In this paper, embarking on the above concept, we introduegualization capability are presented in Secfioh I1l. BediV]
the application of filter bank multicarrier (FBMC) to the are discusses the application of CMT to massive MIMO systems.
of massive MIMO communications. FBMC methods have thein this introductory study, we ignore the issues related to
roots in the pioneering works of Changl [7] and Saltzberchannel estimation, including the pilot contaminationkem
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in Section Y. Section VI presents a qualitative comparisbn o
FBMC and OFDM systems in massive MIMO systems. The
numerical results are presented in Secfionl VII. Finallg th

[1], and simply assume perfect knowledge of channel state

information is available to the BS. Self-equalization pradp ? ﬁ .

of FBMC systems in massive MIMO channels is introduced g ; ;
(a)

conclusions of the paper and suggestions for further rekear //_\ / ;
are presented in Sectign MI. - f\ = 7
Throughout this paper, we use the following notations. (b)

Scalars are represented in regular upper and lower case é%t.- 1. CMT modulation. (a) Spectra of baseband data str 0
ters. Vectors are represented by boldface lower casedettghq vsg portion of each (other colors). (b) CMT spectrum Bf-mg of
Matrices are represented by boldface upper case lettees. Todulated versions of the VSB spectra of the baseband daianst. VSB
notation 1y’ denotes anV x N identity matrix. The matrix Signais are modulated to the subcarrier frequengigsfi, ---. fv—1.

or vector superscript-)T indicates transposé, - || and | - |

demonstrate Euclidean norm and absolute value, resplgctive Both CMT and SMT can be adopted for massive MIMO,

Finally, diag(x), E[-] and(-)~* identify a diagonal matrix with |eading to the same performance. However, it turns out that
diagonal elements of the vectar expectation and inverse of jerivations and explanation of the results in the context of

a matrix. CMT are easier to follow. We thus limit our attention in the
subsequent sections of this paper to development of CMT in
Il. FBMC METHODS massive MIMO application.
The first proposal of the filter bank multicarrier (FBMC) l1l. CMT AND BLIND EQUALIZATION

technique came from Chand.,l [7], who presented the condi-

tions required for signaling a parallel set of pulse ampli- In CMT a set of pulse amplitude modulated (PAM) base-

tude modulated (PAM) symbol sequences through a baRRnd data streams are vestigial side-band (VSB) modulated

of overlapping filters. To maximize the bandwidth efficiencnd placed at different subcarriers. Fiy. 1 depicts thisgss.

of the system, vestigial side-band modulation was appliédoreover, to allow separation of the data symbols (free of IS

to each subcarrier signal. Saltzbergl [8], extended tha idend ICl), at the receiver, the carrier phase of the VSB sigisal

and showed how the Chang's method could be modifié@dgled between O and/2 among adjacent subcarriers. The

for transmission of quadrature amplitude modulated (QAMietailed equations explaining why this approach works can

symbols. In the literature, this method is often referrecago be found in[7] and many other publications; a recommended

offset-QAM (OQAM) OFDM. Efficient digital implementation reference is[[22]. Reference [23] also provides more dgtail

of Saltzberg’s multicarrier system through polyphasecstes  including the implementation structures and their relévan

was first studied by Hirosaki [10], and was further developddATLAB codes.

by others [[T11]-[185]. Demodulation of each subcarrier in CMT is a four step
The pioneering work of Changd.][7], on the other hand, h&focedure.

received less attention within the signal processing commu 1) For each subcarrier, say, the&* one, the received signal

nity. Those who have cited[7], have only acknowledged its  is down-converted to baseband usifig as the carrier

existence without presenting much details, elg.} [13] 5. [ frequency. This results in a spectrum similar to the one

However, the cosine modulated filter banks that have been presented in Fid.]2.

widely studied within the signal processing community,J[17 2) The demodulated signal is passed through a matched

are basically a reinvention of Chang’s filter bank, formethin filter that extracts the desired VSB signal at baseband.
discrete-time. The use of cosine modulated filter banksédita d The matched filter removes most of the signal spectra
transmission was first presented inl[18] and further studied from other subcarriers. However, as may be understood

[19], under the name of discrete wavelet multitone (DWMT). from Fig. [2, some residuals of adjacent subcarriers
Many other researchers subsequently studied and evaluated remain.

DWMT; see [20] and the references therein. Moreover| [20] 3) The channel effect is removed from the demodulated
suggested a blind equalization method for cosine modulated signal using a complex-valued single tap equalizer. This
based/DWMT systems. An analysis of this blind equalizer was  is based on the assumption that each subcarrier band is
later developed in [21]. The name cosine modulated mukiton sufficiently narrow such that it can be approximated by
(CMT), that we use in the rest of this paper, to refer to the  a flat gain. A multi-tap equalizer may be adopted if this
Chang’s type of multicarrier modulation was also coined in approximation is not valid.

[21]. Another relevant work is_[22], where the authors have 4) After equalization, the real part of VSB signal contains
suggested the shorter name of staggered multitone (SMT) to the desired PAM symbol only. Its imaginary part consists
replace OQAM-OFDM and shown that CMT and SMT are of a mix of ISI components and ICI components from
related through a modulation step. the two adjacent bands. Accordingly, taking the real part



to [1], multicarrier modulation is used for data transnmossi.
. However, we replace OFDM modulation by CMT modulation.
. ’ Each MT is distinguished by the BS using the respective
vt / tee subcarrier gains between its antenna and the BS antennas.
] —p Ignoring the time and subcarrier indices in our formulation
f for simplicity of equations, a transmit symbe{¢) from the

Fig. 2. Spectrum of a subcarrier in a CMT system after derwiitd /' MT arrives at the BS as a vector
to baseband, but before matched filtering. Note that intenfee from the

remaining subcarriers is present. Most of such interfexemitl be removed x¢ = (s(€) + jq(£))hy, 3)
after matched filtering, but still some residual interfe®nfrom adjacent
subcarriers (those at the corners of the transmission baitidjemain. whereh, = [h¢(0), ..., he(N— 1)]T is the channel gain vector

whose elements are the gains betweer/thé/T and different
of the equalized VSB signal delivers the desired datmtennas at the BG(¢) is the contribution of ISI and ICI. The
signal/symbol, free of I1SI and ICI. vectorx, and similar contributions from other MTs, as well as

In [20], it is noted that since the ISI and ICI terms are linedh® channel noise vector, add up and form the BS received
contributions from a relatively large number of data synspolSignal vector
the summation of ISI and ICI has a Gaussian like distribution _ -
This means, while the real part of the equalized signal of x= Z Xe+ v )
each subcarrier channel has contribution from one symbol, E:O. )
hence, has a distribution that follows that of the respectiv The BS uses a set of linear estimators that all take
PAM symbols, its imaginary part has a distribution close 8S their input and provide the estimates of the users’ _data
that of a Gaussian. When the channel is unequalized, b§#Hnbolss(0), s(1), ---, s(K —1) at the output. To cast this
real and imaginary parts suffer from both 1SI and ICI and iRrOCess in a mathematical formulation and allow introdarcti
that case, the real part of subcarrier channel output wila bedf various choices of estimators, we proceed as follows. We
mixture of PAM and a Gaussian distribution. Taking note dféfinex = xg x{ 1", v = [vi v{]", he = [hyg hy]T,
this property, it was noted in [20] that a blind equalizeriam h, = [~h7; hfp]T, s = [s(0) s(1) -+ s(K —1)]" and
to Godard blind equalization algorithrn_[24] may be adopted. = [¢(0) ¢(1) --- q(K — 1)]T, where the subscripts ‘R’ and
Such algorithm is developed by minimizing the cost functiow denote the real and imaginary parts, respectively. dsin
these definitions[{4) may be rearranged as

¢ =E[(Jyx(n)|P — R)?, €y
~ S ~
where y(n) is the equalizer output (in the case here, the x=A { q ] +v, (5)
equalizer output of the'" subcarrier channel) ang is an L R 5
integer (usually set equal to 2), where A = [H HJ, and H and H are 2N x K matrices
E[[[2?] with columns of{h,, £ = 0,1,--- ,K — 1} and {hy, ¢ =
S

= , () 0,1,---,K — 1}, respectively. Equatiori5) has the familiar
E[ls[?] form that appears in CDMA literature, e.g., seel[25].][26].
ands is a random selection from the PAM symbols alphabetlence, a variety of solutions that have been given for COMA
A least mean square (LMS) like algorithm is then developetystems can be immediately applied to the present problem as
to adjust the single tap equalizers coefficients. well. For instance, the matched filter (MF) detector obtains
Extension of the above blind equalization method to massigstimate of the vectas, according to the equation

MIMO sys_tems is straightforward. In this paper, we d(_) r_10t Sup = DTITATR, (6)
pursue this line of research, partly, because of the limited
space. However, we wish to point out that application afhereD = diag{||ho||?,..., |hx_1|/*}, the matrixI" con-
blind equalization to track channel drifts during the uglinsists of the firstK rows of the identity matrixIox and
transmission, to have the most updated channel when the 8% = [5umr(0),...,5ur(K — 1)]T whose /** element,
switches to downlink transmission, may prove very useful i§\r(¢), is the estimated data symbol of usérUsing [8),
practice. This remains an open research problem for futureeach element ofyr can be expanded as

K-—1 ~ =
IV. CMT APPLICATION TO MASSIVEMIMO R h' - . hT
, _ o Smp(0) = s(0)+ Y —* 5 (his(i) +hiq(i)) + — V- (7)
We consider a multiuser MIMO setup similar to the one =y IIhy]| [[hel
discussed in[]J1]. There ar& MTs and a BS in a cell. 7t

Each MT is equipped with a single transmit and receivEhis leads to a receiver structure similar to thatlof [1], vehe
antenna, communicating with the cell BS intime division it is shown that when the number of antennag, increases
duplexing(TDD) manner. The BS is equipped withi > K to infinity, the multiuser interference and noise effectaish
transmit/receive antennas that are used to communicake wd zero. Hence§s = s, where the vectog is an estimate of
the K MTs in the cellsimultaneouslyWe also assume, similars, and the receiver will be optimum. In the context of CDMA



literature, this has the explanation that/sistends to infinity, V. SELF-EQUALIZATION
the processing gain also goes to infinity and accordingly

mult|user |pterferepce and n0|§e gffects vanish. . . tems, in order to reduce channel equalization to single &p p
In re‘_"‘“St'C S|tuat|o.ns Wh_e'N IS f_|n|te, the MF efs.tlmator 'S subcarrier, it is often assumed that the number of subcaiige
not optimal. A superior estimator is the linear minimum Meaf,, arge. Hence, each subcarrier band may be approximated
square error (MMSE) estimator by a flat gain. This, clearly, has the undesirable effect of
5= W'x, 8) reducing the symbol rate (per subcarrier) which along wiith i
brings (i) the need for longer pilot preambles (equivalgntl
where the coefficient matri¥V is chosen to minimize the costreduces the bandwidth efficiency); (ii) increases latency i
function the channel; (iii) higher sensitivity to carrier frequenufjset
_ _wTa|2 (CFO); and (iv) higher peak-to-average power ratio (PAPR)
¢=E[ls - Wx|. ) i e
due to the large number of subcarriers which increases the
This solution is optimal in the sense that it maximizes thdynamic range of the FBMC signal.

In the conventional (single-input single-output) FBMC sys

signal-to-interference-plus-noise ratio (SINR),[26]. Massive MIMO channels have an interesting property that
Following the standard derivations, the optimal choice @llows us to resolve the above problems. The MF and MMSE
W is obtained as detectors that are used to combine signals from the receive
. antennas average distortions from different channels fans| t
W,=A(ATA +o2L) T, (10) as the number of BS antennas increases, result in a nearly

equalized gain across each subcarrier band. This property
'of massive MIMO channels, that we callf-equalizations
confirmed numerically in Sectidn_VII. Theoretical evalwati

of this property is left for future study.

Here, it is assumed that the elements of the noise vecto
are independent and identically distributed Gaussianaand
variables with variances of2, hence,E [vv'] = o2I. The

columns of W, contain the optimal filter tap weights for

different users. VI. COMPARISON WITHOFDM

Substituti f into[(8) leads to the MMSE soluti . . . -
ubstitution of [(1D) into[B) leads to the solution In the case of OFDM, the multiuser equatiéh (5) simplifies

K-1 to
Samse(l) = wlhs(0) + > wlhys(i) x = Hs +v. (14)
=0
it Here, x is the vector of the received signal samples (over a
specified subcarrier}fI is the matrix of channel gains, is
the vector of data symbols from different users, ant the
channel noise vector. All these quantities are complexadl
wherew,, , is the/!" column of W,,. Ignoring the off-diagonal  The following differences pertain if one compargs (5) and
elements of(ATA + ¢2I,x) and also removing the term (14).

o;Iarc from (I0), one will realize that[{11) boils down to 1) while all variables/constants ifil(5) are real-valuediith
the MF tap weights[(7). counterparts in[{14) are complex-valued.

The first terms on the right hand side of equatidds (7) and2) The users’ data vectarin (Id) hasK elements. This
(LI) are the desired signal and the rest are the interference means each user receives multiuser interference from

K-1
+ Z wo hiq(i) + wl v, (11)
=0

plus noise terms. We conside(¢) and ¢(¢) as independent K — 1 other users. In{5), on the other hand, each user
variables with variance of unity. With the assumption ofihgv receives interference fro@(K — 1) users, from which
a flat channel impulse response in each subcarrier band, SINR g _ 1 are actual users and the rest we refer to as virtual
at the output of the MF and MMSE detectors for ugen a users. For instance, if the data user of interes(@, it
certain subcarrier can be derived, respectively, as may receive interference fron{1), s(2), - - -, s(K — 1)
(the actual user symbols) andl), ¢(2), ---, ¢(K — 1)
[ (the virtual user symbols - contributions from ISI and
SINRwmr (€) = o s - . o — (12 ICI components).
2 (Ihhi|” + [hfhi]") + o3[ he||? 3) While the processing gain in the OFDM-based systems
i#e is N (equal to the number of elements is each column
and of channel gain matrip), this number doubles in the
e CMT—_bas_ed system. _ N _
SINRanss(f) = [Wo,che 4) Considering the observations 2) and 3), it is readily con-

K—-1 . K—1 Ty :
2 W hil® + ZO [wo hil? + o[ wo,e[|?
1= 1=

i£l

cluded that both CMT-based and OFDM-based systems
suffer from the same level of multiuser interference.

(13) These observations imply that, in massive MIMO, signal
enhancement through linear combining leads to the same



results for both OFDM and CMT-based systems. Nevertheless,

CMT offers the following advantages over OFDM. sl
More flexible carrier aggregationTo make a better use of
the available spectrum, recent wireless standards put ef lot 207

emphasis on carrier aggregation. Variety of implementatio
of carrier aggregation has been reported. Apparently, some
companies use multiple radios to transmit/receive sigozts
different portions of the spectrums. Others, elg.] [27}og=st
modulation and filtering of the aggregated spectra. These | z:‘)is |
solutions are more expensive and less flexible than carrier B

SIR (dB)

N=32
aggregation in FBMC. Hence, one compelling reason to adopt ~ _xo} N=1
FBMC in future standards may be this advantage that it has h 3 o "y 05 |

over OFDM. Normalized frequency
Lower sensitivity to CFO As mentioned in the previous @
sections and demonstrated numerically in the next section,
compared to OFDM, FBMC allows an increase in subcarrier 30
spacing. This, in turn, reduces the sensitivity of FBMC to
CFO.

Lower PAPR Reduced number of subcarriers naturally brings 30r
low PAPR property to the FBMC signal.

Higher bandwidth efficiencyBecause of the absence of CP in
FBMC, it expectedly offers higher bandwidth efficiency than
OFDM. One point to be noted here is that FBMC usually
requires a longer preamble than OFDM. The possibility of
reducing the number of subcarriers in FBMC that was noted _1oh
in Section[¥ can significantly reduce the preamble length in
FBMC. Hence, it reduces the overhead of the preamble to a -0 02 02 06 08 |
negligible amount. Normalized frequency

40 1

SIR (dB)

VIl. NUMERICAL RESULTS (b)

In this section, a broad set of numerical results is presente
to confirm the theoretical developments of this paper. It was
noted in the previous sections that massive MIMO, through us
of a large number of antennas at the BS, can provide a large
processing gain. Hence, noise and MUI effects can be reduced
In addition, when FBMC is used for signal modulation, linear
combining of the signals from multiple antennas at the BS
has a flattening effect (i.e., the channel will be equalized)
over each subcarrier band. This interesting impact of massi

SIR (dB)

=128
MIMO allows reducing the number of subcarriers in FBMC or N=64
and this, in turn, has the effect of reducing (i) complexdti); _10} N=32

N=1

the preamble (training) length, hence, increasing banitiwid ‘ ‘ ‘ :
efficiency; (iii) sensitivity to CFO; (iv) PAPR; and (v) sysh 0 02 04 06 08 !
latency. The first set of results that we present in this sacti Normalized frequency

provide evidence of the self-equalization property. (c)

Fig. [@ presents a set of results that highlights the effemg . [@[) anfiTé) compare the SIR of the MF linear corinjriechnique
of increasing the number of antennas at the receiver @fie cases 082, 64 and128 subcarriers, respectively, for different number
the signal-to-interference ratio (SIR) for different nuenkof of receive antennasy.

subcarriers in the single-user case. The results are pegken

for a noise free channel to explore the impact of the numberwireless access working group, [28]. SIRs are evaluatetl at a
subcarriers (equivalently, the width of each subcarrierdda subcarrier channels. Note that in each curve, the number of
and the number of BS antennas in achieving a flat chanmaints along the normalized frequency is equal to the number
response over each subcarrier band. The results are foofasubcarrier bandsl. For the channel model used here,
sample set of channel responses generated according tothlgetotal bandwidth, equivalent to the normalized freqyenc
SUI-4 channel model proposed by the IEEE802.16 broadbamiike, is equal to 2.8 MHz. This, in turn, means the subcarrier
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Fig. 4. SINR comparison between MMSE and MF linear combiningrig. 5. SINR comparison between MMSE and MF linear combining
techniques in the single user case with= 32, when the user's SNR at techniques for the case ¢f = 6, L = 64 and N = 128.
the receiver input is-1 dB for two cases ofV = 128 and N = 32.

spacing in each case is equal2®00/L kHz. As an example,
when L = 64, subcarrier spacing is equal to 87.5 kHz. This,
compared to the subcarrier spacing in OFDM-based standards
(e.g., IEEE 802.16 and LTE), is relatively bro&f,5/15 ~ 6
times larger. Reducing the number of subcarriers (equitigle
increasing symbol rate in each subcarrier band), as noted in
Section ¥, reduces transmission latency, increases baltiulwi
efficiency, and reduces sensitivity to CFO and PAPR.

Next, the channel noise is added to explore similar resalts t —6— MMSE, theory
those in Fig[B. Since a MF/MMSE receiver in the uplink (or 5 —%— MMSE, simulation | 1
a precoding in the downlink) has a processing gaiiVgfthe O MF, theory
SINR at the output may be calculated ¥R, 4 10 log,, N, MF, simulation
where SNR;,, is signal-to-noise ratio (SNR) at each BS 0 02 04 0.6 0.8 1
antenna. The results, presented in Fiy. 4, are for the cases Normalized frequency
where there ar82 and128 antennas at the BS, the number Oltlg 6.  SINR comparison between MMSE and MF linear combining
subcarriers is equal t82 and SNR;, = —1 dB. As seen, techniques for the case & = 6, L = 32 and N = 128.
here, the SINR curves in both MMSE and MF receivers

coincide. The processing gains for= 128 and32 antennas zre examined. As the figures depict, the MMSE combining
are respectivelpl and15 dB, and the expected output SINRtechnique is superior to the MF one and its SINR is about the
values20 and14 dB are observed. same for all the subcarriers, i.e., has smaller variancesacr
The above results were presented for the single user cae. subcarriers. Whe, = 64 (Fig. [B), the SINR curves
The situation changes significantly in the multiuser sdenarfor both MF and MMSE techniques, the simulation results
due to the presence of MUI. As shown in the following resultgoincide with the theoretical ones almost perfectly, conifig
when multiple MTs simultaneously communicate with a BShe self-equalization property of linear combining in niess
MMSE outperforms MF by a significant margin. This resulMIMO FBMC systems. Wheil, = 32 (wide-band subcarriers
that is applicable to both FBMC and OFDM-based MIMQuith 87.5 kHz width), the SINR curves from simulations for
systems is indeed a very interesting observation that Isas ahe MF receiver is still the same as the theoretical curve.
been recently reported in [R9]. However, the SINR simulations for the MMSE combining falls
The analytical SINR relationships derived in Secfioh 1V aré dB below the theoretical predictions.
calculated with the assumption of having a flat channel per
subcarrier. Therefore, they can be chosen as benchmarks to
evaluate the channel flatness in the subcarrier bands. Figdn this paper, we introduced filter bank multicarrier (FBMC)
and[® present the theoretical and simulations results irag a viable candidate in the application of massive MIMO.
multiuser scenario wher& = 6, N = 128, the target SINR Among various FBMC techniques, the cosine modulated
is 20 dB (the SNR at each antenna at the BS is selectaetlltitone (CMT) was identified as the best choice. It was
as 20 — 10log; IV dB) and the cases of. = 64 and 32 shown that while FBMC offers the same processing gain

SINR (dB)

VIII. CONCLUSION
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