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Abstract: The need for internet of things (1oT) and machine-to-machine communication (MTC) has
been growing rapidly all across the world. To meet the client's needs, many literature reviews were
undertaken in several countries. Orthogonal frequency division multiplexing (OFDM), Universal
Filtered Multi-Carrier (UFMC), filter-bank multicarrier offset construction amplitude modulation
(FBMC-OQAM), generalized frequency division multiplexing (GFDM), and others are candidates
for LTE, LTE advance, and 5G, according to the majority of the researchers. However, because it is
sensitive to propagation and noise, such as amplitude, with a huge dynamic range, it requires RF
power amplifiers with a high peak to average power quantitative relationship; consequently, it is not
recommended for LTE, LTE advance, or 5G. As a result, the same concerns were addressed by
introducing innovative type filtered orthogonal frequency division multiplexing (F- OFDM), which
was the subject of this study. In addition, F-OFDM mathematical models were constructed and
simulated in the MATLAB software environment. To validate the proposed innovative F-OFDM,
OFDM was compared. For innovative F-OFDM, the simulated result was 0.00083333 bit error rate
(BER). Furthermore, the bit error rate (BER) of F-OFDM over OFDM was 89.4 percent, and the
peak to average power ratio was 17 percent. The simulation results unmistakably show that the
suggested innovative F-OFDM is the greatest fit for LTE, LTE advanced, and 5G contenders.
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1. Introduction

New data transmission needs have presented an unprecedented difficulty for the cutting-edge cell
structure as technology advances[1-2]. Orthogonal frequency division multiplexing (OFDM) has
been studied and recognized in broadband wired and wireless standards for over a decade[3-4]. After
all, OFDM is currently being employed to meet the tremendous demands of discrete multi-tone
transmission (DMT). Asymmetric virtual subscriber line (ADSL) and virtual video broadcasting
cable (VVBC) are also available (DVB-C). In addition to the majority of wireless technologies, IEEE
802.11 and IEEE 802.16, long-term evolution superior (LTE-superior), and 5G are all available [5-
7]. The intensely spaced orthogonal subcarriers separate the available bandwidth into a collection of
slender subcarriers due to the merits of orthogonality [8], [9]. Adaptive modulation methods are also
frequently used on subcarrier bands to increase overall bandwidth efficiency. OFDM provides high
data rate transmission, reliable multi-route fading, and ease of implementation.[10-12].

Future wireless networks will also be distinguished by a large number of conceivable use cases,
such as enhanced cell broadband (eMBB), massive gadget type communications (MMTC), and
extremely dependable low latency communications (URLLC). A flexible allocation of available
time-frequency property is essential to appropriately support the diversity of use cases[13-15].
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Despite the fact that OFDM is used in LTE-advanced and 5G networks [16]. The chance filtered-
primarily based systems must yet be examined. Filter monetary group multi-service (FBMC) and
filtered orthogonal frequency division multiplexing (F-OFDM)[17], [18] are examples of future
wireless systems that match the above design requirements. Unlike OFDM, FBMC filters each of
the many subcarrier subbands. Both F-OFDM and FBMC have reduced out-of-band (OOB)
emissions and better time/frequency localisation houses [19].

Researchers created FBMC and F-OFDM separately[16-20]. And each contains the application of
precise signal trends and style assumptions, making it difficult to compare the outcomes. As a result,
it's critical to work with a uniform illustration of various waveforms for comparison evaluation.
Aside from the standard speech and data benefits of cell phones, 5th generation technology (5G).
Gadgets are also predicted to help with traffic, which is expected to be a very common experience
in comparison to the normal ones. Device type communication (MTC), for example, employs
relatively brief messages and hence the internet of things [21-27].

The employment of adaptive waveforms is a vital step for dealing with looming challenges.
Offbeat transmission with a specified cessation is a critical requirement of the waveform
configuration in 5G networks. Aim to keep a safe distance from the high overhead of synchronization
signals required by large terminals. The cyclic prefix orthogonal frequency division multiplexing
technology is used in fourth-generation (4G) structures for modulation and access control (CP-
OFDM). Regardless, OFDM is only able to meet the above requirement for explanations. As a result,
in eccentric/asynchronous transmission, orthogonality among sub-carriers cannot be stored[28-33].
As a result, unadorned neighbouring channel interference will result from out-of-band (OOB) output.
The synchronization overhead, on the other hand, reduces delay and increases electricity
consumption. MTC, on the other hand, demands the use of batteries, which must last for a long time.
Furthermore, while transmission synchronization is important, time-domain localization properties
in 5G waveforms are required to achieve the appropriate latency and message transmission speed.
As aresult, filtered alerts have been widely seen as long overdue in order to certify the waveform of
5G structures. This is owing to the ability to provide asynchronous transmission using filtered
waveforms, which decreases OOB emission, recommends filter-based waveforms, and outperforms
OFDM [34-37].

Because of the aforementioned flaws, the second type of filtered-waveforms, sub-band based
filtered-waveforms, was developed. This approach will set the filter to cover a sub-band, with each
sub-band including many sub-companies eligible for transmission. Because of the wider filter
bandwidth, the filter's impulse reaction may be shorter than in the case of sub-service filter operation
in many cases. Allow us to provide a brief introduction to the configuration of the fourth technology
LTE system in order to encourage a thorough understanding of our claim. LTE (4G) time-area
transmission coordinated as periods is currently fashionable. As a result, each period, referred to as
the body, lasts 10ms [38-41].

The single individual body is made up of ten sub-frames, each of which takes up the same amount
of space in the frame. As a result, one frame contains smaller pieces known as sub-frames, each of
which is 1ms long and subdivided similarly into time-slots. Time-slots that is all equal to zero. The
CP-OFDM symbols' primary packing containers are 5ms long. As a result, each time slot may
include six or seven CP-OFDM symbols, depending on the length of the cyclic prefix, which is
determined by the transmission settings. Eventually, the LTE transmission bandwidth capacity will
be determined in relation to the total number of subcarriers used for transmission, with each pair of
twelve contiguous subcarriers forming a so-called bodily resource block (PRB) or, for convenience,
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a useful resource block (RB) [42-48]. The final filtered multi-service (UFMC), which also belongs
to the sub-band based entirely filtering group, was another inspiration as a recommended option for
5G. When the UFMC filtering operation is accomplished solely on the transmitter side, only one
filter is necessary to maintain the sub-band at the transmitter. The filter out bandwidth could also be
increased such that the entire bandwidth of the transmitted sub-bands is filtered at the same time.
That example, the simplest one-filter-out on the transmitter may be hired as well. Filtered OFDM is
the name for this type of filtered signal (F-OFDM) [49-50].

Every FBMC and F-OFDM is a unique instance of the UFMC, which is worth emphasizing. By
reducing the filter length to 1 sub-carrier width, UFMC is reduced to FBMC, and by raising the filter
width to the entire authorized bandwidth, UFMC is transformed into F-OFDM, resulting in the
general filtered multi-provider decision. Only the F-OFDM improved will be discussed in this work.
The remaining sections of this study are as follows: part two is dedicated to the mathematical model
of F-OFDM, and section three is dedicated to the results and discussion. Section four contains the
conclusion and recommendations.

2. Mathematical models of F-OFDM

We've studied appropriate mathematical models of F-OFDM in this part. A system is usually
described by a set of variables and a set of equations that form links between the variables. In
addition, we have an F-OFDM transmitter construction. We've created appropriate mathematical
models for the F-OFDM transmitter based on the F-OFDM transmitter structure. We've started
general OFDM signal equations to get back to F-OFDM acceptable mathematical models. The
following is a representation of a general OFDM signal[2-12].

Subband- sC
1 : o FILTER
— Mapping » IFFT 1 | CP1 | 1 —
1
Subband
2 2E FILTER
—> Mapping > IFFT 2 [ Ccp2 | 2 >
2 3
i i i i
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N5 mapping » IFFTN [ cpN [ FLIER
N

Figure 1. F--OFDM transmitter structure[3]

A block diagram of an F-OFDM transceiver is shown in Figure 1. Bit sequences are converted to
BPSK/QAM symbols first. IFFT is then used to map symbols into orthogonal subcarriers, and CP is
added after the channel impulse response to avoid inter carrier interference (ICI) and inter Symbol
Interference (I1SI1S) (ISI). It then passes through a pulse shaping filter before broadcasting on a
multipath fading channel. F-OFDM is comparable to the Cyclic Prefix OFDM scheme since it has a
larger filter length than UFMC and the filter tails extend to surrounding symbols. Implementing this
flexible design will provide the desired benefits. To begin, OOBE can be reduced by creating a
correct framework for each sub band, which reduces guard band usage. Second, asynchronous
transmission can be achieved by using flexible sub-band filter designs. Finally, each user's wants
based on their traits can be addressed utilizing optimal numerology.
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Where T is the OFDM symbol duration, and sin(t), the nth OFDM symbol of a downlink slot
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Based on Equations (1) and (2), the OFDM signal is derived as:

d o k-1
S(t)= ZSn(t—nT)= Z Zan,kv(t—nT)EjznkAf‘(t_nT) (3)
n=—e0 n=-o k=0

After applying the spectrum shaping filter h(t) to the entire sub band described in Equation (1), the
F-OFDM signal can be derived as:

0 0 k-1 .

S(t)=>'s,(t-nT)=> {{Z a, V(t —nT)e /2Rl } ®h(t - nT)} (4)
N=—o0 n=—o0 k=0

After applying convolution we have been obtained

S(t)= i {[ > a,,v(t—nT)e ™ } ®h(t- nT)} ()

k=0

N=—o0

Unified expression of power spectrum for OFDM, FBMC, and F-OFDM signals equation
2 = 2
|H(f)| o-aZZ[\/(f —kAf)|
k=0

Ps(f)= T (6)
The PSD of F-OFDM can be described as:
k=1

P (f)=|P(f) To? > [sinc[T(f —kaf )]’ (7)
k=0

a truncated filter, a window function w(t) applied on an impulse response
h(t) =sinc; (t)o(t) (8)

In Equation (8), w(t) has smooth transitions to zero on both ends to avoid abrupt jumps at the
beginning and end of the truncated filter, hence avoiding the frequency spill over in the truncated
filter. where the bandwidth of the since impulse response is B. Substituting Equation (8) into
Equation (7), the PSD of F-OFDM can then be derived as:

P (f)= rect%@w(f)( Tozaki|sinc[T(f —kaf)]* (9)

k=0
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Taking a Fourier transform yields:
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The first term in Equation (12) contributes most to the main lobe, and the second and third terms
contribute to doubling the null bandwidth and smoothing the side lobe.

3. Results and discussion

In this section, we compared Orthogonal Frequency Division Multiplexing (OFDM) with Filtered-
OFDM (F-OFDM). The merits of the candidate modulation scheme for Fifth Generation (5G)
communication systems are highlighted, and filtered-OFDM is validated in LTE and LTE advanced.
In F-OFDM, a well-designed filter is applied to the time domain OFDM symbol to boost the out-of-
band radiation of the sub-band signal while keeping the OFDM symbols complex-domain
Orthogonal.

We might conclude from Figure 2 that the low symbol rate makes the use of a guard period
between symbols inexpensive. Additionally, it has the ability to eliminate inter-symbol interference
(1Sh).

This method also makes it easier to create single-frequency networks (SFNs). Many neighbouring
transmitters send a consistent signal at a constant frequency wherever they are. Furthermore, instead
of tampering, the signals from numerous distant transmitters are mixed constructively, as would be
the case in an extremely old single-carrier system. Nonetheless, the simulation result showed a strong
peak-to-average magnitude relationship that was sensitive to frequency offset and, as a result, to
Doppler shift[3-9]. As a result, it is not suitable for LTE, enhanced LTE, or 5G. Finally, within the
transmission, LTE uses a pre-coded variant of OFDM known as Single Carrier Frequency Division
Multiple Access (SC-FDMA)[6-8].
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Figure 2. unallocated resource block

This could be to compensate for the disadvantage of classic OFDM, which has a very high Peak
to Average Power magnitude relationship (PAPR). High PAPR necessitates expensive and
inefficient power amplifiers with a high need for one-dimensionality, which raises the terminal value
and drains the battery faster. As shown in figure 4 (a) to (e), the proposed F-OFDM overcomes this
disadvantage by grouping along resource blocks in such a way that the necessity for one-
dimensionality, and therefore power consumption, inside power electronic equipment is reduced.
Coverage and, as a result, cell-edge performance improve with an extra sheet of paper.

Figures 4 (a) to (e) and 5 (a) to (e) show how a band in f-OFDM is divided into multiple sub bands
(d). Each band denotes a different sort of data analysis. Another thing to remember is that because
each sub-band is made up of multiple subcarriers, the frequency spacing between them varies. We've
constructed a really variable structure of sub frame that conveyed the many forms of service
information inside an analogous sub frame by combining these sub band flexibility and subcarrier
flexibility. Because of the enormous need for 5G, it was almost certain that this form of flexible
wave will be used in 5G. Despite the fact that, as shown in Figure 3, (a) to (f), in conventional
OFDM, the entire band was made up of one block, and hence the frequency spacing between each
subcarrier was the same. Of contrast, the entire band in f-OFDM is made up of numerous sub blocks
(sub band). Every sub-band has a completely different subcarrier spacing. Clearly, we have obtained
flexibility wave and structure complexity from this study. Furthermore, we learned from this research
that f-OFDM stands for Filtered Orthogonal Frequency Division Multiplexing, which is a
modification on the basic OFDM technology. Furthermore, it was a very efficient use of spectrum,
suppressed Out Of Band Emission, and therefore guard band use could be reduced to a minimum.
Furthermore, an optimal subject area has been implemented to meet the needs of bound types of
services within each sub-band. Later on, distinct waveforms like as GFDM, FBMC, and UFMC may
not be required as optimistically in LTE advanced and 5G, and backward and forward compatibility
may be possible. Filtering mostly focused on the victimization sub-band; international
synchronization demand was being loosened. As a result, inter-sub-band asynchronous transmission
has been made possible[1-4].

The developed filter is applied to the sub-band CP-OFDM signal in F-OFDM. Only a few
subcarriers around the sting are affected because the filter's pass band corresponds to the signal's
bandwidth. The filter length is allowed to surpass the cyclic prefix length for F-OFD, which is an
important concern. Because of the filter's windowing architecture, inter-symbol interference is
minimized (with soft truncation). This paper focuses on the essential receive processing for F-OFDM
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for one OFDM symbol in the case of an F-OFDM receiver with no channel. After passing through a
matching filter, the received signal is sent to a standard CP-OFDM receiver. Prior to the FFT process,
it accounts for both the filtering ramp-up and latency. During this study, no fading channel is
considered, but noise is injected to the received signal to achieve the desired SNR. At both the
transmit and receive ends, F-OFDM adds a filtering stage to the current CP-OFDM processing. The
instance simulates a user's full-band allocation, although for an uplink operation, the same approach
can be used for several bands (one per user).
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Figure 3. (a) visualization of OFDM interims EVM, (b) Comparison of EVM and number of subcarrier, (c) Comparison
of EVM and number of resource blocks, (d) 3D Comparison of EVM and number of subcarrier, OFDM symbols, (e) number
of antenna transmission without CSI-RS- based PMI feedback in OFDM, (f) number of antenna transmission with CSI-RS-
based PMI feedback in OFDM.
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Table 1. comparison of F-OFDM over OFDM

Quantity Peak-to-Average-Power-Ratio Reception, bit error at

(dB), power efficiency rate (BER), spectrum | SNR
efficiency

F-OFDM 11.371 0.00083333 18

OFDM 9.721 0.007888 18

F-OFDM 17 89.4 0

over OFDM

(%)
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Table 2. EVM normalization at average level
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Moreover, figure 6 (b) NB- internet of things (IoT) down link grid anchor per in band-same-PCI.
Further figure 6 (c) NB- internet of things (IoT) down link grid non anchor per stand alone, and
figure 6 (d) NB- internet of things (loT) down link grid non anchor per stand alone. Furthermore,
figure 6(e) NB- internet of things (1oT) down link grid non anchor per stand alone. Additionally,
figure 6 (f) NB- internet of things (IoT) down link grid anchor per stand alone, and figure (g)
depicted that NB- internet of things (IoT) Downlink Waveform generation. In addition to the sub
frame allocation described higher up, the generated grids below any justify the RE allocation in a
very sub frame, as seen in figures 6(a)-(f). The grid is for two associate degree anchor carrier frames
that contain NPSS, NSSS, NRS, NPBCH, SIB1-NB, and NB- internet of things (1oT) downlink sub
frames that carry NPDSCH and NPDCCH. As we compared to the standalone and PCI operating
modes, in band- grids configurations are the same. This results validate the current work suitable
for the 5G telecommunication system[1-10]. Furthermore, the number of NRS ports as well as the
narrowband physical cell identification (the parameter fields NBRefP and NNCellID) in structure
ngen, Config, will be used to configure out the RE locations. Subsequently, NPSS uses the primary
11 subcarriers, while NSSS uses all 12 subcarriers within a physical resource block [11-13].

The primary 3 OFDM symbols in an exceedingly sub frame aren't used for NPSS/NSSS. On the
other hand, NRS isn't transmitted in any sub frame containing NPSS/NSSS as stated in the previous
work [4-8]. For this reason the REs of NPSS/NSSS is punctured by the LTE cell-specific reference
signal (CRS) only in in-band modes. Furthermore, the amount of CRS ports that affects the
puncturing may be configured by parameter field Cell Ref P in structure 5G generation, Configure
which is (TS 36.211 10.2.6 and 10.2.7). Due to, NPBCH, the REs are punctured by the NRS and
also the CRS using the most number of NRS and CRS antenna ports (2 and 4, respectively), for both
operation modes (TS 36.211 10.2.4 [2-4]). This is often because the UE has no knowledge about the
amount of used antenna ports and also the operation mode. Based on the NPDSCH operation modes
Standalone and Guard band, the REs is punctured by NRS only. On contrast, in-band operation
modes, the REs are punctured by both NRS and CRS. For this reason, the primary three OFDM
symbols within the sub frame aren't used for NPDSCH carrying SIB1-NB. This leads an NPDSCH
is carried by a NB-internet of things (IoT) downlink sub frame.

Control region size could be a parameter field in structure n generation. This configures the LTE
control region size for NPDSCH RE allocations that is (TS 36.211 10.2.3, TS 36.213 16.4.1.4, and
TS 36.331 6.7.2) as displayed by [1-12] . Therefore, the LTE control region size configures the
starting OFDM symbol position during a NB-internet of things (1oT) downlink sub frame carrying
NPDSCH and NPDCCH in in-band operation modes. Furthermore, the NRS and CRS puncturing
are the identical due to NPDSCH. When the operation mode is in-band, the primary control region
size OFDM symbols within the sub frame don't seem to be used for NPDCCH. Same as that for
NPDSCH is true that means, control region size is employed to configure the NPDCCH RE
allocations (TS 36.211 10.2.3, TS 36.213 16.4.1.4, and TS 36.331 6.7.2). eNodeB configuration
parameters fields such as NPBCH, SIBINPDSCH, NPDCCH, and NPDSCH are created when the
NB- (loT) is used. NPDSCH also configures NPBCH, NPDSCH with SIB1-NB, and NPDCCH. This
means that NB-10T downlink sub frames carry NPDSCH. As a result, NPDSCH and NPDCCH both
have a single transport block and a single downlink control information (DCI) message. The
parameters of an NPDCCH/NPDSCH are given by a structure, and numerous NPDCCH/NPDSCH
area units are expressed as a structure vector, according to earlier work [3-15]. As a result, the
planned system has been configured.
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4. Conclusion

F-OFDM adds a filtering stage to the current CP-OFDM process at both the transmit and receive
ends, as previously stated. The current research used models to allocate a full band to a single user,
but a similar strategy will be used for several bands (one per user) in a transmission operation.
Furthermore, the current research discusses the fundamental properties of the F-OFDM modulation
theme at each of a communication system's transmit and receive endpoints. Then, for the quantity of
resource blocks, range of subcarriers per block, filter length, tone offset, and SNR, experiment with
completely alternative system parameter settings. F-OFDM and OFDM both use time-domain
filtering, but with finer changes in how the filter is intended and used. The length of the filter is
forced to be up to the cyclic-prefix length in OFDM, but it will exceed the CP length in F-OFDM.
The filter style causes a slight loss in orthogonality (strictly speaking) in F-OFDM, which only
impacts the sting subcarriers. As a result, F-OFDM will address the disadvantages of OFDM while
maintaining its benefits[1-18]. Because of its overall performance, moderate quality, value, and
smoothness, it is used in 5G technology. In comparison to standard OFDM, the F-OFDM requires
an additional pair of transmit and receive filters in the transmitter and receiver chains, respectively.
CP, like OFDM, can be used to protect signals from ISI in filter-based waveforms like UFMC and
F-OFDM. Because full-band filtering can't get rid of any ICI, F-OFDM has it, just as normal OFDM.
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Appendix
3GPP TS 36.211 "Physical channels and modulation”

3GPP TS 36.212 "Multiplexing and channel coding"

3GPP TS 36.213 "Physical layer procedures"

3GPP TS 36.321 "Medium Access Control (MAC); Protocol specification™
3GPP TS 36.331 "Radio Resource Control (RRC); Protocol specification"

3GPP TS 36.300 "Overall description; Stage 2"

3GPP TS 36.101 "User Equipment (UE) radio transmission and reception™
3GPP TS 36.141 "Base Station (BS) conformance testing"



