
 

 
 
 

 

 
 

Abstract— In this paper we focused on to reduce the latency 

time for 5G applications using hardware accelerator. In current 

4G systems the roundtrip latency period is about 15mS, The 5G 

applications will need a roundtrip latency period less than about 1 

ms, faster than 4G.The latency constraints may have major role 

in the design of a 5G communication system. 5G networks will 

require tight inter-coordination between multiple network 

elements and tight sharing of spectrum.OFDMA can only operate 

if strict time and frequency synchronization between users and a 

base station is achieved. There is a need for a filtered, 

multicarrier approach with reduced side-lobe levels of the 

waveform which could minimize inter-carrier interference (ICI) 

in 5G, FBMC (filter bank multi-carrier) generalizes traditional 

orthogonal frequency-division multiplexing (OFDM) schemes. 

The proposed work consists of latency analysis of filter bank 

based multicarrier (FBMC) transmitter and receiver with and 

without a hardware accelerator. This waveform is a possible 

candidate for 5G. The result of this experiment will be one of the 

references to finalize engineering requirements of 5G wireless 

communication system in terms of latency. 

 

Keywords—Filter Bank Multi Carrier; OFDM; Hardware 

Accelerator; FPGA; IP core generation 

 

I.       INTRODUCTION 

The next generation of wireless networks is named as 5G. 

5th generation mobile communication technology is 

represented as 5G technology.Mobile within high bandwidth 

can be made using 5G technology [2]. Due to the presence of 

extra features such as cognitive radio technology, high data 

rate, effective billing system, etc 5G technology will be the 

most dominant technology in the near future. The 

wirelesstechnology have been changed from 0G to 5G in the 

last few years. The advanced implementation of this 

technologiesare the major constraint in the execution work of 

upcoming 5G which is the wireless technology. When thinking 

of 5th generation wireless networks, most people think in terms 

of more bandwidth. However, this is only part of the story 

[1],[4]. The key technical advancements will come from two 

emerging concepts: cooperative networking and coexistence. 

Cooperative networking requires network elements to 

coordinate closely together, on a frame-by-frame basis and to 

transmit/receive data on shared resources. This will 

dramatically improve coverage and quality, especially in  

 

difficult scenarios, which are currently underserved by modern 

networks. In a large number of cases, this coordination may 

involve small-cells. Coexistence requires the 5G cellular 

network to share spectrum with other radio access technologies 

in a common geographic area. Multiple radio access 

technologies (RATs) using common spectrum operate in 

coordination with each other.  

Till now the standards of 5G is not set  by the wireless industry, 

and 5G remains as concept, large ambivalence exists across 5G. 

The wireless industry is trying to achieve some key goals with 

5G they are  

 Appreciably faster data speeds: At present 4G 

networks have the capacity to achieve peak download 

speed of one gigabit per second, in actual practice it is 

never that fast. While we use 5G the speed can be 

improved to 10Gbps.  

 Ultralow latency: Currently with 4G, the latency is 15 

milliseconds, but 5G will reduce that to about one 

millisecond [2].  „Latency‟ refers to the time it takes 

one device to send a packet data to another device. For 

industrial applications latency plays a greater role. 

 A more “connected world”: in the next 10 years the 

internet of things is expected to grow very fast and it 

will require a network that can coordinate billions of 

connected devices and gadgets. The major goal behind 

5G is to provide such a capacity also it must be able to 

assign the bandwidth according to the application 

needs and user. 
The multiple access and signal formats i.e., the 

waveformdesign, have changed significantly at each cellular 
generationand to a large extent they have been each 
generation‟s definingtechnical feature. They have also often 
been the subject of big intellectual and industrial disputes, 
which have playedout in the wider media and society. The 1G 
approach, which is based on analog frequency modulation with 
FDMA, transformed into more compact digitalformat for 2G 
and, although it employed both FDMA andTDMA for multiple 
access. It was generally known as “TDMA”due to the novelty 
of time multiplexing. In between, a niche read spectrum/CDMA 
standard which was developed by Qualcomm to compete for 
2G became the authoritative approach to all global 3G 
standards. For the high speed data the limitations of 
CDMAbecame unavoidable , there was a discrete but distinct 
retreat back toward TDMA, with very low spectrum spreading 
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retained and with the important additionof channel-aware 
scheduling .Due to the increasing signalbandwidths needed to 
support data applications, orthogonalfrequency-division 
multiplexing (OFDM) was unanimouslyadopted for 4G in co-
occurrence 

 

with scheduled FDMA/TDMAas the virtues of 
orthogonality were viewed with renewedappreciation.

 

OFDM is the unquestionable frontrunner for 5G. 
Multicarrier communication techniques are among the most 
successful air interface transmission techniques. Out of them 
orthogonal frequency division multiplexing (OFDM) is 
identified as most suitable technique for broadband wireless 
communication. Efficient use of spectrum, robustness against 
frequency selective fading, resistance to both inter symbol 
interference (ISI) and inter carrier interference (ICI) (with the 
aid of guard intervals and cyclic prefixes), capability of being 
implemented using FFT (Fast Fourier Transform) techniques 
can be highlighted as some of the key merits. However higher 
peak to average power ratio, higher sensitivity for carrier 
frequency offset (CFO) errors, higher amount of side lobes, 
inevitable overhead due to cyclic prefixes and additional time 
consumed due to insertion of guard intervals are among critical 
and limiting drawbacks.

 

However,

 

some drawbacks

 

do exist that could possibly 
become more pronounced in 5G networks. Due to the addition 
of uncorrelated inputs in the IFFT the envelops are nearly 
Gaussian due to this the peak-to-average-power ratio (PAPR) is 
higher in OFDM than

 

in other techniques. Although a Gaussian 
signal distribution is capacityachieving under an average power 
constraint, in the face of an actual power amplifier a high PAPR 
sets up an unattractive tradeoff between the linearity of the 
transmitted signal and the cost of the amplifier.By pre-coding 
the OFDM signals at the cost of a slightly more involved 
equalization process at the receiver and a slight power penalty

 

this problem can be solved; indeed, this technique is already 
being done in the LTE uplink.

 

The next is OFDM‟s spectral efficiency is satisfactory,

 

but 
it could perhaps be further improved if the cyclic prefixes (CPs) 
that prevent inter block interference were smaller or discarded 
and

 

if the requirements of strict orthogonality were relaxed.

 

The 
major source of concerns

 

or at least of open questions, is

 

whether OFDM is applicable

 

to millimeter Wave 
spectrumgiven the enormous bandwidths therein and the 
difficulty ofdeveloping efficient power amplifiers at those 
frequencies.

 

Concept of filter bank multicarrier (FBMC), transmission 
techniques is presented as a result of endeavors taken to 
overcome the inherent demerits associated with OFDM 
techniques.Interest in hardware accelerators comes

 

to play due 
to the tightening power budgets and performance limits.

 

Hardware accelerators are optimized functional blocks designed 
to offload specific tasks from general purpose CPUs. The 
analogous soft wares which are running in the CPU generally 
works in an sequential manner but due

 

to the optimized and 
dedicated architectures these blocks can

 

perform faster.

 

Current

 

4G round-trip

 

latencies are on the order of about 15 ms, and are 
based on the 1 ms

 

sub frame

 

time with necessary overheads for 
resource allocation and access.

 

For most current services this 
latency is sufficient,

 

anticipated 5G applications include two-

way gaming, novel cloud-based technologies such as those that 
may be touchscreen activated, and virtual and enhanced reality. 
In order support these applications 5G must be able to support a 
roundtrip latency of about 1ms, which is an order greater than 
4G.Here in this thesis

 

we are considering FBMC as the 
reference study using this hardware accelerator.

 

 

             II. THERORECTICAL BACKGROUND

 

A.FBMC

 

Traditional orthogonal frequency-division multiplexing 
(OFDM) schemes are generalized into FBMC (filter bank 
multi-carrier), allowing a nonrectangular sub-channel pulse 
shape in the time domain. The

 

major advantage of this scheme 
a better spectral containment that improves interference 
mitigation in several time-variant environments. The basic idea 
underlying this technique is to perform a nonrectangular pulse-
shaping as efficient as possible with the channel characteristics 
(time and frequency dispersion). In FBMC technique guard 
bands are reduced and cyclic prefix which is present in OFDM 
is

 

absent due to this from a transmission perspective, the FBMC 
technique has the potential to increase bit rate. The possibility 
to allocate different subcarriers to different unsynchronized 
users in a spectrally efficient manner is an another feature of 
FBMC .Compared

 

to OFDM

 

out-of-band emission of FBMC is 
much lower.

 

Comparatively higher spectral efficiency and capability of 
having a continuous transmission without guard intervals or 
cyclic prefixes are among the key inherent attractions.[3],[5]

 

Comparatively higher throughput is expected to be maintained 
with a continuous and efficient transmission. The other main 
advantage is much more efficient use of spectrum with lower 
spectral leakages or reduced amount of side lobes increasing the 
robustness against

 

ICI. FBMC is supported by two other main 
categories of concepts viz. theories of multirate techniques and 
theories of well localized filer design.

 

In 5G we use FBMC technique. In orderto address the 
drawbacks of rectangular time windowing in OFDM, the need 
for large guard bands, shows that

 

the use of filter bank 
multicarrier permits a robust estimation of very large 
propagation delays and of arbitrarily high carrier frequency 
offsets, whereas OFDM would have required a very long CP to 
attain the same performance levels.

 

Filter bank multicarrier is a development of OFDM.Using 
banks of filters that are implemented, typically using digital 
signal processing techniques. When carriers were modulated in 
an OFDM system, sidelobes spread out either side. With a filter 
bank system, the filters are used to remove these and therefore a 
much cleaner carrier results. The block diagram of FBMC 
consists of bandpass filters, mixers and an adder. The block 
diagram of FBMC is below

 

in fig 1.
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Fig 1. FBMC block diagram
 

 

A

 

trans-multiplexer structure can be used to explain a 
multicarrier

 

system,

 

i.e.by a synthesis analysis filter bank. The 
analysis filter bank consists of all the matched receive filters [7] 
and synthesis filter bank is composed of all the parallel transmit 
filters.In order to better localize the sub carriers FBMC 
waveforms utilize a more advanced prototype filter design. 
Frequency sampling technique is used for the prototype filter 
used in this paper. 

 

This

 

frequency sampling technique gives

 

the 
advantage of

 

using a closed-form representation that includes 
only a few adjustable design parameters. 

 

In the

 

case of filter bank-based systems, transmit pulses are 
localized in time and in frequency. By introducing half a 
symbol period delay between the in-phase and

 

the quadrature 
components of every complex symbolorthogonality between 
the carriers is maintained.

 

The well-adjusted frequency 
localization of the prototype filter guarantees that only adjacent 
carriers interfere with each other. This justifies the use of

 

FBMC waveforms in a non-synchronous context and 
particularly for the fragmented scenario. Nevertheless, adjacent 
carriers significantly overlap with this kind of filtering. In order 
to keep adjacent carriers orthogonal, real and pure imaginary 
values alternate on successive carrier frequencies and on 
successive transmitted symbols for a given carrier at the 
transmitter side.FBMC is a design that features a near-ideal 
filtering property that is innate to its formulation. In cognitive 
radios, the filtering capability of FBMC systems makes them 
the perfect choice for filling in the spectrum holes.

 

FBMC systems can be designed to be equally robust to 
channel time and frequency spreading. A perfect match to the 
applications such as PLC and DSL communication systems, 
where the channel is subject to a number of high-power 
interfering narrow-band signals the well-designed prototype 
filters in FBMC make this modulation

 

 

B.  Hardware accelerator

 
 

The hardware that performs the acceleration, when in a 

separate unit from the CPU, is referred to as a hardware 

accelerator.The acceleration design flow consists of three main 
tasks (Fig. 2). [8]The first and important step is finding the time 
critical function which is to be accelerated i.e. profiling the 
application running in the original system. The next step after a 
time-critical function is identified, it is necessary to execute the 
same function at gate level it is necessary to create an IP 
(intellectual propriety) core. There are two different ways to 
create hardware accelerators, first one is using HDL manually 
describing the target function, the other is using tools that 
automatically generate the HDL block directly from a C/C++ 
code or a Simulink model. 

In the next step inorder to connect the accelerator to the CPU an 
interface design is needed.[8]hardware accelerators can be 
hosted using Field Programmable Gate Arrays since they can 
perform highly optimized functions concurrently at gate level. 

Compared to general purpose cores designers rely on 
specialization to increase logic efficiency, which improves 
energy consumption and performance by 100-500x [9],[11].By 
limiting each accelerator to the workloads it was designed for 
accelerators achieve these gains at the expense of 
flexibility.Processors handle diverse set of workloads, 
accelerated systems must use  a number of  hardware 
accelerators to target these workloads. In order to prevent  I/O 
complexity and other bottlenecks, each accelerator must be 
small since many accelerators will be needed, and must 
communicate with other accelerators. The acceleration design 
flow is as shown below fig.2 

 
Fig 2. Acceleration design flow 
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III

 

.VERIFICATION

 

&IMPLEMENTATION

 

 

A. Verification

 

 

FBMC consists of a set of parallel filters.

 

The first step is 
verifying the FBMC block implementation. FBMC block is 
designed and verified using Simulink. Here we are considering 
a bandwidth of 1MHz and we are splitting it into five different 
frequency

 

bands using five Band Pass filters (BPF), each 
having a frequency range of 200 KHz. i.e 0-200KHz, 200 KHz-
400 KHz, 400 KHz-600 KHz, 600 KHz-800 KHz, 800 KHz –

 

1MHz. Here we are using five input signals 100 KHz, 300 
KHz, 500 KHz, 700 KHz and 900 KHzof equal amplitude. 
These signals are passed through the corresponding band pass 
filter banks. The output of the BPF is fed to corresponding 
mixer blocks which is used to modulate (up convert) the input 
signal. Here the carrier frequency used for modulation is 32MH 
and is fed as the local oscillator signal to the mixers. Each 
mixer will modulate (up convert)

 

the input signal and produce 
two different frequencies, one is the sum frequency (Fc+fm) 
and the other is the difference frequency (fc-fm). Then all the 
mixer outputs are combined using an adder block. The band 
width of the adder output will be 2MHz (32MHz +/-

 

1MHz, ie.

 

31MHz –

 

33 MHz).The output of the adder block is further up 
converted to 600MHz using another mixer at its output. 
600MHz is applied to the mixer as the local oscillator 
frequency. The final output will have these frequency 
components.

 

The block diagram in Simulink is as below

 

  

Fig 3. FBMC block diagram in simulink

 

 

 

One input to the final mixer is the adder output which 
consists of frequencies 31.1MHz,  31.3MHz, 31.5MHz, 
31.7MHz, 31.9MHz, 32.1MHz, 32.3MHz, 32.5MHz, 32.7MHz 
and 32.9MHz  and

 

the LO frequency is 600MHz. The sum 
output consists of the frequencies at 631.1MHz, 631.3MHz, 
631.5MHz, 631.7MHz, 631.9MHz, 632.1MHZ, 632.3MHz, 
632.5MHz, 632.7MHz and 632.9MHz. Similarly will obtain 
difference frequencies also.

 

 

Using the Simulink software we designed and verified 
the FBMC modulation, here only considered

 

the transmission 
part.

 

 

B. Implementation

 

 

1)

 

General purpose processors

 

General purpose processors are designed for a wide variety 
of computational tasks.

 
While considering the performance

 
of a 

system latency is the major concern. Typically latency is 
undesirable. Communication standards specify the delay 
tolerance between the components in the system.Additional 
latency occurred while we implement the physical layer on 
GPP is mainly due to two reasons they are

 


 

The latency introduced by the links which are used to pass 
the data between the radio DACs/ADCs and the GPP.

 


 

The latency due to the scheduling and buffering of the 
individual processing blocks in the physical layer.

 

 
The process under filtering is nothing but convolution. 

In order to find out the processing time for comparison we are 
considering two different coding one is in c code and the other 
is Mat lab

 
code

 

 

a)  C code 
 Filter is coded using the c code and it is verified using 

c free software. The processor used is Intel core I3 and the CPU 
clock speed is 2.4GHz. The execution time obtained is 31 ms. 

b) Mat lab code 
 Filtering is nothing but convolution operation. Mat lab 

code for convolution is executed in Intel core I5 processor with 
a CPU clock speed of 2.6GHz.The execution time for Mat lab 
code is 200ms. 

2)  Hardware accelerator 

 a)
 

Vivado
 

The most important stage in improving the performance of a 
system is finding the time critical function and minimizing it. In 
the case of FBMC technique which we are introducing in 5G 
the time critical function is the filtering part, so it can be 
improved using the hardware accelerator. Hardware accelerator 
is nothing but a set of hardware components which are specially 
designed to do a set of functions. So in the case of FBMC we 
can use the hardware accelerator to reduce the latency in the 
filter part. 
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The first step is implementing FBMC in the system 
generator as shown in the fig.4. FBMC system is designed and 
implemented in system generator and verified in Simulink.

 

The next step is converting this design to gate level

 

ie.

 

IP 
core generation. While converting the system generator block to 
an IP we can directly call that IP in the designing step and we 
can complete the implementation. After converting it in to IP 
we can generate the block design in Vivado. Then run the block 
diagram and synthesizing it, in the next step bit stream is 
generated. Finally compiling into hardware is done by using 
SDK. The output signal is obtained as in fig.5.

 

The hardware 
used here is ZYNQ 7020.

 

 
Fig 4. FBMC  in system generator 

 
 

 

Fig 5. Output signal of FBMC 
 

 

3)

  

Comparison

 

  

 In the case of general purpose processors, blocks are 
processed in a sequential way ie. each sequential process 
requires clock cycles. Because of that the total process time will 
be more compared to parallel processing. In the case of 
hardware accelerators they posses dedicated hardware for doing 
the parallel processing in a single clock, so the time for 
processing will be less. Such systems are more efficient. Here 
in this thesis work filter is implemented in c-code, Mat lab code 
and also using hardware accelerator. In the case of c code it 
takes 31 ms and in Mat lab code it takes 200ms and in the case 
of this hardware accelerator it takes 1.9µs. This difference 
occurs due to the parallel processing in the hardware accelerator 
which takes only fewer amounts of clock cycles to do the 
process.  

               IV. CONCLUSION 

   
Till 4G OFDM techniques are used in the communication 

field. The upcoming 5G technology requires more performance 
and efficiency since it provides wireless World Wide Web. 
Performance depends upon latency in the case of a 
communication system. If latency is less we can say that the 
system is more efficient. OFDM requires more bandwidth so 
we go for FBMC technique in 5G. The bandwidth of FBMC is 
very much improved since it uses bank of filters. The filter used 
is band pass. The guard band can be avoided in FBMC so it is 
more efficient. This FBMC is designed and implemented using 
Simulink. The next stage was finding the time critical function. 
The filtering part is the time critical function. First the filter part 
was implemented in GPP ie. in c code and in Mat lab code and 
the corresponding execution times were obtained. Then by 
using the system generator in Vivado software, an IP core is 
generated and compiled to hardware and the time required for 
filtering was obtained. The time required will be reduced by 
using the hardware accelerator i.e. the latency can be improved. 
Hardware accelerator is nothing but a set of hardware 
components which are dedicated to do different tasks. By doing 
the filtering part in GPPs and hardware accelerator, we can 
understand that the processing time can be reduced to µs from 
ms. Major goal of 5G is, reducing the delay to 1ms.  By doing 
the filter part in HA the processing time can be improved and 
the latency can be reduced. 
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