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Abstract— Orthogonal frequency division multiplexing (OFDM) is mainly divided to three types. cyclic prefix OFDM
(CP-OFDM), zero padding OFDM (ZP-OFDM), and time domain synchronous OFDM (TDS-OFDM). Compared to CP
OFDM, TDS-OFDM have higher spectral efficiency and faster synchronization. But TDS-OFDM cannot support higher
order modulation like 256QAM in low-speed vehicular channels and there will be performance loss over fast time-
varying vehicular channels. This paper introduce how efficiently use the compressive sensing (CS) theory to solve
those problems. Here First, cancelling the interferences if present, and use the idea of inter-block-interference (IBI)-
free region of small size to reconstruct the high-dimensional multipath channel. Second, propose the parameterized
channel estimation method based on priori aided compressive sampling matching pursuit (PA-CoSaMP) algorithm to
achieve reliable performance over vehicular channels. TDS-OFDM have Partial channel priori, so by using this
performance can be improved and reduce the complexity of the algorithm.

Index Terms— Time domain synchronous OFDM (TDSOFDM), mutual interferences, compressive sensing (CS),

compressive sampling matching pursuit (CoSaMP).

1 INTRODUCTION

Vehicular communications is associate degree rising
tech-nology. economical transmission of knowledge is
that the key part of transport communications. OFDM
plays a very important role in transport
communication attributable to it’s high spectral
potency and glorious strength to multipath
attenuation channels.

There are primarily 3 forms of OFDM-based block
trans-mission schemes: cyclic prefix OFDM (CP-
OFDM), zero arti-fact OFDM (ZP-OFDM), and time
domain synchronous OFDM (TDS-OFDM). the
quality CP-OFDM is often used, that utilizes the CP to
eliminate the inter-block-interference (IBI) and inter-
carrier-interference (ICI). The CP is replaced by zero
samples in ZP-OFDM to beat the channel null
drawback. TDS-OFDM uses a proverbial PN sequence
supported the construct of joint time-frequency
process. this could be used because the guard interval
and coaching sequence (TS) for synchronization and
channel estimation. CPOFDM and ZP-OFDM needs
several variety of pilots, however this could be saved
in TDS-OFDM. Thus, TDS-OFDM has higher spectral
potency than CP-OFDM and ZP-OFDM. additionally
this TDS-OFDM  have quick and reliable
synchronization compared to the others. this could
additionally utilized in digital tv terrestrial
broadcasting (DTTB) normal known as digital

terrestrial multime-dia/television

(DTMB).

broadcasting

TDS-OFDM consists of TS & OFDM knowledge block.
This TS and therefore the OFDM knowledge block
cause mu-tual interferences to every different. to
realize reliable time-domain channel estimation and
frequency-domain knowledge detection in TDS-
OFDM systems, interference cancellation technique
should be used . This ends up in 2 issues of TDS-
OFDM!: initial, in low-speed transport channels, it's
troublesome to utterly cancel the residual interference
once the channel delay unfold is giant, that drawback
can result in the issue of supporting high-order
modulations like 256QAM (currently, TDS-OFDM
will support 64QAM at most); Second, thanks to the
mutual condition of correct channel estimation and
reliable knowledge detection, the performance
degradation can occur. This cause to performance loss
over quick attenuation channels. several strategies ar
accustomed solve those issues, however the
development isn't obvious. to unravel that issues
initial realize the distinctive word OFDM (UW-
OFDM) theme, that use redundant pilot at intervals
the OFDM knowledge block to get the TS, so it will
take away the take away the interference from the TS
to the OFDM knowledge block, however this answer
doesn't solve the interference from the OFDM
knowledge block to the TS, and therefore the inserted
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pilots suffer from terribly high average power
additionally. therefore another technique is locate,
that's the dual-PN OFDM (DPN-OFDM) theme, here
as name implies there's an additional PN sequence is
inserted. This further PN sequence is employed to
avoid the interference from the OFDM knowledge
block to the second PN sequence, this even have a
drag, that it results in reduction in spectral potency,
particularly once the guard interval length ought to
be long in transport communications.

Here adopt theory of compressive sensing (CS) to
unravel those 2 issues of TDS-OFDM. the most
contributions of this paper ar initial, cancelling the
interferences if gift, and use the thought of inter-
block-interference (IBI)-free region of tiny size to
reconstruct the high-dimensional multipath channel.
During this method TDS-OFDM system model was
developed. Then supported the classical atomic
number 55 formula known as compressive sampling
matching pursuit (CoSaMP), here propose the priori
power-assisted CoSaMP (PA-CoSaMP) formula by
exploiting the joint time-frequency process feature of
TDS-OFDM, wherever by the contaminated TS in
TDS OFDM is employed to accumulate partial priori
of the channel. Compared with CoSaMP, the
projected PA-CoSaMP formula have several benefits,
it reduces the specified variety of observations and
therefore the complexness is additionally reduced.
supported the PA-CoSaMP formula channel
estimation are often effectively done. so transmitted
knowledge are often properly received, this can be
helpful in transport communication.

2 INTRODUCTION TO TDS OFDM
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Figure 1: Three types of OFDM-based transmission: (a) CP-
OFDMV; (b) ZPOFDM,; (c) TDS-OFDM

OFDM could be a very talked-about and
extremely vital modulation technology that's wide
utilized in wireless communication and broadcasting
systems. during this technology every carriers ar
orthogonal to at least one another, in order that they
ar all freelance of every different. the essential
principle of OFDM is to separate a high rate
knowledge stream in to range of lower rate streams
that ar transmitted at the same time over variety of
sub carriers. There ar several benefits and downsides
to OFDM. benefits ar, Immunity to delay unfold &
multipath, makes economical use of the spectrum by
permitting overlap, is a smaller amount sensitive to
sample temporal order offsets than single carrier
systems ar. OFDM has conjointly some
disadvantages, they're Sensitive to carrier frequency
offset, high peak to average power magnitude
relation, would like FFT unit at the transmitter and
receiver. The 3 style of OFDM ar shown in figure one.

TDS OFDM transmission belongs to the
broad family of orthogonal multicarrier modulation
schemes that uses a IFFT/FFT because the key process
methodology. the precise feature that distinguishes it
from others OFDM technique could be a PN sequence
with sensible autocorrelation property inserted
between consecutive info symbols. A TDS OFDM
system model that include PN sequence and a OFDM
information block that's shown in figure four.
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Figure 2: Distinct features of the interferences in TDS-OFDM

2.1 TDS OFDM System Model
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Figure 3: Block diagram of TDS OFDM system model

Time domain synchronous OFDM (TDS-OFDM)
could be a completely different modulation theme
that uses pseudorandom noise (PN) sequence as a
guard interval between consecutive information
blocks. This PN sequence will moreover be used as a
coaching sequence (TS) for synchronization and
channel estimation. TDS-OFDM is best than the CP-
OFDM, that's it’s spectral potency is higher since no
pilots area unit needed. so TDS-OFDM has been select
because the key technology of the international digital
tv terrestrial broadcasting (DTTB) normal.

Time domain synchronous OFDM consists
of TS and OFDM knowledge block, this TS and also
the OFDM knowledge block in cause IBI to every
alternative. this is often usually solved victimisation
unvarying interference cancellation algorithms, that
but suffer from high complexness and poor
performance over frequency-selective multipath
channels, particularly once the channel is varied quick
at identical time, i.e., the channel is doubly selective.
Consequently, this cause the 2 issues of TDS-OFDM
as mentioned in introduction.

& Computing complexity is hig

The new compressive sensing (CS) theory, that is
essentially completely different from the classical
Shannon-Nyquist sampling theorem, has the
flexibility to unravel those 2 open issues of TDS-
OFDM. Figure three is that the diagram of the system
model. each transmitter and receiver section square
measure shown .After the modulation and
interleaving knowledge regenerate to time domain,
then the PN sequence is more. At the receiver section
channel estimation is completed and every one the
reverse method that square measure exhausted the
transmitter square measure done, that's removal of
PN sequence, FFT, and de-interleaving, bit error rate
calculation is additionally done here. TDS OFDM that
is shown in figure four.
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Figure 4 : TDS OFDM

3 COMPRESSIVE SENSING
3.1 CS Based TDS OFDM

Compressive sensing could be a new kind of
sampling theory, Compressive sensing systems
directly translate analog knowledge into a
compressed digital type. during this project,
exploiting the compressive sensing (CS) theory to
unravel the 2 mentioned open issues of TDS-OFDM.
For typical TDS-OFDM, incorporates TS and OFDM
knowledge block, this can cause IBI to every different
that couples the channel estimation dispense with the
information reception half, and contrariwise. it's
terribly troublesome to fully cancel the IBI caused by
the OFDM knowledge block although the channel
estimation is ideal, since the OFDM knowledge block
is unknown and its excellent detection is difficult over
doubly selective channels. thus specialize in
decoupling this reciprocally logical implication
between channel estimation and knowledge
reception.
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Figure 5 : Transmission scheme comparison: (a) TDS-OFDM
with DPN; (b) TDS-OFDM based on CS

As shown in Figure five, during this new
projected CS-based TDS-OFDM approach, the most
concept that interferences ought to be removed, here
the tactic is ignoring the IBI obligatory on the received
TS, however choosing solely atiny low portion of the
IBI-free region that is found at the last a part of the
received TS to reconstruct the high-dimensional
distributed channel impulse response (CIR) by
exploiting signal recovery algorithms from atomic
number 55 theory. it's necessary that a priori info on
the wireless channel is needed to get low-complexity
atomic number 55 algorithms that what is more
integrate well with the TDS-OFDM theme. For the
projected CS-based TDS-OFDM theme, channel
estimation performance is predicted to be solely
addicted to the received samples within the IBI-free
region and therefore the atomic number 55 signal
recovery algorithmic program, however irrelative to
the information reception performance as in standard
TDS-OFDM systems. By decoupling the reciprocally
conditional relationship between channel estimation
and knowledge detection , which permit for high-
order modulation and a considerably improved
performance over doubly selective weakening

channels.

The figure indicates that though the received
TS in TDS-OFDM might contain some interferences
from the preceding OFDM knowledge block, there
will exists AN IBI-free region y = [dt-1, dt,...,dm1]T of
little size G =M - L + one immune from the IBI at the
top of the received TS:

y=Ch+n 1)

where n is that the AWGN subject to the
distribution of CN(0, 0’IG), and @ may be a matrix.
As illustrated by Figure. five since the dimensions of
the IBI-free region G is sometimes little, it's not
possible to seek out the distinctive resolution to the
underdetermined mathematical downside if the
amount of observations G is smaller than the
dimension of the unknown CIR vector h, i.e., G<L (or
M < 2L + 1). That’s the mathematical reason why we
have a tendency to attempt to reach a whole “pure”
TS of length M (M = L) in standard TDS-OFDM by
unvaried interference cancellation. or else, as shown
in Figure 5(a), the DPN-OFDM theme obtains such
“pure” TS by inserting an additional TS at the value
of clearly reduced spectral potency, whereby the
second TS of length M are often directly wont to
estimate the L-dimensional CIR. However, the
ground-breaking atomic number 55 theory has
proved that the high-dimensional target signal are
often dead reconstructed by finding the
underdetermined downside if the target signal is
(approximately) distributed, i.e., the amount of
nonzero entries of the signal is far smaller than its

dimension.

Fortunately, varied theoretical analysis and
experimental results have verified that wireless
channel is distributed in nature, i.e., within the CIR
model, the dimension L of the CIR perhaps massive,
however the amount of active methods S with
important power is sometimes little (S << L),
particularly in band wireless communications
.Therefore, as shown in Figure 5(b), the perfect of
exploiting the IBI-free region of the received TS to
accurately recover the distributed CIR with none
interference cancellation becomes possible beneath
the new framework of atomic number 55 theory.
Consequently, the reciprocally conditional
relationship between the time-domain channel
estimation and frequency-domain knowledge
detection in standard TDS-OFDM are often
decoupled while not dynamical this infrastructure or

reducing the spectral potency.

3.2 Channel Estimation In OFDM
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Orthogonal frequency division multiplexing
(OFDM) provides an effective modulation technique
which is commonly used in wireless communication
systems, it have low complexity and it can
eliminating inter symbol interference for transmission
over frequency selective fading channels. If multiple
transmit and receive antennas are deployed, an
OFDM receiver requires Channel state information
(CSI) to perform coherent detection and diversity
combining. This channel state information can be
correctly estimated at the receiver by transmitting
pilots symbols with data symbols. This Pilot symbol
based channel estimation is especially useful for
wireless links, two major types of pilot arrangement
such as block type and comb-type pilot are commonly
used.

Frequency

Time

Figure 6 : (a) Block type pilot arrangement and (b) comb type

pilot arrangement

For an OFDM mobile communication
system, the channel transfer function at each of the
subcarriers are appears unequal in both frequency
and time domains. Therefore, a correct estimation of
the channel is always required. Pilot-based channel
estimations are widely used to estimate the channel
properties and it will correct the received signal. As
said previous here two types of pilot arrangements,
shown in Figure 6 are investigated. The first figure of
shown in Figure 6(a), is denoted as block-type pilot
arrangement. Here the pilot symbols are sent
periodically in time-domain and is mainly suitable for
slow-fading radio channels. Because here the training
block contain all pilot symbols. The second kind of
pilot arrangement, shown in Figure 6(b), is denoted as
comb-type pilot arrangement. In this case, the pilots
are uniformly distributed within each OFDM block.
This type pilot arrangement provides better resistance

to fast-fading channels. And it also have high re-

transmission rate.

4 COSAMP & PA-COSAMP ALGORITHM
Compressive sampling (CoSa) is a new
method for data sampling technologies. This is based
on the principle that many types of vector-space datas
are compressible. Here the important idea is that
randomized dimension reduction preserves the
information in a compressible signal, based on that it
is easy to develop hardware devices that will
implement this dimension reduction very efficiently.
The major computational challenge in CoSa algorithm
is to reconstruct a compressible signal from the
reduced representation which is acquired by the
sampling device. The CoSaMP algorithm is a greedy
iterative method, used for reconstructing a signal
from compressive samples. sampling operator @ is
the input to the algorithm have, u is the samples, s is
the target sparsity level, and last there is a halting
criterion. then impose the following hypotheses:

e s is the sparsity level, which is fixed, and the
m x N sampling operator @ has restricted
isometry constant dss <0.1.

e The vector of samples u=Px +e.

e  The noise vector e € Cm is also arbitrary.

Here the algorithm is initialized with a
trivial signal estimate, which means that the initial
residual is the entire unknown target signal. Each
iteration of this algorithm then consists of five major
steps. Identification, support merger, estimation,
pruning, sample update. These five steps are repeated
until it satisfied the halting criterion . This is the major
steps of this algorithm. CoSaMP still has high
complexity for real-time implementation. Then the
PA-CoSaMP based parameterized channel estimation
scheme, whereby partial priori of the channel
available in TDS-OFDM is exploited to reduce the
complexity and improve the performance of the
classical CoSaMP algorithm. Comparing the proposed
PA-CoSaMP algorithm with the classical CoSaMP
scheme , it can find that they share quite similar
procedure, but they are different in the following
three aspects:

1) Initialization. Unlike CoSaMP where the initial
approximation of the target signal a0 is set as a
zero vector because no priori of the signal is
available, here approximate the initial guess as
a%/Dg « @Sy, by exploiting the obtained partial
path delays D, of the CIR (or equivalently, the
locations of the corresponding nonzero elements).
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Accordingly, the initial residual signal u «— y
—-@a° is used in PA-CoSaMP to replace its
counterpart u < y in CoSaMP.

2) Large component identification. Unlike
CoSaMP where the 25 largest components of
the signal proxy p are identified in each
iteration, we leave the 250 largest entries
unchanged, and identify the next 2(S - S0)
largest ones instead.

3) Halting criterion. Instead of the fixed
number of iterations S usually adopted in
CoSaMP, only S -50 times of iterations are
required in PA-CoSaMP.

Compared with classical CoSaMP algorithm, the
proposed PACoSaMP can reduce the complexity due
to channel priori is used, and the required number of
observations for reliable signal recovery is reduced.

5 SIMULATION RESULTS
5.1 TDS OFDM

This is the BER versus SNR waveform of
TDS OFDM. From the graph it is clear that when the
signal to noise ratio is increased bit error rate is
decreasing. In digital transmission, the number of bit
errors is defined as the number of received bits of a
data stream over a communication channel. It is the
number of bit errors divided by the total number of
transferred bits that is during a time interval. It can
say that BER is the fundamental parameter to access
the quality of any digital transmission. Here QAM
modulation technique is used for the designing of this
system model. Compared to other modulation
technique when using QAM bit error rate is
decreased, BER gives the measurement of quality of
recovered data. So it is clear that here in this system
model the received data is almost perfect because of
it“s low BER. Here MATLAB tool is used for the
simulation.

Figure 7: Output waveform of TDS OFDM
5.2 BASIC CHANNEL ESTIMATION

The figure 8 shown is the output waveforms
of basic channel estimation. In that the first figure is
the transmitted signal, here the data points are taken
4000. Then the OFDM signal is shown in next graph,
after that PN sequence is generated. That is used for
the channel estimation purpose. After perfect channel
estimation the original data can be recovered shown
in last figure.
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Figure 8 : Output waveforms of basic channel estimation
5.3 CoSaMP Alorithm

The figure 9 shown above is the output
waveforms of this CoSaMP algorithm. Here first
developing a sparse signal “x* shown in (A) and add
noise & extract signal that is the CoSaMP recoverd
sparse signal “Xk“ shown in (B). And find the error
rate between the two.This is a basic CoSaMP
algorithm using MATLAB.
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Figure 9 : Output waveforms of CoSaMP algorithm (A)
Sparse signal (B) CoSaMP recovered sparse signal

5.4 PA-CoSaMP Algorithm

CoSaMP algorithm has high complexity for real-time
implementation. So propose the PA-CoSaMP based
parameterized channel estimation scheme, whereby
partial priori of the channel available in TDS-OFDM
is exploited to reduce the complexity and improve the
performance of the classical CoSaMP
algorithm.Figure 10 (A) & (B) is the error rate
comparison of conventional OFDM. Figure (C) is the
corresponding comparison of conventional OFDM &
PACoSaMP. From this it is clear that error is reduced
in the PACoSaMP algorithm.
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Figure 10 (C) : MSE vs SNR of conventional OFDM & PA-
CoSaMP

6 CONCLUSION

This paper proposes the compressive
sensing based TDSOFDM transmission scheme to
solve two open problems of conventional TDS-OFDM
systems. For that it uses a algorithm, PA-CoSaMP.
Compared with classical CoSaMP algorithm, the
proposed PACoSaMP can reduce the complexity due
to channel priori is used, and the required number of
observations for reliable signal recovery is reduced.
Time domain synchronous OFDM (TDS-OFDM) has
higher spectral efficiency and faster synchronization
than standard cyclic prefix OFDM (CP-OFDM). By
using CS based TDS OFDM it can support higher
order modulation schemes and can avoid the
performance loss over fast time-varying vehicular
channels.We can done channel estimation by MIMO
OFDM as a future development.
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