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Abstract

(OFDM)

Wireless communication channel usually show the feature of time-varying; however, the time-varying channel has
the characteristic that the channel structure within the adjacent time slots having serious time correlation. Therefore,
how to use the time slow-changing characteristics of the channel to design the suitable channel state information
acquisition method is of great significance to further improve communication performance with low communication
bit error rate (BER) for OFDM communication system. The distributed compressed sensing (DCS) is proposed for the
phenomenon that multiple sparse signals with time correlation. Based on the DCS theory framework, this article will
re-build a time-domain channel estimation method with joint structure by improving the synchronous orthogonal
matching pursuit (simultaneous orthogonal matching pursuit, SOMP) algorithm to get better channel information
acquisition performance. Simulation results demonstrate the effectiveness of the proposed channel estimation method.
Compared with the conventional compressed sensing-based channel estimations which perform at each time
separately, the method proposed has better performance in terms of BER.
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1 Introduction

Compressive sensing (CS) [1-3] as a new signal processing
theory, when the signal is sparse in an orthogonal trans-
formation domain, it can be under-sampled at a frequency
far lower than Nyquist sampling rate, then the original
sparse signal is recovered by nonlinear reconstruction
algorithm with high probability. CS theory provides a new
solution for traditional channel estimation, which has been
applied to the channel estimation of a communication sys-
tem by many scholars. Cotter and Rao proposed sparse
channel estimation based on matching pursuit (MP) algo-
rithm [4] for single-carrier communication system [5, 6].
Dongming and Bing extended the above sparse channel
estimation method based on MP to the MIMO-OFDM
multicarrier communication system [7]. Based on literature
[8], C. R, Berger, S. Zhou, and others deeply studied the
sparse channel estimation method based on CS, proposed
an OFDM frequency domain channel estimation algorithm
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and analyzed the advantages and disadvantages of various
sparse reconstruction algorithm, the simulation and experi-
ment show that the bit error rate of BP channel estimation
algorithm can reach lower bit error rate, which is far less
than that of LS channel estimation [9]. In addition, the
team mentioned above also conducted other CS-based
channel estimation studies in 2010 and 2011, which all
verified the superiority of CS-based algorithm over trad-
itional algorithm [10, 11]. Compared with the traditional
pilot aided method, CS-based method greatly reduces the
number of insertion pilot frequencies and improves the
communication efficiency when the performance of the
channel estimation remains unchanged. But in the study of
the CS theory applied to the channel, the CS reconstruc-
tion algorithm is based on the static sparse signal, only con-
sidering the sparse reconstruction of the single observable
signal at a certain point of time. However, the high-speed
mobile communication channel is often regarded as a
coherent multipath channel with slow time-varying, the
traditional channel estimation method based on static CS
will seriously reduce the efficiency of channel estimation.
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At present, some scholars have begun to study the applica-
tion of compressed sensing for the processing of
time-varying sparse signals. The existing research results
show that for the dynamic characteristics of time-varying
sparse signals, if the random signal processing method is
used to conduct a dynamic reconstruction, a better sparse
reconstruction effect will be obtained.

To sum up, the traditional channel estimation method
has the disadvantages of high pilot cost and low spectral
efficiency, the classic static CS channel estimation
method has good performance of channel estimation,
but due to the high complexity of the calculations,
especially poor performance for tine-varying channel
estimation. In this paper, based on this background,
considering high-speed mobile communication channel
is time-varying sparse and statistical dynamic, therefore,
based on OFDM technology as the basic framework, a
dynamic CS channel estimation method for high-speed
vehicular communication channels is studied to further
improve the performance of channel estimation and re-
duce the computational complexity of the algorithm.

2 Methodology
For DCS theory, the most typical application scenario is
that multiple sensor nodes observe signals at the same time.
These observed signals are usually non-sparse, but can be
sparse represented under some sparse basis. More import-
antly, there is a certain correlation between the signals.
When the corresponding signal is independently observed
by each sensor, the original signal set can be recovered ac-
cording to the observation results of each sensor node, and
the reconstruction effect is better than that of each sensor
node. Thus, it can be seen that the research object of DCS
theory is the signal set with joint sparse characteristics. By
analyzing the correlation structure between each sparse
signal and adopting the strategy of joint signal recovery, the
better sparse signal reconstruction effect is obtained.

This section will focus on JSM-1 and JSM-2 models
commonly used in joint sparsity models (JSM):

(a) ISM-1
In the JSM-1 model, each signal in the observed signal
set is composed of a common sparse part and a separ-
ate sparse part. Among them, all the signals contain a
common sparse part, and the separate sparse part in
each are not identical, meanwhile, the common sparse
part and separate sparse part can be sparsely repre-
sented through the same sparse basis. The following is
the mathematical description of this model:

X/:Zc+Zja j€{1727~~~7]} (1)

Where Z,=W0, represents the common sparse part of
the signal, |1 0, Il o = K, represents Z is the sparse signal
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of K., Z;=¥0; represents the separate sparse part of the
signal, and [l 8; Il o = Kj represents Z,; is the sparse signal
of K;. In addition, the common sparse part only means
that the coordinate of non-zero coefficient of the signal is
the same, that is, the support set is the same.

(b) JISM-2

Unlike the JSM-1 model, all signals in the JSM-2
model have the same sparse support set but different
non-zero coefficients. In this model, all the original signals
can be constructed by the same sparse basis, and the
mathematical representation is as follows:

Where [10,ll, = K denotes that the sparsity of all signals
is K. For the JSM-2 model, its typical application scenar-
ios include MIMO communication, sound localization,
etc. SOMP algorithm is also based on this model.

2.1 The system model

The OFDM channel estimation method based on CS is
to transform the problem of OFDM channel estimation
into the problem of sparse signal reconstruction, which
is solved by the CS reconstruction algorithm. Specifically
expressed as

Yp = XpFph + Wp = Ah + Wp (3)

In the above equation, for the receiver, Yp Xp Fp are
all known and h satisfies the sparse characteristic.
Therefore, it is a typical CS theoretical model, which can
reconstruct the time-domain channel response /4 by
using the /; minimum norm method or greedy algorithm
with high probability.

On the other hand, high-speed mobile communication
channel is considered to be slowly time-varying, and the
channel coherence time is greater than the symbol period
of OFDM. Within each OFDM symbol, the sparse multi-
path structure of communication channels remains un-
changed. Therefore, the channel estimation method based
on CS above is often carried out in a way of symbol-by-
symbol, that is, the guide frequency is inserted into each
OFDM symbol, and the impulse response of the channel is
estimated by the receiver symbol-by-symbol. Although this
method is simple and practical, it does not take into ac-
count the slowly varying characteristics of the high-speed
mobile communication channel. Due to the channel
change rate is slower than the OFDM symbol rate, channel
impulse response has strong correlation within the
duration of several consecutive OFDM symbols, namely,
the corresponding channel response of each symbol have a
common sparse part. The performance of channel estima-
tion in OFDM system can be further improved if the
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characteristic of common sparse of channel response at
each time can be fully utilized.

Based on this, the relevant literature, under the frame-
work of DCS theory, converts the channel estimation under
the slow time-varying channel into the problem of joint
sparse recovery under the JSM-2 model, and carries out the
joint sparse recovery through the SOMP algorithm to
obtain channel response, which is introduced as follows:

According to Eq. (3), if the channel estimation within
the time of continuous T OFDM symbols is taken into
account, then

YY) = AnY + w)
YY) = An®? + W @)

Y = An™® 4wl

Where Y}f),h(t),Wg) respectively represents the
receiving signal at the pilot frequency, the impulse
response of the time domain channel and the noise in
the frequency domain of the tth consecutive OFDM
symbol, 1 <¢<T. When the channel changes slowly, the
channel response h" corresponding to 7T consecutive
OFDM symbols owns time correlation and common
sparsity. By making full use of this common sparsity
between signals, the channel estimation of multiple
consecutive symbols can be considered as a whole, then
the channel response h can be restored by joint sparse
reconstruction instead of independent channel estima-
tion of single OFDM symbol.

For the joint sparse model in Eq. (4), the following
problems of optimization are constructed to solve the
joint channel estimation:

T T
H= arg minz (15— Z HYg)—Ah“>
=1 =1

2
<€
2

(5)

In Eq. (5), € is the parameter related to noise. The
optimization problem above can be obtained by a joint
reconstruction algorithm corresponding to JSM-2 model.
This paper mainly discusses SOMP algorithm.

2.2 Time domain joint channel estimation based on SOMP
algorithm

Signal sets constructed by different JSM models require
different joint recovery algorithms to recover the signal.
SOMP algorithm is a classic joint recovery algorithm in
JSM-2 model, which was proposed by Tropp and Gilbert
and then introduced into DCS environment by Baron
[12]. As an improved greedy algorithm based on OMP
algorithm, SOMP algorithm selects the atoms that best
matched with the residual error to update the support
set in each iteration and completes joint recovery of the
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signal set through multiple rapid iterations. However, the
biggest difference between SOMP algorithm and OMP
algorithm is that OMP algorithm is to select the atomic
set that best matches the residual error of a single signal,
while SOMP algorithm selects the atomic set that best
matches the residual error of the whole signal group.

Combined with the basic principles of SOMP algorithm

and the OFDM channel estimation model derived above,
the time domain joint channel estimation based on SOMP
algorithm is given. The specific steps are as follows:

1. Input: receive pilot signal Yp = [Y1(-)1>,Yp(2>7 R
Yp(T>]; the perception matrix A; maximum sparsity
K of high-speed mobile communication channel.

2. [Initialization: make the signal residual r(()’> =YW i
=1,2,--, T, the upper label represents the ith
OFDM symbol, and the lower index represents the
number of iterations. The index set Ag= ;
reconstructed atomic set ®y= ; number of
iterations ¢ =1.

3. Iteration process: the fth iteration.

Step 1: Take the inner product of the perceived

matrix A and the residual rgl_)l, and find the inner
product sum corresponding to T OFDM symbols,
then calculate the maximum position A; of the
inner product sum:

T o
A = arg max,-Z‘<A,-,r£l_)l>‘ (6)
=1

Where A; represents the jth column atom of the
perceptive matrix A;
Step 2: Update the index set and the reconstructed

atomic set:
Ay = N1V
, = VA, @)

Step 3: Using LS algorithm to calculate the
multipath coefficient corresponding to each symbol:

flﬁi) = arg min||Y,V-®h"|,,i=1,2,-- T (8)

Step 4: Update the residual according to the
estimated value of channel impulse response:

0 = Yp-why i =12, T 9)
Step 5: Judge whether the condition ¢ = K is
satisfied. If it satisfied, then stop iteration. If not, let
t=t+1, execute step 1.

4. Output: channel impulse response estimated value

h— [A(l), A(2)7 ~~~,f1(T)]

OFDN symbol.

corresponding to each
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2.3 Analysis on the disadvantages of SOMP algorithm

For the phenomenon that multiple sparse signals are corre-
lated in distribution, DCS theory can further improve the
recovery performance by utilizing the common sparsity
between signals on the basis of classical CS theory, which
has been widely studied and applied in wireless sensor
network and MIMO communication.

However, the path delay of the actual high-speed mobile
communication channel may change in multiple OFDM
data symbols, and even the path generation and death
may occur. The above time domain joint channel estima-
tion based on SOMP algorithm assumes that the channel
shares the same path time delay set in several continuous
data symbols, which is obviously difficult to be completely
satisfied and inconsistent with the actual situation! In
addition, from the above description of the channel time
correlation, it can be seen that the support sets for the
channel sparse paths in adjacent OFDM symbols are not
identical, in other words, there is a separate sparse mul-
tiple paths between the symbols, and therefore the JSM-1
model is clearly more compliant with the characteristics
of the slowly varying high-speed mobile communication
channel.

2.4 OFDM channel estimation based on improved SOMP
algorithm

Through the analysis of time correlation of slow time-
varying high-speed mobile communication channel, it
can be seen that the JSM-1 model in DCS theory is more
consistent with the characteristics of high-speed mobile
communication channel than the JSM-2 model. In the
JSM-1 model, each signal is composed of the common
sparse part and the separate sparse part, so we can
divide the channel path delay into two different parts,
namely, the common channel tap and the dynamic
channel tap. On the basis of this separation, an
improved SOMP algorithm is proposed in this paper to
reconstruct a time-varying sparse channel, the key idea
of the proposed algorithm is to first simultaneously
detect the common channel tap of the sparse channel in
all OFDM data symbols, and then to use the path of the
common channel tap as the initialization set in the
dynamic channel tap tracking procedure, in order to
track the dynamic channel tap and eliminate the wrong
tap of the initialization set.

Combined with the symbol-by-symbol OFDM channel
estimation model, the OFDM channel estimation process
based on the improved SOMP algorithm is presented. The
steps are as follows:

1. Input: receive pilot signal Yp = [Yg,l), Y, o)
Yp<T)}; the perception matrix A; maximum sparsity
K of high-speed mobile communication channel.
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2. Part 1: detection of common channel tap

Ao = SOMP(Yp, A, K) (10)

3. Part 2: detection of dynamic channel tap
Initialization: the index set l"(()w = Ay; reconstructed

atomic set CD(()Z‘> = A,,; channel impulse response

fl((;) = AROYg); residual r(()i) = Yg>—d)g)flél); number
of iterations £ = 1. In all the above symbols, the
superscript represents the ith OFDM symbol, and
the subscript represents the number of iterations.
Iteration process: the tth iteration.

Step 1: Find out the column index A, corresponding
to the atom with the greatest correlation between
residual error r§?1 and the perception matrix A, and
update the index set and reconstructed atomic set.;

Aii) = arg max}-‘<A/,r£? >‘
rgi) = Fﬁi)lu)ty)
o) = o uA

(1)

Step 2: Using the LS algorithm to find the channel
response in each symbol;

- (0)

h,” = arg minHYg)—CDy)h(” (12)

2

Step 3: Retain only the largest K coefficients in fliD,

and update the index set 1"9 and reconstructed

atomic set (Dgi), use the LS algorithm to recalculate

ﬁ(i),
t )

Step 4: Update the residual:

i) = v o'y’ (13)

Step 5: Judging whether the condition ||r£i) Il

< ||rt(’7)1||2 is satisfied. If so, let t=¢+ 1 then return

to step 1. Otherwise FED = 1"5?1, flii) = arg min
||Yg)—®£i>h(i) [|,, the iteration process en(c%)s. o
4. Output: channel impulse responseh =[h" " ,h"™", -

fl(T>]

) bl

The core steps of improved SOMP algorithm include
two parts: common channel tap detection and dynamic
channel tap tracking. The first part of the common
channel tap detection is intended to estimate the com-
mon path delay set Ag of each symbol, which is consid-
ered to contain the most real common channel taps. In
this algorithm, this step is completed by the classical
SOMP algorithm. After this, the time delay set A, is
used as the initial support set for dynamic channel tap
tracking within each symbol.
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In the second part of the algorithm, the dynamic channel
tap tracking is designed to track the different time-varying
channel taps within different OFDM symbols, namely, the
separate sparse part in the JSM-1 model. Within each
symbol, the common path delay set A, obtained in the first
part of the algorithm is used to initiate the dynamic track-
ing process. Through each iteration, the size K of the path
delay set remains unchanged and only the reconstruction
effect is enhanced. In addition, reliable or incorrect channel
taps can be added or removed from the path delay set
during each iteration. Benefit from the detection of the
common channel tap, the dynamic channel tap tracking
process can rapidly approach the real path delay set, and

when the residual error signal r@ is no longer reduced,

namely, ||r£i) I, < ||r§i>1 ||, the process will be terminated.

3 Simulation results and discussion

3.1 Parameter settings

In order to verify the effectiveness of the algorithm, the pro-
posed channel estimation based on the improved SOMP al-
gorithm is simulated and analyzed, and the proposed
algorithm is compared with other similar algorithms in this
section. In the simulation system, the total number of sub-
carriers of OFDM system is set to 256, the protection inter-
val length is 64 cyclic prefixes, and the number of pilot
frequencies inserted by a single OFDM symbol is 32 pilot
frequencies according to the data. The pilot insertion mode
is determined according to the channel estimation method.
The conventional LS channel estimation adopts comb pilot
insertion with equal interval, but the channel estimation
based on CS adopts random pilot insertion. All modulation
modes adopt QPSK modulation, and there is no channel
coding, the receiver assumes full synchronization.

Because the proposed algorithm is based on the JSM-1
model, the sparse multipath setting in channel simulation
includes the common sparse multipath and dynamic sparse
multipath. Where the common sparse multipath exists
within each symbol, the delay position remains unchanged,
only the amplitude changes with time, and the dynamic
sparse multipath within each symbol is generated ran-
domly. All sparse multipath are independent of each other,
and the gain follows the complex Gaussian distribution of
zero mean and decays exponentially. Assuming that the
channel length L = 60, each multipath time delay is an inte-
ger multiple of the system sampling interval without energy
leakage. Under the condition of high-speed mobile commu-
nication channel, the channel state remains unchanged
within an OFDM symbol period, and each OFDM symbol
is independent of each other.

3.2 Results discussion
Based on the above system simulation parameters, the
following sets of the simulation are made in this paper:
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(a) The effect of the number of common channel tap
on the performance of the channel estimation
algorithm
Since the proposed algorithm is based on the JSM-1
model, the proportion of common and separate
sparse paths in the channel will influence the chan-
nel estimation algorithm. When the number of
common sparse multipath increases, the correlation
of the channel multipath sparse structure within
the adjacent OFDM symbol is enhanced, and vice
versa. In this simulation, the maximum sparsity K
of the channel is 10, and the number of the public
channel taps is represented by the time correlation
L. The specific value varies from 2 to 8. The simula-
tion results are shown in Fig. 1. In addition to the
algorithm mentioned in this paper, LS, OMP,
SOMP, and Oracle-LS algorithms are also used as
comparison algorithms. It can be seen from Fig. 1
that SOMP algorithm is the one most affected by
time correlation L of all algorithms, and the other
algorithms have no significant influence. Because
the proposed algorithm includes dynamic channel
tap detection, the change of L only affects the com-
putational complexity of the algorithm, but not the
performance of the algorithm. As for the SOMP
algorithm, it shares the same path delay set by
default, so when L increases, the same path delay
number increases, the algorithm performance
improves. On the contrary, the performance of the
algorithm reduces. As can be seen from the figure,
when L = K= 10, the channel degenerates into jsm-
2 model. At this point, the algorithm proposed in
this paper also degenerates into SOMP algorithm,
so the estimated performance of the two algorithms
is equivalent.

I
o LS
| ——omp
o SOMP
“’| —#— Proposed Algorithm
----- Oracle-LS

Normalized MSE

2 3 4 5 6 7 8 9 10
Temporal correlation degree L

Fig. 1 The NMSE with different temporal correlation degree L
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(b) The effect of the number of joint symbol on
detection of common channel tap.
As an improved algorithm of SOMP algorithm, the
proposed algorithm is also based on joint sparse
model. As can be seen from the description of the
algorithm above, detection of common channel tap
in the first part of the algorithm is to use SOMP
algorithm to combine multiple OFDM symbols.
Because the delay set of the common channel tap
will be the initial support set of the dynamic
channel tap detection in the second part, the
success rate of the common channel tap detection
directly affects the performance and speed of the
second part of the algorithm. Figure 2 below
simulates the effect of four different joint symbol
numbers on the success rate of common channel
tap detection. It is not hard to find that the bigger
the number of joint symbols, the higher the
detection success rate of common channel tap.
For this phenomenon, it can be explained that the
public sparse multipath exists at all times. When
combined with SOMP algorithm recovery, the
energy of the weak path will be enhanced by
superimposing the same path in multiple symbols,
so that it can be detected more easily. If the
number of symbols involved in the superposition

increases, the detected probability will also increase.

(c) NMSE and BER curves of various algorithms with
different SNR.
The channel estimation performances of the
proposed algorithm in this paper are compared in
this group of simulation. The normalized mean
square error and error rate are adopted for the
specific evaluation indexes. In this paper,

°© o o
~N e 0

=4
O

(=
%

Correct Detection Probability

: Common Channel Taps Detection (R=4)
LA i i _____i| —+— Common Channel Taps Detection (R=6) ||

i| —#&— Common Channel Taps Detection (R=8)
i| —&— Common Channel Taps Detection (R=10)

N

| Setsi
-10 -8 -6 -4 -2 0 2 4 6 8 10
SNR(dB)
Fig. 2 Correct detection probability of common channel taps with
different SNR
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normalized mean square error (NMSE) is defined as
follows:

i
NMSE=—-) — ¢ (14)
T'= Hh(t)

2

In Eq. (14), h"” represents the impulse response of
the ideal channel, and h ‘ represents the channel
estimated value obtained by various algorithms.
The simulation results of NMSE and BER are
shown in Fig. 3 and Fig. 4 respectively. In these two
simulations, the number of common channel taps
and the maximum sparsity of the channel are set as
L =8 and K =10 respectively. The channel
estimation algorithms involved in the comparison
include LS, OMP, SOMP, and Oracle-LS algo-
rithms. In order to ensure the performance of LS
algorithm, the pilot insertion mode is comb pilot
with uniform spacing of 8, and the rest of CS algo-
rithms adopt random pilot. It is not hard to find
from Fig. 3 and Fig. 4 that the performance curves
of NMSE and BER tend to be basically the same.
Among them, LS algorithm, as a traditional
algorithm, has the worst estimation performance
because the pilot frequency is smaller than the
channel length and the algorithm itself is greatly
affected by noise when estimating the sparse path.
For CS-based channel estimation, SOMP algorithm
has a great advantage over OMP algorithm when
SNR is low. The reason is that when SNR is low,
SOMP algorithm can combine multiple symbols for
channel reconstruction, and its detection ability of
weak path is better than that of OMP algorithm
which considers only one symbol. When SNR
increases, due to the inherent defects of SOMP

10
m
%)
b=
3
N 107
]
Z
1034
—&— Proposed Algorithm R T N
—&— Oracle-LS k 0
104 T T ] 1
S 10 15 20 25 30
SNR(dB)

Fig. 3 The NMSE with different SNR
.
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Fig. 4 The BER with different SNR

algorithm model in time-varying channel, the per-
formance improvement effect is limited. OMP algo-
rithm is less affected by noise in high SNR
environment, every time the reconstructed channel
can be completed K iterations, so the performance
is better under high SNR environment. As for the
improved SOMP algorithm proposed in this paper,
it is better than OMP and SOMP algorithm because
it considers the detection of dynamic channel tap,
which is consistent with the results of the previous
mathematical analysis. In addition, the comparison
algorithm Oracle-LS in the simulation of this group
is the LS estimation when the multipath delay set of
time-varying sparse channel is known, and this re-
sult is the theoretical limit value under the LS
criterion.

(d) Analysis of algorithm complexity under different
channel sparsity.

For greedy algorithm, the number of iterations is gen-
erally signal sparsity K. The higher the K value of signal
sparsity is, the higher the complexity of greedy algo-
rithm. The proposed algorithm is also a greedy algo-
rithm, so the complexity of the algorithm is analyzed by
calculating the CPU running time of channels estimation
with different K sparsity. In the simulation, the estimated
channel time of 10 consecutive OFDM symbols is taken
as CPU running time, a total of 100 simulations were
performed. The comparison algorithm of this group of
the simulation consists of LS, OMP, SP, and SOMP algo-
rithms. The simulation results are shown in Fig. 5. As it
can be seen from Fig. 5, except the LS algorithm, the
CPU running time of the other algorithms increases ex-
ponentially with the increase of K value. Among the four
greedy algorithms, the OMP channel estimation and the
SP channel estimation are performed symbol by symbol,

0 = h o o

- o a0 o o

15
Sparsity level K

Fig. 5 CPU running time with different K sparse channels

so it is much larger in time than the channel estimation
algorithm based on the joint sparse model. Particularly,
the SP algorithm, because each iteration takes K column
atoms, so when K increases, the algorithm complexity
also has a rapidly increase, which is most obvious in all
the algorithms. Among the SOMP algorithm and the
proposed algorithm in this paper, due to the improved
SOMP algorithm increases the dynamic channel tap de-
tection, so the CPU running time is longer, which is
equivalent to sacrificing speed for higher estimation
accuracy.

4 Conclusion

This paper mainly studies the joint estimation method
of high-speed mobile communication channel based on
improved SOMP algorithm. Firstly, the distributed com-
pressed sensing theory and joint sparse model are intro-
duced. Secondly, the existing time domain joint channel
estimation method based on SOMP algorithm is intro-
duced. On this basis, this paper analyzes the defects of
existing algorithms that do not take into account chan-
nel time-varying and proposes an improved SOMP algo-
rithm based on JSM1 model for recovery of joint
channel estimation. Simulation results show that the
proposed algorithm in this paper has greater advantages
of estimation performance and lower algorithm com-
plexity compared with the existing symbol-by-symbol
CS channel estimation algorithm in the time-varying
channel environment.

Abbreviations
BER: Bit error rate; CS: Compressive sensing; DCS: Distributed compressed
sensing; SOMP: Simultaneous orthogonal matching pursuit
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