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Narrowband Interference Cancelation Based on
Priori Aided Compressive Sensing for

DTMB Systems
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Abstract—In this paper, a novel narrowband interference (NBI)
cancelation scheme based on priori aided compressive sens-
ing (CS) for digital terrestrial multimedia broadcasting systems
is proposed. The repeated training sequences in the transmitted
symbols are exploited by differential measuring to acquire the CS
measuring vector of the NBI, and for joint acquisition of the NBI
support priori. Using the proposed priori aided sparsity adaptive
matching pursuit algorithm, the sparse high-dimensional NBI can
be accurately reconstructed from the measuring vector of much
smaller size obtained through the proposed CS-based differen-
tial measuring method. It is verified by theoretical analysis and
simulations that the proposed method outperforms conventional
anti-NBI methods under multipath broadcasting channels.

Index Terms—Narrowband interference (NBI), compressive
sensing (CS), priori aided sparsity adaptive matching pur-
suit (PA-SAMP), repeated training sequences, digital terrestrial
multimedia broadcasting (DTMB).

I. INTRODUCTION

ALMOST all the transmission systems including digital
television (DTV) broadcasting systems [1], [2], wire-

less communication [3], [4] and wireline transmission
systems [5], [6] suffer from the narrowband interfer-
ence (NBI), and it causes severe impact on the system
performance, which has been widely studied recently. As
a typical example, broadcasting systems are affected by
severe NBI introduced by various interference sources,
such as the co-channel interferences from the analogue TV
signal [1] or the DTV white space cognitive radio (CR)
secondary users [7], [8], the interference from amateur
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radio, and the inter-modulation interference due to receiver
nonlinearity [9], [10], etc. Besides the digital terrestrial
television broadcasting (DTTB) systems, other broadcasting
systems also suffer from NBI, such as the NBI to ultra-wide
bandwidth (UWB)-based indoor audio/video broadcast-
ing [11], and the radio frequency NBI generated by radio
amateurs in the wireline broadcasting systems [12].

The DTV services suffer from the NBI generated by the
narrowband co-channel interference from existing analogue
TV systems that share some of the DTV bands [1], such
as Phase Alternating Line (PAL) or Sequential Couleur Avec
Memoire (SECAM). When the digital video broadcasting-
terrestrial/handheld (DVB-T/H) systems are corrupted by NBI
due to inter-modulation distortions in the receiver, the mag-
nitude of channel frequency response does not represent the
accurate channel state information, which also results in sig-
nificant performance degradation of the DVB-T/H systems [1].
The services of the DTV incumbent users are also disturbed
due to the mutual interference around the edge of channel
band, the narrowband applications in the DTV band, and the
spectral leakage of the DTV white space secondary users.
Currently the CR technology in the DTV white space appli-
cations still has potential problems caused by hidden nodes,
which introduces narrowband co-interference [7]. The severe
NBI due to the terrestrial truncated radio (TETRA) service
as a narrowband DTV white space application is investi-
gated and its coexistence performance with DTV service is
tested in [8].

Many researches have been carried out aiming at NBI anal-
ysis in DTTB systems. Esli and Delic [9] investigated the
performance of space-frequency and channel coded orthog-
onal frequency division multiplexing (OFDM) technology for
DTTB systems under NBI. The bit error rate (BER) per-
formance of OFDM-based DTTB systems is significantly
degraded due to the NBI generated from inappropriate spec-
trum allocation plans, inter-modulation triggered by improper
receiver designs, or co-channel interference from analogue TV
systems [9]. Explicit closed form expressions for the BER of
OFDM-based DTTB systems under NBI and the frequency-
selective fading channel are derived by Nadarajah [10].
The performance degradation of both the Fourier-based and
wavelet-based OFDM for the DVB-T system in the presence
of NBI is investigated in [2].

Hence, the problem of NBI mitigation and suppression
should be studied on thoroughly. Many NBI mitigation
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schemes have been proposed, mainly including two categories:
frequency-domain and time-domain schemes. Among the
frequency-domain schemes, the frequency threshold exci-
sion (FTE) approach in which the sub-carriers whose powers
exceed a given threshold are detected and excluded is proposed
in [3]. To alleviate the impact on useful data sub-carriers,
some virtual sub-carriers are preserved for NBI detection,
and NBI on each sub-carrier is estimated and subtracted
from the received signal by linear minimum mean square
error (LMMSE) estimation method [13]. However, virtual
sub-carriers should be located close to the accurate NBI spec-
tral positions, and the channel impulse response (CIR) is
assumed to be exactly known at the receiver, which may be
unrealistic in practice. Hard decisions of the OFDM sym-
bols are used to predict the NBI contribution over the used
sub-carriers one after another to sequentially subtract the NBI
impairment [14]. The drawback is that any estimation error
of one sub-carrier would be propagated to all subsequent
sub-carriers.

For the time-domain schemes, a notch filter is built at
the sub-carrier frequencies where NBI is located through
the time-domain linear prediction approach [15], which has
also been studied in direct sequence spread spectrum (DSSS)
systems [16]. The time-domain methods can relieve the
impacts of spectral leakage, but the design and implementation
are difficult and inefficient. Furthermore, these conventional
methods cannot fundamentally reconstruct the exact NBI,
which results in essential performance limitation.

To overcome the problems of conventional methods, the
recently ground-breaking theory, compressive sensing (CS),
can be introduced to deal with the NBI mitigation issues.
It has been proved according to the CS theory that a high-
dimensional signal with the “sparse” feature can be accurately
reconstructed from a much smaller amount of measuring data,
even in the presence of noise [17]. The word “sparse” indi-
cates that the number of nonzero entries is much smaller
than the dimension of the desired signal. CS has already
drawn plenty of research attention in many areas for its
high performance and efficiency, including image process-
ing, positioning and channel estimation [18]–[20]. Within the
state-of-art research on CS-based NBI mitigation, which has
not yet been well investigated, a null-space (NS) approach [21]
firstly introduced CS theory to NBI mitigation. With the aid
of channel estimation at the receiver, the NS of the chan-
nel transfer matrix is calculated to obtain the measurement
vector.

In this paper, a novel approach of CS-based differential mea-
suring (CSDM) is proposed to accurately reconstruct the NBI
for OFDM systems such as the DTTB system. Unlike the
NS method, we acquire the measurement vector for the CS
algorithm simply through the differential operation between
the repeated training sequences (TSs) in the received frames.
Then the NBI can be recovered exactly from the measure-
ment vector using the proposed priori aided sparsity adaptive
matching pursuit (PA-SAMP) algorithm, where the classical
CS algorithm of SAMP [22] is greatly improved with the
aid of the priori information of the NBI, especially when
the interference-to-noise-ratio (INR) is low or the channel

condition is poor. Furthermore, a novel threshold-based sup-
port adjustment approach is introduced to further improve the
accuracy of the CS-based NBI estimation.

Compared to the conventional methods that combat against
NBI passively, the proposed CSDM method with the
PA-SAMP algorithm fundamentally reconstruct the exact NBI
and cancel it from the received signal. The proposed method
is also quite low in complexity and is independent of channel
estimation thus applicable in various poor channel conditions.
Existing repeated TSs are exploited without requiring addi-
tional frequency, time or space resources. Moreover, the
proposed approach can be applied to various communications
systems where repeated TSs are adopted. Therefore, not only
is the proposed method efficient in broadcasting channels, but
also it can overcome other severe environments contaminated
by NBI.

The rest of this paper is organized as follows: the time
domain synchronous-OFDM (TDS-OFDM) system model in
digital terrestrial multimedia broadcasting (DTMB) standard
as well as the NBI model is described in Section II. Section III
presents the proposed CSDM approach and the PA-SAMP
algorithm for NBI recovery, which is the main contribution
of the paper. Complexity analysis and performance evaluation
of the proposed algorithm are given in Section IV. Simulation
results are demonstrated in Section V to validate the proposed
approach, which is followed by the conclusions.

Notation: Matrices and column vectors are denoted by
boldface letters; (·)† and (·)H denote the pseudo-inversion
operation and conjugate transpose; ‖ · ‖r represents the �r

norm operation; v|� denotes the entries of the vector v in
the set of �; A� represents the sub-matrix comprised of the
� columns of the matrix A; �c denotes the complementary set
of �; max(v, T) denotes the indices of the T largest entries of
the vector v.

II. SYSTEM MODEL

A. NBI Model

The sparse NBI in the frequency-domain correspond-
ing to the i-th transmitted symbol can be denoted as
ẽi = [ẽi,0, ẽi,1, . . . , ẽi,N−1]T of length N with only few
nonzero entries, where N is the number of OFDM sub-
carriers. The support of the NBI �i is defined as the set
of the positions of the nonzero entries, and is given by
�i = {k|ẽi,k �= 0., k = 0, 1, . . . , N − 1}. Due to the sparse fea-
ture of the NBI, the sparsity level of the NBI K is defined as
the number of nonzero entries, which is much smaller than the
NBI dimension, i.e., K = |�i| � N. The interference-to-noise
ratio (INR) is defined as Pe/σ

2, where Pe = ∑k∈�i
|ẽi,k|2/K

denotes the average power of the NBI and σ 2 is the variance of
the additive white Gaussian noise (AWGN). INR is an indica-
tor of the NBI intensity compared with the background noise.
The corresponding time-domain NBI vector ei of length M is
obtained from the inverse discrete Fourier transform (IDFT) of
ẽi, i.e., ei = FM ẽi, in which FM ∈ C

M×N is the IDFT matrix
given by

FM = 1√
N

[
βββ0 βββ1 · · · βββN−1

]
, (1)
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where the n-th element of βββk is exp( j2πkn/N),

n = 0, 1, . . . , M − 1. For the NBI model adopted in
this paper, the positions of the nonzero entries are assumed
to be randomly distributed in all the OFDM sub-carriers and
the sparsity level is also variable, which has been adopted in
literature [1], [9]. The NBI support composed of multiple and
random nonzero positions is more general and practical in
DTTB systems compared with the model where the nonzero
entries are clustered in only one bundle or only one nonzero
entry is considered [5].

Usually, in DTTB transmission channels in the presence
of NBI, there is time-domain correlation of the NBI sup-
port between transmitted symbols, i.e., the NBI support varies
much slower than the amplitudes of the nonzero entries,
while the NBI amplitudes might change slightly between sev-
eral consecutive symbols [9], [23], [24]. This is based on
the fact that NBIs are commonly generated by inappropri-
ate spectrum allocation plans [9] or by interferers that are
working at relatively fixed frequencies [23], [24] during a
period of time larger than the duration of several consecu-
tive symbols. There are many examples to validate this fact,
such as the NBI to the DTTB systems generated by inter-
modulation products or the co-channel analog TV [1], [9], the
NBI to the spread spectrum wideband system due to frequency
modulation (FM) broadcasting working at the overlaid
band [24], and the NBI to the wavelet OFDM system gener-
ated by the amplitude modulation (AM) broadcasting working
at some fixed frequencies [23].

Hence, there exists considerably large correlation of the NBI
support between consecutive symbols. More specifically, the
NBIs corresponding to D consecutive symbols can be assumed
to share the same sparse pattern [25], i.e.,

�i = �i+1 = · · · = �i+D−1 = �. (2)

B. DTMB System Model

In broadcasting systems and other various communication
systems, repeated TSs are utilized in the preamble or the pre-
fix of each payload frame for constellation demapping [26],
channel estimation [27], synchronization [28] or as guard
interval [29]. For example, in broadcasting systems such as
DTMB standard using the TDS-OFDM technology [29], [30]
in multi-carrier mode as shown in Fig. 1(a), repeated TSs are
used as guard intervals of OFDM data blocks. In the sin-
gle carrier working mode of DTMB as shown in Fig. 1(b),
the unique-word based single-carrier (UW-SC) technique also
exploits repeated TSs as guard intervals [31].

We take TDS-OFDM in DTMB as shown in Fig. 1(a) as a
typical example of multi-carrier systems without loss of gener-
ality. The i-th symbol si =

[
cT xT

i

]T consists of the constant

TS c = [
c0, c1, . . . , cM−1

]T of length M and the following

OFDM data block xi =
[
xi,0, xi,1, . . . , xi,N−1

]T of length N,
where the TSs for different symbols are identical [29]. Then
the transmitted signal passes through the multi-path fading
channel with the CIR of hi =

[
hi,0, hi,1, . . . , hi,L−1

]T of length
L in the presence of NBI ẽi and AWGN zi, and the received
time-domain TS yi =

[
yi,0, yi,1, . . . , yi,M−1

]T at the receiver

(a)

(b)

Fig. 1. Typical examples of the received repeated TSs in DTMB systems uti-
lized for CSDM and NBI cancelation. (a) TDS-OFDM symbols in multicarrier
mode. (b) UW-SC symbols in single carrier mode.

can be denoted by

yi = �Mhi + FM ẽi + zi, (3)

where the TS component at the receiver is denoted by �Mhi,
with the matrix �M ∈ C

M×L given by

�M =

⎡

⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎢
⎣

c0 xi−1,N−1 xi−1,N−2 · · · xi−1,N−L+1
c1 c0 xi−1,N−1 · · · xi−1,N−L+2
c2 c1 c0 · · · xi−1,N−L+3
...

...
...

. . .
...

cL−2 cL−3 cL−4 · · · xi−1,N−1
cL−1 cL−2 cL−3 · · · c0
cL cL−1 cL−2 · · · c1
...

...
...

. . .
...

cM−1 cM−2 cM−3 · · · cM−L

⎤

⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎥
⎦

,

whose entries {xi−1,n}N−1
n=N−L+1 represent the last L−1 samples

of the (i− 1)-th OFDM data block xi−1, which causes IBI on
the current i-th TS. Since the (i−1)-th OFDM data block xi−1
only causes IBI on the first L− 1 samples of the i-th received
TS yi, the last G = M − L + 1 samples of yi will form the
IBI-free region qi = [yi,L−1, yi,L, . . . , yi,M−1]T .

The IBI-free region exists in practical systems because a
common rule for system design is to configure the guard
interval length M to be larger than the maximum channel
delay spread L in the worst case to avoid IBI between OFDM
data blocks, so L is usually smaller than M in practice,
i.e., L < M. For instance, both the DTMB standard [29] based
on TDS-OFDM and the DVB-T2 standard [32] based on cyclic
prefixed OFDM (CP-OFDM) obey this rule. Moreover, the
guard interval length M is much larger than the actual CIR
length L in practical scenarios such as urban areas, because
M should be configured to work well in the worst case such
as in mountain areas [33] or in the single frequency net-
work (SFN) [34] where there are long channel delays. Even in
the extreme case where L = M, the TS length can be extended
a little to provide the IBI-free region [19].

Hence, the two IBI-free regions at the end of the two
adjacent received TSs can be rewritten as

qi = �Ghi + FGẽi + wi, (4)

qi+1 = �Ghi+1 + FGẽi+1 + wi+1, (5)
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where qi and qi+1 consist of the last G elements of yi and
yi+1, respectively, while FG is the G × N observation matrix
composed of the last G rows of FM . The AWGN vectors
related to the two IBI-free regions are denoted by wi and wi+1
with zero mean and the variance of σ 2.

Usually, when the channel is not varying so fast, the
CIR for adjacent symbols keeps approximately invariant [35],
i.e., hi ≈ hi+1 = h, since the distance between the two sym-
bols is sufficiently small so that the duration is within the
channel coherence time. The linear convolution between the
TS and the CIR is denoted by �Gh, in which �G is a G× L
Toeplitz matrix given by

�G =

⎡

⎢
⎢
⎢
⎣

cL−1 cL−2 cL−3 · · · c0
cL cL−1 cL−2 · · · c1
...

...
...

. . .
...

cM−1 cM−2 cM−3 · · · cM−L

⎤

⎥
⎥
⎥
⎦

. (6)

The frequency-domain NBI vectors corresponding to
the two IBI-free regions are denoted by ẽi = [ẽi,0,

ẽi,1, . . . , ẽi,N−1]T and ẽi+1 = [ẽi+1,0, ẽi+1,1, . . . , ẽi+1,N−1]T ,
respectively. It can be observed that the time-domain NBI
vector at the (i + 1)-th TS ei+1 equals the time-domain
NBI vector at the i-th TS ei delayed by �l samples, where
�l = M+N is the distance between the two TSs. Hence, the
frequency-domain NBI vector at the (i+ 1)-th TS ẽi+1 should
be ẽi with a phase shift, i.e., ẽi+1,k = ẽi,k exp( j2πk�l/N),

k = 0, 1, . . . N − 1. This relation of the frequency-domain
NBI vectors at adjacent TSs facilitates the differential mea-
suring of the NBI, which will be explained shortly in the next
section.

III. CS-BASED NBI RECOVERY AND CANCELATION

A. CS-Based Differential Measuring of the NBI

In the CS framework, it is important to acquire the mea-
surement vector for CS-based recovery of the sparse NBI
signal [17]. For successful recovery of the NBI, the measure-
ment vector is supposed to contain the NBI component, with
the existence of tolerable background AWGN [36]. However,
the data or TS components whose powers are much higher than
that of AWGN are not tolerable in the measurement vector and
should be nulled out before performing the CS algorithm to
guarantee the recovery performance.

It is noted from (4) and (5) that the TS component �Gh is
supposed to be nulled out in order to acquire the measurement
vector, which contains the NBI component affected by AWGN
only. Unlike the conventional NS method that utilizes the NS
to acquire the measurement vector, a novel CSDM method
is proposed to obtain the measurement vector. The proposed
CSDM method acquires the measurement vector �qi simply
by subtracting (5) from (4), i.e. through the differential opera-
tion between the IBI-free regions of the adjacent received TSs,
which yields the CS measurement equation

�qi = FG�ẽi +�wi, (7)

where �qi = qi − qi+1,�wi = wi − wi+1 and the NBI
differential vector �ẽi ∈ C

N is denoted as

�ẽi = ẽi − ẽi+1 =
[
�ẽi,0,�ẽi,1, . . . , �ẽi,N−1

]T
, (8)

where the entries of the NBI differential vector are given by

�ẽi,k = ẽi,k

(

1− exp

(

j
2π

N
k ·�l

))

, k = 0, 1, . . . , N − 1.

(9)

In the CS framework, with the measurement vector �qi,
the unknown sparse NBI differential vector �ẽi will be recon-
structed after solving (7) using the CS algorithms [17], [36],
which will be discussed shortly in the following contents. Due
to the time-domain correlation of the NBI, the duration of
each symbol is sufficiently small so that the NBI is assumed
to be quasi-static within adjacent symbols. Hence, the NBI
estimation at the TS can be used to obtain the NBI of the sub-
sequent OFDM data block in the same symbol without loss
of accuracy, which will also be presented in the following
sub-sections.

Solving the underdetermined CS measurement equation (7)
acquired through the proposed CSDM approach is equivalent
to solving the convex optimization problem given by

min
�ẽi∈CN

∥
∥�ẽi

∥
∥

1, s.t.
∥
∥�qi − FG�ẽi

∥
∥

2 ≤ ε (10)

where ε is the bound of the �2 constraint due to the
AWGN �wi in (7), and ε is set according to the AWGN
distribution [36]. The problem (10) can be efficiently solved
using classical CS greedy algorithms, such as the subspace
pursuit (SP) [37] and SAMP [22]. Since the realistic NBI
model is variable and unknown at the receiver, we adopt
SAMP which does not require the sparsity level to be known.
Moreover, the classical algorithm of SAMP is improved with
the aid of the partial NBI support priori in this paper. The priori
information of partial support is jointly acquired from D con-
secutive symbols as described in the following subsection, and
is exploited in the conventional SAMP algorithm to propose
the PA-SAMP algorithm, which will enhance the accuracy and
robustness of the NBI recovery performance.

B. Joint Acquisition of Partial NBI Support Priori

By solving (7), the NBI differential vector containing the
intact support information can be recovered. The performance
of the NBI reconstruction relies on the accurate results of the
CS algorithm. In order to ensure and improve the accuracy
and effectiveness of the CS algorithm for NBI recovery in
different channel conditions, the partial NBI support priori,
i.e., the priori information of the partial NBI support, should
be firstly acquired and made great use of to facilitate the CS
recovery process.

As described in Section II, the NBI supports corresponding
to D consecutive symbols share the same sparse pattern due
to the time-domain correlation of the NBI. Hence, as shown
in Fig. 2, the priori information of the partial NBI support �0
at the i-th symbol can be jointly acquired through the super-
position of the following D differential measured NBI vectors,
which is given by

�0 =
⎧
⎨

⎩
k:

i+D−1∑

j=i

∣
∣�q̃j,k

∣
∣2 > ηth

⎫
⎬

⎭

N−1

k=0

, (11)
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Fig. 2. Joint acquisition of the partial NBI support priori.

where �q̃i = [�q̃i,0,�q̃i,1, . . . ,�q̃i,N−1] is the N-point FFT
of �qi, and the power threshold ηth used to determine the
partial support of the NBI is given by

ηth = α

N

N−1∑

k=0

i+D−1∑

j=i

∣
∣�q̃j,k

∣
∣2, (12)

where α is a coefficient that can be configured proportional to
the INR in different scenarios.

The partial NBI support priori can be correctly obtained
through (2), since the superposition of the NBI vectors of
the consecutive symbols will increase the equivalent INR of
the NBI significantly. The reason is that the powers of the
NBI components at each nonzero entry are linearly accumu-
lated and strengthened due to the joint time-domain correlation
of the NBI support, while the superposition of the power of
the background AWGN follows chi-square distribution, which
results in significant increment of the power of NBI compo-
nents compared with that of AWGN. Furthermore, through
the joint acquisition of D consecutive NBIs in the frequency
domain, the spectral leakage due to the FFT operation of
the differential measured signal �qi will be relieved, which
improves the definition of the NBI components in the power
spectrum.

C. Priori Aided SAMP Algorithm for NBI Recovery

With the aid of the partial NBI support priori, the PA-SAMP
algorithm is proposed. The pseudo-code of the proposed
PA-SAMP algorithm is summarized in Algorithm 1. The
inputs of Algorithm 1 is the priori partial support �0, the ini-
tial sparsity level K0 = |�0|, the measurement vector �qi, the
observation matrix � = FG, and the iteration step size s that
could be adjusted according to NBI strength and occurrence
probability. During the iterations that may be composed of
multiple stages, the testing sparsity level for the current stage
is T , which is increased by the step size s with the switching
of the stages. The output of Algorithm 1 is the final out-
put support �f and the recovered NBI differential vector �êi

s.t. �êi|�f = �
†
�f

�qi,�êi|�c
f
= 0.

From Algorithm 1, one is able to observe that the priori
information of partial NBI support is utilized at the beginning
of the algorithm to reduce the complexity of the total CS iter-
ations compared with that without the aid of priori. During the
iteration process, the priori information is also made good use
of to improve the accuracy of the temporary support estimation
in each iteration, and to reduce the computational complexity.
Due to the introduction of partial support priori, the proposed

Algorithm 1 PA-SAMP for NBI Recovery
INPUT: 1) Priori partial support �0, initial sparsity level K0 =
|�0|; 2) Measurement vector �qi, observation matrix � = FG;
3) Step size s
Initialization:
�ê0

i

∣
∣
�0
← �

†
�0

�qi, r0 ← �qi −��ê0
i ,

T ← s+ K0, k← 1, j← 1
Repeat:

Sk ← max(�Hrk−1, T − K0) {Preliminary test}
Ck ← �k−1 ∪ Sk {Make candidate list}
�t ← max(�

†
Ck

�qi, T) {Temporary final list}

�êk
i

∣
∣
�t
← �

†
�t

�qi, �êk
i

∣
∣
�c

t
← 0

r← �qi −��t
�

†
�t

�qi {Compute residue}
If ‖r‖2 ≥ ‖rk−1‖2 Then {Stage switching}

j← j+ 1, T ← K0 + j× s
Else {Same stage, next iteration}

�k ← �t, rk ← r, k← k + 1

Until ‖r‖2 < ε

OUTPUT: 1) Final output support �f ;
2) Recovered NBI differential vector �êi s.t.
�êi

∣
∣
�f
= �

†
�f

�qi, �êi
∣
∣
�c

f
= 0

PA-SAMP algorithm outperforms classical CS algorithms and
ensures robust and accurate NBI recovery, especially in severe
conditions whereby the INR is too low or the IBI-free region
is too short due to long channel delay.

As shown in Algorithm 1, PA-SAMP differs from SAMP
mainly in the following three aspects:

1) Complexity: With the aid of the support priori, the
initialization of PA-SAMP is optimized to reduce computa-
tional complexity compared with SAMP. The initial support
is set as �0 in PA-SAMP instead of an empty set ∅ used in
SAMP, while the initial NBI differential vector is approxi-
mated as �ê0

i |�0 ← �
†
�0

�qi instead of a zero vector adopted
in SAMP, and the initial residue r0 ← �qi−��ê0

i is utilized
in PA-SAMP to replace its counterpart r0 ← 0 in SAMP.
The testing sparsity level T is initialized as T ← s + K0
in PA-SAMP instead of T ← s in SAMP. With K0 nonzero
entries acquired from priori, actually there are only K − K0
remaining nonzero entries to be recovered. Hence, the aver-
age number of total iterations is reduced from K in SAMP to
K−K0 in PA-SAMP, which reduces computational complexity.

2) Accuracy: The priori aided initialization in PA-SAMP
is more accurate than the trivial initialization in SAMP. In
each iteration of PA-SAMP, only (T − K0) new entries are
necessarily identified in the preliminary test and merged
with the previous temporary final list, while the K0 ini-
tial entries acquired from priori are remained in the can-
didate list in the first iteration. This makes the iterations
of PA-SAMP more efficient than those of SAMP, whereby
all the T entries are identified in each iteration. Moreover,
during the stage switching, the testing sparsity level is
changed to T ← K0 + j × s instead of T ← j × s
in SAMP. This makes it possible to adopt smaller step
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size s in PA-SAMP, which leads to more accurate esti-
mation of the actual sparsity level K than that in SAMP.
Meanwhile, the convergence rate of the iterations is also
improved since the testing sparsity level starts much closer
to the actual one.

3) Adaptivity: Since in different channel conditions the pri-
ori inputs of PA-SAMP vary accordingly, and the contributions
of the priori information will significantly facilitate the accu-
rate NBI recovery especially when the sparsity level becomes
large, the proposed algorithm of PA-SAMP is very adaptive
to the variant sparsity level K. It is also robust to the variation
of INR, the length of the IBI-free region G, and the number
of consecutive symbols D for priori acquisition, etc.

In common cases, as described above, the partial NBI sup-
port priori is accurately acquired based on the time-domain
support correlation of D consecutive symbols. Accurate partial
support priori facilitates the CSDM process with PA-SAMP
and improves the NBI recovery performance. On the other
hand, even in the extreme case where the NBI support changes
so fast that the partial support priori acquired from several con-
secutive symbols is not accurate enough, NBI reconstruction
can be also implemented from only one measurement vec-
tor based on the proposed CSDM method using conventional
SAMP algorithm without the aid of the priori. In this paper,
the NBI reconstruction method based on SAMP without pri-
ori is also given as a complementary approach, which will
be compared with the PA-SAMP approach in the following
simulations.

D. NBI Accuracy Refinement and Final Cancelation

Since the sparsity level is variable and unknown, the final
output support �f of PA-SAMP described in Algorithm 1
might include some false positions whose amplitude is signifi-
cantly lower than the NBI, which should be refined to achieve
better performance. The threshold-based support adjustment
method is proposed in order to further improve the support
estimation accuracy of PA-SAMP. The refined support �th

includes the entries whose norms are larger than the given
threshold

λth = β log

(
P̂e

σ 2

)

· P̂e, (13)

where P̂e = (1/N)
∑N−1

k=0 |�êi,k|2 is the estimated NBI average
power with �êi,k being the k-th entry of �êi. (P̂e/σ

2) is the
estimated INR, and β is a coefficient which can be set properly
according to different scenarios. The entries whose norms are
larger than the threshold are much more likely to be the true
NBI entries and should thus be retained. Therefore, the refined
support is given by

�th =
{

k
∣
∣
∣
∣
∣�êi,k

∣
∣2 > λth, k = 0, 1, . . . , N − 1

}
. (14)

The recovered NBI differential vector �êi of PA-SAMP
can be then updated at the refined support �th such that
�êi|�th = �

†
�th

�qi and .�êi|�c
th
= 0.

Furthermore, the NBI values at the refined support can be
more accurate through least squares (LS) estimation, which is

Fig. 3. NBI recovery process using the proposed CSDM method with
PA-SAMP.

implemented by solving

min
�êi∈CN

∥
∥�qi −��êi

∥
∥

2, (15)

where � = FGB, and B is the N×N diagonal selection matrix
whose elements bk,k = 1 for k ∈ �th and zero otherwise. After
solving the LS problem, the recovered NBI differential vector
is given by

�êi = B�†�qi. (16)

Afterwards, the original frequency-domain NBI vector ẽi

at the i-th TS can be reconstructed from the recovered NBI
differential vector �êi according to (9) by

ẽi,k = �êi,k/

(

1− exp

(

j
2πk�l

N

))

, k = 0, 1, . . . , N − 1.

(17)

Finally, the frequency-domain NBI vector corresponding to
the i-th OFDM data block ẽD

i = [ẽD
i,0, ẽD

i,1, . . . , ẽD
i,N−1]T is

similarly obtained by

ẽD
i,k = ẽi,k · exp ( j2πk�d/N), k = 0, 1, . . . , N − 1, (18)

where �d = M is the distance between the i-th TS and the
i-th OFDM data block. Then the NBI can be canceled from
the received OFDM data block for the successive process.

IV. PERFORMANCE EVALUATION

A. General Process Evaluation of NBI Recovery

The general process of the proposed CSDM method with
PA-SAMP for NBI recovery when K = 15 and INR=30 dB
is depicted in Fig. 3. Firstly, the support priori is acquired
according to the threshold ηth given by (12) where α = 8.0
is adopted. Then the NBI is estimated through the proposed
CSDM method with the PA-SAMP algorithm. Finally the sup-
port accuracy is improved by the threshold λth given in (13)
where β = 3.0. It is observed that the final NBI estimation
accurately matches the actual NBI.
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B. Complexity Analysis

The computational complexity of the proposed NBI cance-
lation scheme includes the following parts:

1) In the first step of CSDM, the complexity of the CS
measurement vector acquisition is O(G), which is quite low.

2) In the second step, since the complexity of each FFT is
O(N log2(N)), the complexity of support priori acquisition is
O(DN log2(N)).

3) In the third step of PA-SAMP that contributes the major
complexity, for each iteration, the complexity consists of two
parts: the inner product between the observation matrix � and
the residue r has complexity of O(GL); the equivalent LS
problem �êk

i

∣
∣
�t
← �

†
�t

�qi requires the complexity O(GK2)

when the Gram-Schmidt algorithm is used since the LS prob-
lem only relates to the sub-matrix ��t that is not larger
than G×K. The average total number of iterations is reduced
from K in SAMP to K − K0 in PA-SAMP, so the total com-
plexity of PA-SAMP is in the order of O((K−K0)G(L+K2)).
Hence the proposed algorithm of PA-SAMP reduces the
complexity of SAMP by a factor of K0/K.

4) In the step of accuracy improvement, the complexity of
the proposed threshold-based support adjustment method and
the LS estimation is in the order of O(GK2).

Hence, the total complexity of the proposed NBI can-
celation approach is in the order of O(G + DN log2(N) +
(K − K0)G(L+ K2)+GK2), which is equivalent to the order
of O(DN log2(N)+ (K − K0)G(L+ K2)).

C. RIP Performance Evaluation

The observation matrix should satisfy the restricted isometry
property (RIP) in order to solve the CS problem accu-
rately according to the probabilistic theory of sparse signal
recovery [38]. It can be verified through numerical calculation
analysis that the observation matrix � of the proposed CSDM
approach satisfies the RIP property well with the 2K-RIP con-
stant δ2K < 0.374 for K = 20. A signal is defined as K-sparse
when its sparsity level is K. This implies that the K-sparse
NBI can be successfully recovered within the AWGN error
bound using CSDM, according to the RIP constraint that δ2K is
required to be less than 0.41 to accurately recover the K-sparse
signal in the presence of noise [38].

V. SIMULATION RESULTS AND DISCUSSIONS

The performance of the proposed NBI cancelation scheme
based on CSDM and PA-SAMP for TDS-OFDM systems
is investigated and validated through extensive simulations.
The simulation parameters are configured according to the
typical DTTB system specified in the DTMB standard [29].
The OFDM sub-carrier number N = 3780 and the TS
length M = 595. The signal is located at the central fre-
quency of 770 MHz with the bandwidth of 7.56 MHz.
The modulation scheme of 64QAM and the low density
parity check (LDPC) code with code length of 7,488 bits
and code rate of 0.6 as specified in [29] are adopted. The
Vehicular B multi-path fading channel model [35] in the
presence of NBI is used. The number D = 4 of consecu-
tive TDS-OFDM symbols are used for joint support priori

Fig. 4. MSE performance comparison for NBI reconstruction using CSDM
together with PA-SAMP and SAMP under the Vehicular B channel.

acquisition. The coefficient in the priori acquisition is α = 8.0,
and the coefficient in the threshold-based support adjustment
is β = 3.0.

The mean square error (MSE) performance of NBI recovery
using the proposed CSDM method is shown in Fig. 4. The per-
formance of the CSDM scheme together with both PA-SAMP
and SAMP are depicted for the sparsity level K = 10 and
K = 20. The theoretical Cramer-Rao lower bound (CRLB)
CRLB = 2σ 2 · (N ·K/G) [19] is also included for comparison.
The proposed CSDM method with PA-SAMP achieves a target
MSE of 10−3 at the INR of 26.8 dB and 33.7 dB with the spar-
sity level K = 10 and K = 20, respectively, which outperforms
the SAMP method by approximately 2.0 dB. It is noted that
the MSE performance of the proposed CSDM method with
PA-SAMP approaches the theoretical CRLB with the increase
of the INR. The MSE performance verifies the high accuracy
of the proposed CSDM method for NBI reconstruction, which
fully exploits the sparse characteristics of the NBI and the
inter-symbol correlation of the NBI between adjacent symbols.

The recovery probability of the proposed CSDM methods
with PA-SAMP and SAMP at different sparsity levels with
the fixed INR of 30 dB is depicted in Fig. 5. The recovery
probabilities under both the AWGN and Vehicular B multi-
path channels are simulated. The recovery probability is the
frequency of successful NBI recovery, which is defined as
the estimation MSE< 10−2. The proposed PA-SAMP method
reaches a successful recovery probability of 0.9 at the spar-
sity level of more than 23 under both AWGN and multi-path
channels. This indicates that with the aid of priori, the CSDM
method with PA-SAMP can correctly recover the NBI at a
relatively large sparsity level using only a small portion of
measurement data acquired from the IBI-free region of the
TS. It is also noted from the gap between the PA-SAMP
and SAMP curves that the proposed PA-SAMP method can
accurately recover NBIs at larger sparsity levels with the aid
of priori. Furthermore, while the performance of the SAMP-
based method degrades under the multi-path channel compared
with that under the AWGN channel due to the shorter IBI-free
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Fig. 5. Probability of NBI recovery using CSDM methods with PA-SAMP
and SAMP under both AWGN and Vehicular B multipath channels.

Fig. 6. BER performance comparison under the Vehicular B channel with
NBI (K = 20, INR = 30 dB).

regions used for CSDM, the proposed PA-SAMP is hardly
influenced by multi-path fading with the aid of the priori
information, and is insensitive to the channel conditions.

The BER performance of the proposed CSDM NBI can-
celation scheme (using either PA-SAMP or SAMP) under
the Vehicular B channel with NBI is shown in Fig. 6. The
LDPC code rate of 0.6 and 64QAM are adopted, which is
the primary configuration to provide high-definition televi-
sion (HDTV) services with a data rate of 23.39 Mbps in
DTMB standard [29]. The BER performance of the conven-
tional FTE and NS methods, the worst case ignoring NBI
and the ideal case without NBI are also presented for com-
parison. It can be found that the proposed CSDM method
with PA-SAMP outperforms the conventional NS method,
the conventional FTE method, and the case ignoring NBI by
approximately 0.5 dB, 0.9 dB, and 1.4 dB, respectively, at the
target BER of 10−4 with the NBI of sparsity level K = 20 and
INR=30 dB. The CSDM method with SAMP has a 0.25 dB

degradation compared to the proposed PA-SAMP algorithm
due to the aid of priori, while it still outperforms the conven-
tional methods significantly. Furthermore, the gap between the
proposed CSDM method with PA-SAMP and the ideal case
without NBI is only about 0.15 dB, indicating the accuracy of
NBI recovery and the effectiveness of NBI cancelation.

VI. CONCLUSION

In this paper, a novel priori aided compressive sensing based
NBI cancelation scheme is proposed and verified through
theoretical analysis and simulation validation. The proposed
CSDM method exploits the repeated TSs in DTMB systems
to acquire the CS measurement vector and the partial sup-
port priori of the NBI with low complexity. The classical
CS algorithm of SAMP is improved with the aid of priori
to achieve the proposed PA-SAMP algorithm. The accuracy
of PA-SAMP is further optimized by a threshold-based sup-
port adjustment method. The typical NBI model in the DTTB
multi-path channel is reconstructed accurately from the exist-
ing TSs without extra dedicated frequency or time resources
using the proposed method, which is also independent of chan-
nel estimation. Besides the DTTB systems, the scheme is
applicable and can be easily extended to other communication
systems adopting repeated TSs.
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