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Abstract: This paper studies orthogonal frequency-division multiplexing (OFDM) system channel estimation problem in the inter-
ference environment and the channel delay estimation algorithm is proposed. The algorithm consists of the narrowband interference
detection and suppression and channel time delay estimation. First of all, this paper studied the statistical characteristics of channel
frequency domain response value at pilot tones, use double threshold consecutive mean excision (CME) algorithm, to detect the inter-
ference of pilot subcarriers and interference suppression. Then, the authors analyze the channel frequency response mathematical model
and alternating notch periodogram (ANP) spectral estimation method is used to obtain the channel time delay estimation value. The
simulation results show that the use of this improved channel estimation algorithm very close to the performance of the Expectation
Maximization (EM) channel estimation algorithm with ideal channel delay for channel estimation algorithm performance and BER

performance and the delay is known.
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1. Introduction

Orthogonal frequency division multiplexing (OFDM) has
recently been widely used in wireless communication [1].
Only in the presence of thermal noise, channel estimation
methods can be roughly divided into blind (or semi-blind)
[2,3] and pilot based channel estimation algorithm [4-7].
For the blind (or semi-blind) transmits data utilizing the
inherent information to get the channel estimation value.
This algorithm does not need extra bandwidth, high uti-
lization of the spectrum, but its computational complexity
is high, and the flexibility is not high, it was limited in us-
ing.

Based on pilot channel estimation algorithm uses the
information of the sender and receiver are known pilot,
the pilot sub-carriers at the channel frequency-domain es-
timates.

The estimated values of time-frequency two-dimensional
interpolation, and get all the sub-carrier at the channel fre-

quency domain estimates. Such method has good estima-
tion performance and computational complexity than blind
(or semi-blind) estimation method low.

However, these algorithms in the pilot subcarriers sub-
ject to interference, especially interference signal power,
the channel estimation value and the true channel frequency
response between the estimation error cannot be ignored,
the estimation error along with when the frequency of two
dimensional spread to the interpolated data subcarrier chan-
nel estimation value, and ultimately lead to the deteriora-
tion of the OFDM system performance [8].

The OFDM system channel estimation techniques un-
der interference environment including joint interference
detection and channel estimation method [8—10] and based
on the Expectation Maximization (EM) channel estimation
[11-17].

Joint interference detection and channel estimation of-
ten require some with the interference position in two ad-
jacent OFDM symbols to maintain constant and continu-
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ous interfere with sub-carrier occupied bandwidth should
be less than the coherence bandwidth of the channel, thus
limiting its application.

Based on the EM channel estimation method is applied
more widely, but its requirement for the channel time delay
is known, the interference in the environment will also be
a challenge.

Aiming at this problem, this paper proposes the use
of alternating notch periodogram (ANP) spectral estima-
tion method and the interference suppression technology
of interference environment, the channel time delay esti-
mation based on EM channel estimation method, which
has a more widespread application.

2. Typical OFDM system channel estimation
technologies under the environment of
interference

Only considering the thermal noise, basic methods of the
channel estimation generally can be divided into the blind
(or semi-blind) channel estimation algorithm [2, 3] and the
channel estimation algorithm based on pilot [4-7].

For the blind (or semi-blind) channel estimation algo-
rithm, it uses the internal information of transmission data
to obtain the estimated value of the channel. Such an algo-
rithm does not require additional system bandwidth, and
the spectrum has a high efficiency. But its high computa-
tional complexity and low flexibility lead to having limita-
tion in application.

The channel estimation algorithm based on pilot uses
the information of the sender and receiver having known
the pilot information to the channel frequency-domain es-
timation of the pilot sub-carriers. Use the estimated values
to make two-dimensional interpolation of time-frequency,
and get the channel frequency-domain estimation of all
the sub-carrier. Such method has a good estimation perfor-
mance and computational complexity is lower than blind
(or semi-blind) estimation method.

About the channel estimation algorithm based on pilot,
when the pilot sub-carrier is subjected to interference, the
channel estimation value of the pilot sub-carrier obtained
from the pilot signals contains the true channel frequency
response and the interference signal; when the power of
the interference signal is larger, there is a no ignorable es-
timation error between the channel estimation value and
the true channel frequency response. The estimation errors
with two-dimensional interpolation of the time-frequency
spread to the channel estimation value of data sub-carrier,
and finally lead to the performance of the OFDM system
deteriorating.

In this paper, the channel estimation method is based
on pilot channel estimation method. For the convenience
of description, the definition of the total number of sub-
carriers of the OFDM system is N, adjacent to the pilot
sub-carrier interval is m, the total number of pilot subcar-
riers in an OFDM symbol is K.

At the sending end, the pilot signal and data signal
with the mapping to the sub-carrier for the fast Fourier
transform (Inverse Fast Fourier Transform IFFT), add the
cyclic prefix, the CP sent by the sender. Assume that the
CP length Lcp > L, L is the order of the discrete multipath
channel.

In the slowly varying channel, time domain channel
impulse response vector h = [A(0), h(1), ..., h(L — D7 re-
main unchanged within several OFDM symbol duration,
so the H(p) can be expressed as follows

—j2rTmp

L-1
H(p)=Zh(l)exp( ),OSPSK—I (1
1=0

where 7; is multipath delay and T, is sampling time.
Write (1) as matrices:

H=Qh 2
where Q is a K X L matrix, whose (p, /) entry is
(Q)p = exp (=j2nt;(mp +4) /| (NT,)),0 <[ < L-1 (3)

At the receiving end, the received the n OFDM sym-
bols to CP after Fast Fourier Transform ( FFT ), get each
sub carrier frequency signal, wherein a pilot subcarrier sig-
nal with Y(p, n), then Y(p, n) can be expressed as,

Y(p,n) = H(p)A(p,n) + I(p,n) + W(p,n) “4)
p=0,1,..K-1

The H(p) expressed in the p pilot subcarriers position
of channel frequency domain response, A(p) said the pilot
symbols itself. I(p,n) is part of band interference in the
n OFDM symbol of the number k sub-carrier of the fre-
quency domain representation, and hypotheses in interfer-
ence inl(p, n) subcarriers, with a mean of zero, 0'% variance
for the Gauss distribution, without disturbing the subcarri-
ers, I(p,n) = 0. W(p,n) said additive white noise, with a
mean of zero, o-% variance for the Gauss distribution. The
Eq.(4) both sides at the same time divided by H(p), the
subcarrier channel frequency response estimate for H(p):

I(p,n) + W(p,n)

A(p) = H(p) + Q)
(»)
Eq. (4) and Eq. (5) are written in matrix form
Y(n)=AH+1(n)+ W) (6)
A=H+A"'dIn)+Wm) )

which is a diagonal matrix, its diagonal elements by a local
guide frequency of the signal vector [A(0), ..., A(K — 1)]”.

2.1. Joint interference detection and channel
estimation method"’

In the slow varying channel it can be considered to remain
the same channel in two adjacent OFDM symbols dura-
tion. That is H(p,n) ~ H(p,n+ 1). The main steps of these
algorithms are divided into three parts [9].
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@ Use the pilot frequency information of two adjacent
OFDM symbols, and get the information related to inter-
ference; use detection algorithm to obtain the position of
interference sub-carrier.

@ The channel frequency domain response at the inter-
ference sub-carrier should be compensated. The compen-
sation method can be make the channel information at the
adjacent pilot sub-carrier directly as the channel estimated
value at the interference sub-carrier, or use the channel in-
formation of the adjacent guide frequency sub-carrier and
the interpolation algorithm to get the channel frequency
response at the interference sub-carrier.

@ Use the interpolation algorithm and let the chan-
nel frequency response at the processed pilot sub-carriers
through time-frequency two-dimensional interpolation to

get the channel frequency domain response at all sub-carriers.

And the interpolation algorithms can be but the linear in-
terpolation, cubic interpolation, DFT interpolation and so
on. In the case of interference-free environment, the differ-
ence of the channel frequency response between the two
adjacent OFDM symbol pilot sub-carrier is [9]:

AH(p) = H(p,n) — H(p,n + 1)
W) Wpn+ D) ®)
~ Alp,n)  A(p,n+1)

As reference [9], AI:I(p) obeys the complex Gaussian
distribution ,that is, mean is 0 and variance is ZO'%V / |A(p)|2.
Meanwhile the estimated value of Gaussian white noise
variance is:

R 1 - | K-1
o7 = = =ED(p) =% ,Zo D(p) )

And where,
D(p) = IAPAA )| 2 (10)

While in the case of interference, there is a large devia-
tion in the Gaussian noise variance estimation getting from
above formulas. At this point, it can use the order statistics
of D(p) to solve. Rank the sequence {D(p)|0 < p < K — 1}
in ascending order, and obtain the new sequence
{D(p)IOSpSK—l}. Take the front r;, 0 < r; < K -1

order statistics and its joint probability density as follows:

oday, dey, ... dirp) (11)

K)! . 1
- ol = Fee " [ ] e
- i=1

Take the logarithm for both sides of the equation (11)
and by Derivation. Thus obtain the maximum likelihood
estimates of 62

_ (K —r1q)
=

A2 _
oy =

1<
Don+ Z D) (12)
i=1

| =

The reference [9] shows that the false alarm probability
of statistics D(p) is:

DrA = (1 + r_);) (13)

where vis for a threshold factor. Give the fixed false alarm
probability (pra), and obtain value of the corresponding
yby it. Take the threshold as flow:

T =52 (14)

According to the threshold value D(p) > T, the pilot
sub-carrier is considered to be subject to interference, or
not.

For channel estimates of part with interference’s pilot
sub-carrier do the following to restore:

H(p) = median(H(n),n=p—t,...p+1) (15

where median (.) is for median, and C = 2¢ + 1 is for the
filter window of the conditioned median.

The computational complexity of the method proposed
in [9] is low, and under certain assumptions, it can effec-
tively eliminate the impact of the part with interference to
the channel estimation:

@ The part with interference position remains unchanged
in the two adjacent OFDM symbols;

@ The share of bandwidth of the sub-carrier with con-
tinuous interference should be less than the coherence band-
width of the channel;

@ The ratio of the channel multi-path delay 7; and the
system sampling time 7 is an integer. And the adjacent
pilot sub-carrier interval between the sub-carriers m, the
number of sub-carrier, and the OFDM symbols of the to-
tal number of pilot sub-carrier are to satisfy the following
relationship: N = mK;

If the equation (1) is not satisfied, it will lead to the
detected pilot sub-carrier with interference more than the
actual number and a false alarm will come out; If the equa-
tion (1) is not satisfied, the channel frequency response at
the pilot sub-carrier with interference can not be an ef-
fective recovery, which will directly affect the subsequent
DFT interpolation performance; If the equation (3) is not
satisfied, make the point of K inverse transform of discrete
Fourier for the sequence {H(p) [0-1 }, and thus, the time
domain impulse response A(/) of the effective diameter has
been broadening. The noise path also contains a part of
the energy of the (), which brings difficulty to multi-path
decision, resulting in the degradation of the DFT interpo-
lation performance.

2.2. EM Algorithm"?!

EM Channel estimation method uses the previous channel
impulse response (CIR) estimated value and receives the
pilot information, to get an estimated value of the interfer-
ence signal and noise variance. Use the estimated value,
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according to LS or minimum mean square error MMSE
criterion, and obtain the current iterative channel estima-
tion. Do iteratively until the system performance to con-
vergence or to the number of iterations.

Convenient for the description, definition [13]:

(p) = {0’& + 0'?, Jjammed pilot (16)

2
o others

Given the unknown parameters (h, 0'2), from Eq. (6)
shows that, {Y (n)} normal distribution with mean for AH,
the covariance matrix C = diag {o-z(p),O <p<K- 1}
Gaussian distribution, the joint distribution density func-
tion is:
p(Y[ho?) (17
K-1 1 | M

=| |———xp|-——= ) Z.(p,h)
=0 (r2(p))™ a*(p) ;

where M is the number of selected OFDM symbol, and
assume that the M symbol duration, h remain unchanged,
Zy(p,h)is

Z,(p,h) = Y(p,n) — A(p)H(p) (18)

[13] assume that o%(p) is a random variable, and obey
The inverse-gamma distribution, its probability density func-
tion is: 1 1

2\ _ 2
p(a)-;exp(—oj),(f >0 (19)

Using Eq. (17) and Eq.(19), [13] simplifies the edge
likelihood function

K-1 M
@(h)=->In [/l + 12, (p,h)|2]

p=0 n=1

(20)

You can use the EM algorithm for solving of 4, the
maximum likelihood solution [13].

hy e = arg max {@ ()} 2D

It is worth noting, the algorithm presented in the pa-
per [13] also assumes that the channel multi-path delay is
known. However, the channel multi-path delay is unknown
or the errors of the true value exist, the algorithm perfor-
mance will deteriorate. So the channel multi-path delay es-
timation in robust interference environment is worthy of
further study.

3. Narrowband interference detection
technology

3.1. Single-threshold CME algorithm

The main idea of the CME (Consecutive mean excision)
algorithm [18] is that according to the received signal sta-
tistical characteristics, set a reasonable threshold parame-
ter y. After get the FFT frequency magnitude mean of the

received signal, regard the product of the two as the thresh-
old value of the algorithm.

For this Single-threshold detection method, it is often
difficult to strike a balance between the detection proba-
bility and the false alarm probability. When the threshold
is higher, it can be avoided false alarms caused by back-
ground noise, but the missed detection event occurred at
the same time, when the threshold is lower, false alarm is
inevitable.

3.2. Dual-threshold CME algorithm

On account of Single threshold shortcomings, the paper
[15] presents dual-threshold algorithm based on the CME.
The main steps of the algorithm is as follows:

Initialize: order m = 1, take the first M from the se-
quence @, = {¢(k)|0 < k < N — 1}, and get the lower thresh-
old

M-1
Tiow(m) =1 )" $(k)

k=0

(22)

where, the sequence @, get from the sequence
{lY(k)|10 < k < N — 1} in ascending order.
Step 1: Order m = m + 1.
Step 2: update the sequence @,, as follows
Dy = {IYIINY I < Tig(m),0 <k <N -1}  (23)

Step 3: Update T, (m)

Tiw(m) =1 Y 1Y(K)|

[Y(K)lePrn

(24)

Step 4: When the number elements in @,, are no longer
increasing, go to step 5. Otherwise repeat steps 1-3.
Step 5: Depend on the following formula to get a higher
threshold:
Thign =72 Y, Yk

[Y(R)leDy,

(25)

Compare those the amplitude sequence
@, = {[Y®INY &) > Tipn(m),0 < k <N -1}, which is
greater than the lower threshold, with T},;e,. When the re-
sult is greater than T}y, the sub-carrier is in interference.
Otherwise the sub-carrier is not.

3.3. Detection algorithm based on the minimum
threshold selection strategies

Above detection algorithms based on CME all require iter-
ative process, making this kind of algorithm present delays
in the process and the iterative process also increases the
computational complexity of the system. In order to avoid
the false alarms caused by the randomness of the back-
ground noise, the paper [16] considers that compute the
average of the multiple OFDM symbol, making this mean
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more reliable. Because of the algorithm needs to assume
that the interference suffered by the OFDM symbols of L
is not unchanged, when this assumption is not satisfied, the
performance of the algorithm will decrease.

4. Channel Multipathdelay Estimation

EM channel estimation method need to predict the chan-
nel multipath delay position13. this article will focus on
the interference environment, the channel multipath delay
estimation.

Without interference, re-writing Eq.(7):

H= Zi O (1)) exp( 115—7111) h(l) + A™'W (26)
= Ohy + w
which the vector
hy =
[h(o)e—jzmoA/(NT.‘)’ o (L - l)e—j27rTL,1A/(NTJ)]T @7
Vector
O () = [1,...exp (= j2nrig(K - )/ (NT)]"  (28)
Matrix
0 =[0(1),...0(1,-1)] (29)

is KL Order Vandermonde matrix.

It is noteworthy that similar mathematical expression
model, Eq. (26) exactly and ANP [17] spectrum estima-
tion. This means that the estimated value of the channel
multipath delay 7;(0 </ < L — 1) can ANP spectrum esti-
mation.

Directly according to the ANP, when interference power
is strong channel multipath delay estimation will bring great
error. Therefore, during the multi-path delay estimates be-
fore the deal with H(p) contains large interference sup-
pression. Eq. (26) Section p element in H(p) can be writ-
ten as

L-1
2n ) W(p) 30)

Hp)= > h() exp( j——11(qp)
; NT, ()

Without loss of generality, we assume the channel time-
domain response of h(l), 0 <1 < L—1 obey zero mean, the
variance of 0'} (Dcomplex Gaussian announced, and be-
tween h(l) and h(k) independent of each other which the
| # k.Because W(p) distribution with mean 0 and variance
of 2, complex Gaussian distribution, and W(p) and h(l)
are independent of each other. H(p) also obey complex
Gaussian announced its zero mean, variance:

2

o (p)—Zahm 31)

|A(p )I2

Assume that each pilot’s modulus values of the sym-
bols is the same everywhere, and everywhere the same,
the variance of H(p) for any p,0 < p < K — 1 variable,
H(p) obey the same distribution. In order to increase the
accuracy of the estimates of a'z (p), by averaging all the

pilot subcarriers at the 0'2 (p), 0'?1 (p) is an estimate:

K-1 K-1

1 N
o =2 D AP

p=0 p=0

=L (32)

Use of the CME (Consecutive mean excision) algo-
rithm and improved dual threshold the CME [18], the pilot
subcarriers at the channel frequency-domain estimates for
the following judgment:

1) Initialization:

Ascending order, the sequence

{Aplo<p<k-1} (33)

get the sequence

r(m0<p<K-1} (34)

before the sequence is removed, the M value is expressed
as
Iy ={r(p)l0 < p<M -1} (35)

where m = 0, M is a given constant. Can get a lower
threshold, as follows

M-1

Tiow(m) =71 ), 7(p)

0

(36)

2)Step lletm=m+ 1
3) Step 2 Through the following ways to update the
sequence 11,

11, = {"(P) |r(P) < Tlow(m)’o <p=< K-1 } (37)
4) Step 3 Update T,,,(m):
Tiw(m) =1 . (p) (38)

r(p)elly,

5) Step 4 When no further increase in the number of
elements in the I7,,, go to step 5, otherwise repeat steps
1-3;

6) Step 5 Higher threshold according to the following
formula:

Thign(m) =2 ), #(p) (39)
r(p)ell,
Those greater than the lower threshold sequence
I, = {r(p) Ir(p) > Tio(m),0 < p < K =1} (40)

Thgn comparison, that the sub-carrier to be disturbed
is greater than T}, or that the sub-carrier interference.
Subcarriers, the channel frequency response value is set to
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a constant guide for these interference. Repeated the above
process, you can get an estimate of the channel multipath

delay 7;, 0 <1 < L — 1. Then we can get Q in the Eq. (2)
and h by EM algorithm. So

H,; = Fh (41)
where
(F)i; = exp (—j2nrk/ (NT5)) (42)
0<k<N-1,0<I<L-1

5. Simulation Results And Analysis

5.1. Comparing different channel estimation
technologies under the environment of
interference

OFDM system parameters as is shown in table 1. The chan-
nel parameters as is shown in table 2 and 7'y = 2.5x 107,
Pilot pattern as is shown in table 3.

Parameters for joint noise variance and channel esti-
mation algorithm [9] as is shown in table 4. And A4 = 0.1,
M =1 in EM algorithm.

Table 1 OFDM system parameters

Parameter name Parameter values
The number of subcarriers N 1024
Modulation mode QPSK

Table 2 OFDM Channel parameters

Multipath Multipath Multipath
Numbers delay(s) fading(dB)
1 0 0
2 1x107° 0
Table 3 OFDM Pilot pattern
Y| 4
Pilot interval m 6
Total Pilot number K 170

Denote Normalized Mean Square Error (NMSE) as

1 S
NMSE®H) = - Z

s=1

|H(k, 5) - Ak, )

43
|H(k, s)I )

Table 4 OFDM Parameters for joint noise variance and channel
estimation algorithm

Parameter name Parameter values
Detection probability Py 0.999
False-alarm probability pps 45x107
¥, d,0 K / 2
C 2+ 1
1
10
—8— EM, I"ite
——  EM, 2" ite
—— EM, 3“ite
of|— EM, 4" ite
10 f| —— ]
m
§ —
Z10E E
, /
10k z N -
05— g 5 10 02530
JSR(dB)

Figure 1 NMSE performance of two algorithms with different
JSR.

where H(q, k) is channel frequency responsibility on the
kth subcarrier of the sth OFDM symbol. N is the number
of total subcarriers and S is the number of total OFDM
symbols.

Figl compares NMSE performance of EM algorithm
and joint noise variance and channel estimation algorithm
with different JSR. Where S NR = 15dB and the interfer-
ence is the same between two OFDM symbols. The num-
ber of jammed pilot subcarriers is 5. Fig 3 shows the per-
formance of the joint noise variance and channel estima-
tion algorithm [9] is worse than EM algorithm [13] due to
N +# mK.

Fig2. compare NMSE performance of two algorithms
with different number of jammed pilot subcarriers. Where
SNR = 15dB and JSR = 10dB. Because r; = 50 with
joint noise variance and channel estimation algorithm, when
the number of jammed pilot subcarriers is more than 120,
the performance will significantly decreased.

5.2. Comparing different Narrowband
interference detection technology

OFDM system parameters as is shown in table 1. For OFDM
systems, the receiving end of received frequency signal be-
cause do not meet the above all kinds of part with disturbed
detection algorithm of hypothesis conditions, each detec-
tion algorithm on the threshold of the parameter selection
can only rely on experience value. But these algorithm
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—— EM,4"ite
—— 9

20 40 60 80 100 120 140 160
Number of jammed pilots

Figure 2 NMSE performance of two algorithms with different
number of jammed pilot subcarriers.

testing ideas still stand. In emulation, threshold parame-
ters in Single threshold CME y = 2.3, lower threshold of
threshold parameters in double threshold CNE y; = 1.95,
higher threshold of threshold parameters y, = 2.4, based
on the minimum threshold selection strategy detection al-
gorithm L = 32, threshold parametersy = 2.8. Define
interference factors is The ratio of interference bandwidth
and system bandwidth, p = 0.1, and assume that the inter-
ference bandwidth for continuous bandwidth.

Define detection probability is equal to detect and ac-
tual interference sub-carrier position matching the ratio of
the number of sub-carriers of the Interfere and the num-
ber of sub-carriers of the actual interference, Define false-
alarm probability is equal to the ratio of Be mistaken for
disturbed sub-carrier number and not subject to interfer-
ence sub-carriers.

Fig 3 shows the performance graph of the probability
of detection of a variety of partial band interference detec-
tion technology with JSR change. Which SNR =2 dB, dis-
turbed sub-carrier position in the communication process
remains unchanged. Figure 4 shows the probability of false
alarm performance chart. As can be seen from the graph, A
single threshold CME and double threshold CME perfor-
mance quite, detection algorithm based on the minimum
threshold selection strategies because seeking an average
of multiple OFDM symbols, avoiding false alarms due to
random noise, Improving the interference detection. How-
ever, because of this method for more than one symbol for
average , making this method of tracking ability of inter-
ference change significantly decreased.

As an extreme case, The hypothesis in each OFDM
symbol, Interference of sub-carrier at first position are not
all the same, Fig. 5 and Fig. 6 shows the diagram of this
case, The Performance figure of Various detection algo-
rithm with JSR change. Which SNR = 2 dB. May be evi-
dent from the figure, Rapid deterioration of selection strate-
gies based on the minimum threshold detection algorithm
performance, This is due to the algorithm is an average of
more than one OFDM symbol that decline the ability of

Detection probability
S,

—— Single Threshold CME[18]
—— Double Threshold CME[15]
—8— Minimum Value Based Threshold [16

15 20 25 30 35 40

510
JSR(dB)

Figure 3 Kinds of interference detection algorithm detect prob-
ability performance in different JSR: interference with the same
location.

-2
10
—— Single Threshold CME[18]
—— Double Threshold CME[15]
—&— Minimum Value Based Threshold [16
Z
2] oo —
£ =
SN
E10F
E10
<
g
G
25
o g g—a—8s—8—14
LB
104 . s . L . . L L s
=15 -10 -5 15 20 25 30 35 40

510
JSR(dB)

Figure 4 Kinds of interference detection algorithm detect False-
alarm probability performance in different JSR: interference with
the same location.

10 S S —
-1
210 .
z
=]
2
i="
£ 10] ]
3
5
o
10 4
—o— Single Threshold CME[18]
—=— Double Threshold CME[15]
4 —8— Minimum Value Based Threshold [16
1QS -0 -5 0 5 10 15 20 25 30 35 40
JSR(dB)

Figure 5 Kinds of interference detection algorithm detect proba-
bility performance in different JSR: Interference position random
changes.

the algorithm on interference tracking. There is almost no
change in the performance of other algorithms.
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< 1%

False-alarm probability
=%

S,
=

—e— Single Threshold CME[18]
—*— Double Threshold CME[15]
—B8— Minimum Value Based Threshold [16]

5 .10 -5 0 5 10 15 20 25 30 35 40
ISR(dB)

Figure 6 Kinds of interference detection algorithm detect False-
alarm probability performance in different JSR: Interference po-
sition random changes.

5.3. The performance comparison of the
multipath delay estimation algorithm

Baseband OFDM system parameters shown in Table 1.
Channel parameters such as shown in Table 2, the pilot
pattern using the comb pilot, as shown in Table 3.

The lower threshold (17) (20) of the parameter y; =
2.42, the higher threshold parameter y, = 3.

Fig. 7, Fig. 8 gives the diagram of the NMSE per-
formance of the improved EM channel estimation algo-
rithm with the JSR and SNR change, in which the inter-
ference pilot subcarriers and subcarriers to five continuous
conduction, the ideal reference channel normalized delay
known case of Fig. 7, SNR = 15dB, Fig. 2, JSR = 15dB.

It can be seen from the figure, the methods and chan-

nels normalized delay known under the EM estimation method

performance is closer.

From Fig. 8, the method in the case of high SNR per-
formance platform, this is due to the normalized time delay
estimation there is a performance platform in the channel
under the interference environment.

Fig. 9 shows the interference environment, the use of
improved EM channel estimation algorithm for channel
estimation in OFDM system BER performance chart, known
maximum likelihood channel estimation system BER per-
formance and delay due to the interference-free environ-
ment using the EM channel estimation algorithm of the
system BER performance is almost the same, so the dia-
gram will omit. From the figure, the improved EM channel
estimation algorithm of the system BER performance very
close to the BER performance and interference.

6. Conclusion
This paper presents an interference environment, the chan-

nel time delay estimation algorithm. Analysis research pi-
lot at the channel frequency response value of statistical

Idr—e— 1™ ite.
—— 2"ite.
—— 3Yjte.
ol amice.
10"H —e— 4th ite. with ideal ref.

10
JSR(dB)

Figure 7 Improved EM channel estimation NMSE performance
changes with the JSR.

N
10 —

——

1™ ite
2" ite,
39ite
th -
—o— 3"ite with ideal ref.
4| —— ML without interference

0 5

15 25 30
SNR(dB)

Figure 8 Improved EM channel estimation NMSE performance
with SNR change.

—o— 3"ite with ideal ref.

15 20 25 30
SNR

5 10

Figure 9 BER performance of OFDM system using improved
EM channel estimation method.

properties, we use dual threshold CME algorithm to be
strong interference suppression. Using Alternating Notch
Periodogram (ANP) algorithm, we can get path delays of
channel. Simulation results show that the channel this arti-

© 2012 NSP
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cle to obtain a more accurate delay estimation, and can get
very close to the ideal delay performance.
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