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A time domain channel prediction method exploiting features of sparse channel is proposed for orthogonal frequency division
multiplexing (OFDM) systems.Theproposed predictor operates in the time domain on each channel tap and separates the negligible
taps from significant channel taps before performing prediction.We also compare the proposed predictionmethodwith the classical
frequency domain method realized at each OFDM subcarrier and demonstrate that our method increases the prediction accuracy
and reduces the computational complexity. Simulations on the physical channel model verify the performance of the proposed
method.

1. Introduction

OFDM has received considerable interest for its advantages
of converting frequency-selective fading channels into a
parallel collection of frequency flat subchannels and reducing
intersymbol interference (ISI) [1]. Adaptive transmission is
a promising technique to provide a good throughput per-
formance for OFDM systems [2]. In adaptive transmission,
accurate channel state information (CSI) for the upcoming
transmission frame is needed. In fast variation channels, the
estimated CSI will be soon outdated, and channel prediction
is the sole way to provide the future CSI.

Due to the parallel transmission scheme of OFDM sys-
tems, existing channel predictors are often realized at each
OFDM subcarrier in the frequency domain [3].The variation
at each subcarrier is a combined variation of multiple taps,
which makes it difficult to accurately predict the channel. In
the time domain, some effective channel predictors (such as
[4]) have been proposed. In practical terms, wireless channels
are often sparse [5]; that is, there are not so many channel
taps with significant energy (if compared to the number of
subchannels of OFDM), and several approaches have been
proposed to exploit this property in channel estimation.
One of the most widely used approaches is significant tap
selection method [5, 6], which uses a measure to determine
which channel tap is significant. In contrast to the significant

tap selection approach, the matching pursuit type algorithm
is employed in [7, 8] to estimate channel taps iteratively
by maximizing the correlation of a column of the mixture
matrix with the residual signal. More recently, the new field
of compressive sensing has proposed effective solutions to
exploit channel sparsity, such as [9, 10]. However, the existing
time domain predictors ignore this sparsity of radio channel.

This paper presents a new time domain predictor exploit-
ing the features of sparse channel for OFDM systems. Firstly,
the proposed predictor transforms the estimated frequency
domain channel samples in time domain and operates on
each channel tap. Secondly, the predictor separates the negli-
gible taps from the significant channel taps before performing
prediction. The proposed predictor mainly has the following
characteristics.

(1) The proposed channel predictor operates on channel
taps in the time domain impulse response. Each
channel tap contains a number of subpaths, while the
variation at each subcarrier of OFDM is a combined
variation of all taps. Thus, the single channel tap with
less subpaths is more predictable than the subcarrier
of OFDM [11].

(2) In sparse channel, many channel taps have no energy
at all except for estimation noise. Separating those
negligible channel taps from the significant ones
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in channel will eliminate the noise perturbation and
make the prediction more accurate.

(3) Since the number of significant channel taps is much
smaller than that of OFDM subcarriers, the proposed
time domain method operating on the significant
channel taps has a much lower prediction complexity
than the frequency domain method.

(4) As the number of significant channel taps to be
predicted is small, we can employ the predictor with
higher complexity but having a superior tracking
ability for each tap, without worrying about the
overall computational complexity.

The rest of this paper is organized as follows. Section 2
describes the system model. Section 3 proposes the time
domain prediction method exploiting the features of sparse
channel. Section 4 illustrates the performance evaluation,
while Section 5 is the conclusion.

2. System Model

We consider an OFDM modulation system with 𝐾 sub-
carriers operating over a wideband channel. The receiver
architecture is shown in Figure 1. Note that the cyclic-prefix
(CP) discarding is omitted in this figure. The received signal
is

𝑟 [𝑛] =

𝐿
𝑡
−1

∑

𝑙=0

ℎ [𝑛, 𝑙] 𝑠 [𝑛 − 𝑙] + 𝑧 [𝑛] , (1)

where𝐿
𝑡
is the channel’smaximumdelay, 𝑠[𝑛] is the baseband

transmit signal, 𝑧[𝑛] is additive noise, and ℎ[𝑛, 𝑙] is the radio
channel given as

ℎ [𝑛, 𝑙] =

𝐿

∑

𝑖=0

ℎ [𝑛, 𝑙
𝑖
] 𝛿 [𝑙 − 𝑙

𝑖
] , (2)

where ℎ[𝑛, 𝑙
𝑖
] is the complex amplitude of 𝑖th tap at time 𝑛,

and 𝐿 is the number of channel taps. Note that 𝐿 is usually
much smaller than 𝐿

𝑡
due to the fact that the time domain

impulse response of sparse channel consists of a large number
of zero taps in the standard uniform tapped delay model.

In the receiver, the discrete-Fourier-transform (DFT)
output frequency domain subcarrier symbol is [3]

𝑅 [𝑚; 𝑘] = FFT
𝐾 {𝑟 [𝑛]} = 𝐻 [𝑚; 𝑘] 𝑆 [𝑚; 𝑘] + 𝑍 [𝑚; 𝑘] ,

(3)

where 𝑅[𝑚; 𝑘] is the received signal at the 𝑘th subcarrier
of the 𝑚th OFDM symbol, 𝑆[𝑚; 𝑘] is the transmitted signal
modulating the 𝑘th subcarrier of the 𝑚th OFDM symbol,
𝑍[𝑚; 𝑘] is the corresponding noise, and 𝐻[𝑚; 𝑘] is the
channel coefficient given as

𝐻[𝑚; 𝑘] =

𝐿
𝑡
−1

∑

𝑙=0

ℎ [𝑚; 𝑙] 𝑒
−𝑗2𝜋𝑙𝑘/𝐾

, (4)

where ℎ[𝑚; 𝑙] is the channel response of the 𝑙th delay in the
𝑚th OFDM symbol, and it is assumed to be constant over

𝑟[𝑛] 𝑅[𝑚; 𝑘] �̂�[𝑚; 𝑘] �̃�[𝑚 + 1; 𝑘]
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Figure 1: OFDM receiver.
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Figure 2: Time domain predictor for sparse channel.

an OFDM symbol duration. Then, the DFT output 𝑅[𝑚; 𝑘]

will be processed by the channel estimator, and we have the
estimation result as [3]

�̂� [𝑚; 𝑘] = 𝐻 [𝑚; 𝑘] + 𝑍 [𝑚; 𝑘] , (5)

where 𝑍[𝑚; 𝑘] is the white Gaussian estimation noise caused
by background noise and the receiver imperfections, with
variance 𝜎

2. Here, we define the estimation SNR as SNR
𝑒
=

𝐸[|𝐻[𝑚; 𝑘]|
2
]/𝜎
2.

Existing channel predictors for OFDM are often realized
in the frequency domain. For the 𝑘th (𝑘 = 0, 1, . . . , 𝐾 − 1)

subcarrier, the frequency domain method is given by

�̃� [𝑚 + 1; 𝑘] =

𝑝−1

∑

𝑖=0

𝑤
∗

𝑖
[𝑚; 𝑘] �̂� [𝑚 − 𝑖; 𝑘] , (6)

where �̃�[𝑚 + 1; 𝑘] is the predicted channel sample at the
𝑘th subcarrier, 𝑤

𝑖
[𝑚; 𝑘] is the prediction coefficient at the

𝑘th subcarrier, and 𝑝 is the prediction order. The prediction
coefficients can be updated using adaptive algorithm, and it
will be introduced in next section.

3. The Proposed Time Domain Method

In OFDM systems, the entire channel is divided into many
narrow parallel subchannels, and so it is easy to under-
stand why the frequency domain methods realize at each
OFDM subcarrier as (6). However, the frequency domain
methods will be limited on the following grounds. Firstly,
as introduced in Section 1, the subchannel of OFDM is not
as predictable as the channel tap in time domain. Secondly,
the number of OFDM subcarriers is much larger than that
of taps in sparse channel, which leads to a high prediction
complexity. Last but not least, the nonsignificant channel
taps can be neglected to eliminate the noise perturbation
and to make the prediction more accurate. The proposed
time domain channel prediction method is described in the
following.
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For 𝑙 = 1, . . . , 𝐿 cp − 1,
Compare ℎ̂1



2

, . . . ,

ℎ̂
𝐿cp



2

:
(1) Select the 𝐿

𝑠
significant taps, and perform prediction on each significant tap;

(2) Set the other 𝐿 cp − 𝐿
𝑠
taps as zeros.

For 𝑙 = 𝐿 cp , . . . , 𝐾 − 1,

Set ℎ̃ [𝑚 + 1; 𝑙] = 0 directly.

(Note: ℎ̂𝑙


2

is the average power of 𝑙th tap, averaged from the previous estimation samples.)

Algorithm 1: Tap selection algorithm.

3.1. Predictor Architecture. The time domain predictor for
sparse channel is shown in Figure 2. The input of the pro-
posed predictor is the frequency domain channel estimation
coefficients �̂�[𝑚; 𝑘], 𝑘 = 0, 1, . . . , 𝐾 − 1. Firstly, a 𝐾-point
IDFT is applied to the input, which yields

ℎ̂ [𝑚; 𝑙] = IFFT
𝐾
{�̂� [𝑚; 𝑘]} . (7)

Secondly, tap selection algorithm will select the significant
channel taps. Then, if ℎ̂[𝑚; 𝑙], the 𝑙th estimated tap is
significant, and it will be applied to the predictor with
prediction coefficients d[𝑚; 𝑙]; otherwise, it will be set as zero.
Finally, the predicted time domain channel coefficients will
be transformed back to frequency domain

�̃� [𝑚 + 1; 𝑘] = FFT
𝐾
{ℎ̃ [𝑚 + 1; 𝑙]} . (8)

In the proposed method, an additional operation is trans-
formation between time and frequency domains. Due to
the employment of FFT implementations, the computational
complexity of the transformation is very low. In the following,
we introduce the tap selection and the adaptive prediction
algorithms.

3.2. Tap Selection. Assume that the CP length of OFDM
system is 𝐿cp, and the channel’s maximum delay does not
exceed 𝐿cp. Then, for 𝑙 = 0, . . . , 𝐿cp − 1, the time domain
channel estimation of (7) can be written as

ℎ̂ [𝑚; 𝑙] = {
ℎ [𝑚; 𝑙] + 𝜍 [𝑚; 𝑙] , significant tap,
𝜍 [𝑚; 𝑙] , zero-valued tap,

(9)

while for 𝑙 = 𝐿cp, . . . , 𝐾 − 1, we have

ℎ̂ [𝑚; 𝑙] = 𝜍 [𝑚; 𝑙] , (10)

where 𝜍[𝑚; 𝑙] = IFFT
𝐾
{𝑍[𝑚; 𝑘]} is the noise, in time

domain. In this paper, we use the most significant channel
tap approach [5] to identify the significant channel taps. The
selection algorithm is shown in Algorithm 1.

3.3. Adaptive Prediction. Since radio channel is time varying
in practice, the predictor should adjust itself with the goal of
tracking the change of channel. Least-mean-squares (LMS)

and recursive-least-squares (RLS) [12] are twomajor adaptive
methods used for channel prediction. It is well known that the
LMS predictor is simple to implement, but its ability to track
time-varying channel is also limited. In contrast, RLS predic-
tor has a superior tracking ability, but with a much higher
complexity. As a result, when computational complexity is a
primary concern, the RLS will not be broadly adopted by the
frequency domain methods, as too many predictors will be
involved in such methods. In this paper, through exploiting
the features of sparse channel, the proposedmethod only uses
a small number of predictor. Hence, the RLS can be adopted
for channel predictionwithout worrying about the prediction
complexity. For significant channel taps, the RLS predictor is
as follows:

ℎ̃ [𝑚 + 1; 𝑙] = d𝐻 [𝑚; 𝑙] ĥ [𝑚; 𝑙] , (11)

where

d [𝑚; 𝑙] = [𝑑
0 [𝑚; 𝑙] , . . . , 𝑑𝑝−1 [𝑚; 𝑙]]

𝑇

,

ĥ [𝑚; 𝑙] = [ℎ̂ [𝑚; 𝑙] , . . . , ℎ̂ [𝑚 − 𝑝 + 1; 𝑙]]
𝑇

(12)

are the prediction coefficient vector and the estimated time
domain channel coefficient vector, and 𝑝 is the prediction
order. The updated equation of RLS is as follows:

d [𝑚; 𝑙] = d [𝑚 − 1; 𝑙] + k [𝑚 − 1; 𝑙] 𝑒
∗
[𝑚; 𝑙] , (13)

where

𝑒 [𝑚; 𝑙] = ℎ̂ [𝑚; 𝑙] − d𝐻 [𝑚 − 1; 𝑙] ĥ [𝑚 − 1; 𝑙] (14)

is the prediction error, and

k [𝑚; 𝑙] =
p [𝑚 − 1; 𝑙] ĥ [𝑚; 𝑙]

𝜆 + ĥ𝐻 [𝑚; 𝑙] p [𝑚 − 1; 𝑙] ĥ [𝑚; 𝑙]

(15)

is theRLS gain vector, where𝜆 is the forgetting factor. Further,
the matrix p[𝑚; 𝑘] can be calculated recursively as

p [𝑚; 𝑙] =
1

𝜆
(I − k [𝑚; 𝑙] ĥ𝐻 [𝑚; 𝑙]) p [𝑚 − 1; 𝑙] . (16)

4. Simulation Results

In this paper, we compare the NMSE performance of five
channel prediction methods.
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(1) Frequency domain (FD) method shows prediction at
each OFDM subcarrier in the frequency domain; that
is, �̂�[𝑚; 𝑘], 𝑘 = 0, 1, . . . , 𝐾 − 1.

(2) Time domain (TD) method shows prediction on each
channel tap in the time domain; that is, ℎ̂[𝑚; 𝑙], 𝑙 =

0, 1, . . . , 𝐾 − 1.
(3) The first 𝐿cp taps of time domain (𝐿cp-𝑇𝐷) show

prediction on each of the first 𝐿cp channel taps; that
is, ℎ̂[𝑚; 𝑙], 𝑙 = 0, 1, . . . , 𝐿cp − 1.

(4) The 𝐿
𝑠
significant taps of time domain (𝐿

𝑠
-𝑇𝐷) show

prediction on each of the 𝐿
𝑠
significant channel taps,

which are selected by the tap selection algorithm.
(5) Exact time domain (exact-TD) method shows that the

𝐿 channel taps are known exactly, and the prediction
is operated on each of the𝐿 channel taps.Thismethod
provides a reference in the comparison.

The five methods all employ RLS predictors for predic-
tion. All RLS predictors have the same parameters: the order
𝑝 = 10 and the forgetting factor 𝜆 = 0.9.

In this paper, we use the standardized 3GPP channel
models [13], which model the realistic scattering environ-
ments and generate realistic fading datasets, to test our
prediction algorithm. The urban microscenario with 𝐿 =

6 taps is simulated for performance evaluation. The car-
rier frequency is 2GHz and the velocity of MS is 10m/s,
which leads to amaximumDoppler shift about𝑓max = 67Hz.
The data sampling rate is set as 8MHz, while the sampling
rate used for channel estimation is set as 𝑓

𝑠
= 8𝑓max, which

is much lower than the data rate and higher than double of
the maximum Doppler shift. In this simulation, 200 channel
samples are generated. The first 100 samples are used for
observation and the prediction training, while the second
100 samples are for performance evaluation. The FFT size of
OFDM system is 128, the CP length 𝐿cp is 32, and the number
of significant taps is set as 𝐿

𝑠
= 2𝐿 according to [5].

The performance of different predictors is compared in
terms of the NMSE defined as

NMSE =

𝐸 [

H (𝑚) − H̃ (𝑚)



2

]

𝐸 [‖H (𝑚)‖
2
]

, (17)

where

H (𝑚) = [𝐻 [𝑚; 0] , . . . , 𝐻 [𝑚;𝐾 − 1]]
𝑇
,

H̃ (𝑚) = [�̃� [𝑚; 0] , . . . , �̃� [𝑚;𝐾 − 1]]
𝑇

(18)

are real and predicted frequency domain channel coefficient
vectors.

The NMSE performance versus the estimation SNR for
different predictors is shown in Figure 3. According to
Figure 3, we have the following results.

(1) The NMSE performance of TD method is better than
that of FD method. It is because the single channel
tap is more predictable than the subcarrier of OFDM
whose variation is a combined variation of all taps.
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Figure 3: NMSE performance comparison for different channel
predictors.

(2) The performance of 𝐿cp-TD is better than TD
method. It is because the noise taps whose delays are
larger than 𝐿cp are separated.

(3) The performance of 𝐿
𝑠
-TD is better than 𝐿cp-TD. It

is because 𝐿
𝑠
-TD can separatemore negligible taps by

exploiting sparse channel features.

(4) The exact-TD method provides a reference in the
comparison. It represents the best NMSE perfor-
mance achievable by exploiting the features of sparse
channel.

(5) The numbers of RLS predictors employed by FD, TD,
𝐿cp-TD, and𝐿

𝑠
-TD are𝐾,𝐾,𝐿cp, and𝐿

𝑠
, respectively.

As 𝐿
𝑠
is small, 𝐿

𝑠
-TD has a lower computational

complexity than the other three methods.

5. Conclusion

A new time domain approach for OFDM channel prediction
is proposed, based on the features of sparse channel thatmany
channel taps have no energy at all except for estimation noise,
as well as the fact that the channel tap in time domain is more
predictable than the subchannel in frequency domain. The
proposed method separates the negligible channel taps and
only performs prediction on the significant ones. Also, the
RLS algorithm with superior tracking ability is employed to
predict each significant tap. Although the coefficients update
of RLS is complex, the overall computational complexity
of the prediction method is not high, due to the limited
quantity of significant channel taps. The effectiveness of
the proposed approach is validated by the simulations on
the physical channel model. As a result, the novel channel
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prediction method can exploit the features of sparse channel
and improve the prediction performance.

Future works will focus on the application of the pro-
posed approach to adaptive transmission schemes inmultiple
antenna systems, including transmit selection diversity and
adaptive beamforming.
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