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Abstract—This paper proposes an adaptive pilot pattern to

improve channel estimation performance for LTE downlink

system with high mobility. The downlink pilot positions are

predefined in the time and frequency domain with fixed pi-

lot pattern in LTE standard. However, that pilot structure

is not efficient in a fast time varying channel, and leads to

a decrease of channel estimation performance. The authors

propose and evaluate the performance of LTE downlink chan-

nel estimation using an adaptive pilot scheme to optimally use

pilot tones over time varying channels. It is shown that only

seven bits of additional wide-band feedback per frame and per

user are required to optimally support adaptive pilot pattern.

Simulation results show that the proposed method allows high

performance in terms of throughput and channel estimation

error. This analysis shows that LTE downlink throughput

could be increased over 4%.

Keywords—channel estimation, LTE, MIMO, OFDM, pilot

pattern.

1. Introduction

Long Term Evolution (LTE) is a new communication tech-

nology based on Orthogonal Frequency Division Multiple

Access (OFDMA) in the downlink (DL) and Single Carrier

Frequency Division Multiple Access (SCFDMA) in the up-

link (UL). Additionally, LTE downlink transmission model

is based on multiple antenna architecture on the transmit-

ter and receiver side [1]. Orthogonal Frequency Division

Multiplexing (OFDM) has been widely applied in wireless

communication systems due to its high data rate transmis-

sion and its robustness to multipath channel delay [2], [3].

However, OFDM system is very sensitive to Doppler fre-

quency shift caused by high mobility of receiver. In such

case, the channel changes within one OFDM symbol and

the orthogonality between subcarriers is broken resulting

the intercarrier interference (ICI). Hence, the system perfor-

mance may be considerably degraded. In order to mitigate

ICI in LTE system, several channel estimation techniques

have been proposed [4]–[7]. Channel estimation is done us-

ing pilots inserted in the transmitted OFDM symbol. The

design of a channel estimator is based on two fundamental

problems:

• the amount of pilot symbols to be transmitted,

• the complexity of the estimator.

In LTE system, the pilots have static positions as defined in

the Release 8 for both Single Input Single Output (SISO)

and Multiple Input Multiple Output (MIMO) scheme [8].

Consequently, this LTE pilot scheme seems not optimal

in terms of throughput because the amount of the pilot

symbols according to channel time selectivity.

In the literature, much work has been carried out in terms of

pilot arrangement in OFDM systems. Two methods classes

are available for pilot arrangements. One is based on reg-

ular patterns, where pilot symbols are equally-spaced in

time and/or frequency domain, whereas the other relies on

irregular patterns.

The optimal spacing design of pilot symbols for OFDM sys-

tems has been investigated by several studies over the past

ten years. In literature, several methods have been designed

for regular pilot lattices that satisfy a suitable Nyquist cri-

terion [9], [10]. These regular patterns are not suitable

for systems in which pilot tones are not equi-powered or

channel is time varying process [11]. Recently, irregular

pilot arrangements were shown to be optimal in the mean

squared error (MSE) sense for certain classes of time vary-

ing channels [12], [13].

In this paper the authors show how to use an adaptive pilot

scheme to optimally use LTE pilot tones over time domain.

These new pilot schemes improve the system performance

and correct the loss of throughput in time varying channel.

This paper is organized as follows. Section 2 presents

MIMO OFDM system model. In Section 3, the LTE pilot

design is introduced. Adaptive pilot design is described in

Section 4. In Section 5, the authors investigate the feed-

back requirements for the proposed adaptive pilot-symbol

pattern. The system simulation results are presented in

Section 6.

2. MIMO OFDM System Model

In this section, the transmission model suitable for further

derivation is introduced. Let us consider the block dia-

gram of MIMO OFDM system with Nt transmit antennas,

Nr receive antennas and N subcarriers (see Fig. 1). Gen-

erated OFDM signals are transmitted through a number of

antennas in order to achieve diversity.

In MIMO OFDM system shown in Fig. 1 (in SISO OFDM

systems Nt = 1), the authors assume that the duration of
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Fig. 1. Block diagram of MIMO OFDM system.

the cyclic prefix is long enough to avoid intersymbol inter-

ferences (ISI).

A received symbol vector at a discrete time index n trans-

mitted over a flat and time-variant MIMO channel can be

written as:

Y
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where X
p
k (n) is the transmitted symbol over the k-th sub-

carrier from the p-th antenna at time index n, Y
q

k (n) is the

received symbol over the k-th subcarrier from the q-th an-

tenna at time index n. H
p
k,i denotes a frequency channel

response between the k-th and i-th subcarrier. Intercarrier

interference can be neglected for time invariant channels

and time varying channels with moderate mobility.

The time-frequency pilot scheme used in a MIMO envi-

ronment is based on orthogonal pilots, which is one of

the innovation used by LTE. When null subcarriers are em-

ployed, the pilots corresponding to the other antennas pilots

have to be turned off (null subcarriers) to avoid interference

between antennas [15].

3. LTE Pilot Scheme

In LTE standard, pilot symbols are transmitted during

the first and fifth OFDM symbol of each slot when the
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Fig. 2. Pilot structure for LTE system.

short cyclic prefix (CP) is used and during the first and

fourth OFDM symbol when the long CP is used [8]. The

frequency spacing between two successive pilot symbols

is 6 subcarriers. Figure 2 illustrates LTE pilot scheme for

SISO case.

The authors propose a novel concept called useful through-

put to characterize throughput Du available to data trans-

mission by taking into account the number of data subcar-

riers and pilot subcarriers in a frame of K OFDM symbols.

The pilot symbols causes degradation in terms of useful

throughput (data symbols), which can be expressed as:

Du =
Number of data tones

Number of tones
D , (2)

where D and Du are the original throughput (data + pilot

symbols) and useful throughput (data symbols), respec-

tively.

Consequently for the purpose of comparison, the ratio be-

tween D and Du is derived for LTE regular pattern and

proposed scheme:

Du

D
(LTE regular pattern) = 1−

Np

4N
, (3)

where N and Np are OFDM number of subcarriers and

number of pilot subcarriers, respectively.

4. Adaptive Pilot Design

An adaptive pilot scheme is proposed to achieve high

throughput gains. This dynamic pilot scheme investigates

time selectivity of the channel to reduce the number of pilot

symbols used. When the channel does not change during

the K OFDM blocks transmission, the first OFDM block

for the transmission of pilot subcarriers is used and the

same channel estimation during transmission of the follow-

ing (K − 1) blocks is kept. This approach allows varying

the amount of the pilot symbols according to channel time
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Fig. 3. Comparison between LTE: (a) regular pattern, (b) pro-

posed pattern.

selectivity. For the purpose of comparison, Fig. 3 shows

a classical LTE regular pattern and proposed irregular

pattern.
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Good bit error rate (BER) performance can be achieved

by the proposed pattern if K satisfies the following ine-

quality

K.T ≤ Tcoh , (4)

where T is the time duration of one OFDM symbol and

Tcoh is channel coherence time. The Doppler spread fd ,

and the coherence time Tcoh, are reciprocally related over

Rayleigh fading channel [14]:

Tcoh ≈
9

16.π . fd

. (5)

Therefore, K is an integer chosen to satisfy the ine-

quality:

K ≤
9

16.π . fd.T
. (6)

An optimal choice of K is:

K =

⌈
9

16.π . fd.T

⌉

. (7)

The ceiling of a number is shown by ⌈.⌉.

Consequently for the purpose of comparison, the ratio

between D and Du is derived for regular pattern and pro-

posed scheme:

Du

D
(LTE regular pattern) = 1−

Np

4N
, (8)

Du

D
(adaptive pattern) = 1−

Np

K.N
= 1−

1

6K
. (9)

Figure 4 shows that the throughput gain of proposed adap-

tive pattern is significant:

throughput gain =
1

6

(
1

4
−

1

K

)

D . (10)
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Fig. 4. Normalized throughput versus fd .T for different pattern

configurations.

From Fig. 4, the two cases can be expressed and com-

pared:

• LTE high performance fd .Tfd .Tfd .T ≤≤≤ 0.04 (KKK≥ 4)

The best performance for LTE is realized at low speeds

up to 15 km/h. However, in LTE high performance

( fd .T ≤ 0.04), mobile speed between 15 km/h and 120 km/h

can be supported with high performance [15]. In this case,

proposed scheme improves the normalized useful through-

put ( fd .T ≤ 0.04). Especially, throughput gain exceeds 4%

for moderate time varying channels ( fd .T ≤ 0.01).

• LTE low performance fd .Tfd .Tfd .T> 0.04 (KKK< 4)

The maximum speed which LTE is designed to man-

age acceptable performance varies from 120 to 500 km/h

( fd .T > 0.04) [15]. In such case, the channel changes within

one OFDM symbol, and higher pilot density is needed for

channel estimation. The pilot symbols in LTE structure

are not dense enough. Proposed scheme has a through-

put decrease in order to allow high channel estimation

performance. To allow the transmitter to update the pilot

pattern, a feedback is required between the receiver and

transmitter.

5. Feedback

In this section, the feedback requirement for adaptive pilot-

symbol pattern in LTE is considered. The LTE radio frame

has a length of 10 ms, and OFDM symbol time duration is

T ≈ 72 µs. The Doppler frequency is given by

fd =
v

c
· f0 , (11)

where f0 is a carrier frequency, v is a mobile velocity and

c is speed of light. The K value is given by Eqs. (7) and (11)

as follows:

K =

⌈
9.c

16.π . f0.v.T

⌉

. (12)

κ is a group with finite number of elements of all possible

K values

κ

{

K =
⌈ 9.c

16.π . f0.T

⌉

knowing that v ∈
[
0−300 km/h

]
}

.

(13)

Knowing that LTE frequency f0 varies from 600 MHz to

3.8 GHz, the number of elements of κ is less than 127.

Since the K value is needed by the eNodeB (emitter) to

update periodically the pilot pattern. This information can

be reported by the user equipment back to an eNodeB

for every frame, knowing that LTE radio frame has a length

of 10 ms.

The extra feedback requirement caused by the proposed

adaptive pilot pattern is less than 7 bits (log2 127 = 7) re-

ported by the receiver to an eNodeB every 10 ms (UL). In

other words, significant improvements in downlink through-

put (more than 4% for low moving speed terminals) can be

obtained at the expense of only 0.7 kb/s throughput loss in

the UL throughput.
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For the purpose of comparison between throughput gain in

DL and throughput loss in UL, in Table 1 the throughput

gain for different velocities are shown.

Table 1

Comparison between throughput gain in DL and

throughput loss caused by feedback requirement in UL

(DL throughput = 300 Mb/s, UL throughput = 75 Mb/s)

Mobility
Throughput Throughput

gain (DL) loss (UL)

v = 3 km/h, fd = 7 Hz
+12 Mb/s –0.7 kb/s

( fd .T = 0.001)

v = 15 km/h, fd = 35 Hz
+11 Mb/s –0.7 kb/s

( fd .T = 0.005)

v = 30 km/h, fd = 70 Hz
+9 Mb/s –0.7 kb/s

( fd .T = 0.01)

v = 120 km/h, fd = 280 Hz
0 –0.7 kb/s

( fd .T = 0.04)

6. Performance Evaluation

In this section, the simulation results of the proposed pat-

tern are presented and the throughput gain of a system

is compared using proposed adaptive pilot pattern, against

a system using fixed pilot pattern defined by LTE standard.

A typical LTE system shall support users moving with

velocities up to 500 km/h, which corresponds a Doppler

frequency of approximately 1150 Hz at a carrier fre-

quency of 2.5 GHz, the duration of one OFDM symbol is

T = 72 µs. OFDM system is simulated using the parame-

ters on DL LTE.

For the purpose of comparison between fixed pilot pattern

in LTE and proposed pattern, in Table 2 an useful through-

put for different velocities is presented.

Table 2

Comparison between LTE pattern and proposed pattern

in terms of normalized useful throughput

Mobility Throughput gain

v = 3 km/h, fd = 7 Hz
4%

( fd .T = 0.001)

v = 15 km/h, fd = 35 Hz
3.7%

( fd .T = 0.005)

v = 30 km/h, fd = 70 Hz
3%

( fd .T = 0.01)

v = 120 km/h, fd = 280 Hz
0%

( fd .T = 0.04)

According to Table 2 and Fig. 5, throughput gain of the

proposed pattern shall achieve more than 4% over time

varying channels with moderate mobility (v < 3 km/h).
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Figure 6 shows that the adaptive pattern performs better

than LTE regular pattern in terms of throughput gain when

fd .T is less than 0.04. When fd .T is greater than 0.04,

LTE regular pattern seems performing better than adaptive

pattern in terms of throughput gain, but it has inferior per-

formance in terms of channel estimation because channel

is time varying inside one OFDM block (LTE low perfor-

mance).

To evaluate channel estimation performances, the authors

consider an OFDM system with N = 256 subcarriers of

which 8 serve as pilot tones (Np = 8), and a variant multi-

path channel model with 4 paths according to Jackes model

(L = 4, Np > L) and 4-QAM modulation. It can be seen

in Fig. 7 that the proposed adaptive pattern has the same

performance as LTE regular pattern.

7. Conclusion

Fixed pilot scheme used by LTE standard causes degra-

dation in terms of useful throughput over moderate time

varying channels. Moreover, it can contribute to low per-

formance over fast time varying channel. The proposed

adaptive pilot design is specifically tailored to optimally

use pilot tones over time varying channels. The adaptive

pilot patterns that adjust density of the pilot symbols in

time domain to time selectivity of channel. This study has

demonstrated the effectiveness of adaptive pilot schemes for

MIMO OFDM channel estimation. Furthermore, the pro-

posed adaptive patterns improve throughput gain compared

to LTE fixed pilot pattern.

References

[1] L. Hanzo, J. Akhtman, M. Jiang, and L. Wang, MIMO-OFDM for

LTE, Wi-Fi and WiMAX. Wiely IEEE Press, 2010.

[2] M. Engels, Wireless OFDM Systems. New York: Kluwer Academic

Publishers, 2002.

[3] A. R. S. Bahai and B. R. Saltzberg, Multi-Carrier Digital Commu-

nications: Theory and Applications of OFDM. New York: Kluwer

Academic Publishers, 2002.

[4] C. Lim and D. Han, “Robust LS channel estimation with phase rota-

tion for single frequency network in OFDM”, IEEE Trans. Consumer

Electron., vol. 52, pp. 1173-1178, 2006.

[5] S. Galih, T. Adiono, and A. Kurniawan, “Low complexity MMSE

channel estimation by weight matrix elements sampling for downlink

OFDMA mobile WiMAX system”, Int. J. Comp. Sci. Netw. Secur.

(IJCSNS), vol. 528, pp. 1173–1178, 2010.

[6] A. Baynast, A. Sabharwal, and B. Aazhang, “Analysis of decision-

feedback based broadband OFDM systems”, in Proc. Asilomar Conf.

on Sig., Syst., and Comp. ACSSC 2005, Pacific Grove, CA, USA,

2005, pp. 692–696.

[7] E. K. Hlel, S. Cherif, F. Tlili, and M. Siala, “Improved estimation of

time varying and frequency selective channel for OFDM systems”,

in Proc. 15th IEEE Int. Conf. Elec., Circ. Syst. ICECS 2008, St. Ju-

lian’s, Malta, 2008, vol. 1, pp. 11–77.

[8] “Physical Channels and Modulation”, 3rd Generation Partnership

Project, Technical Specification Group Radio Access Network,

Evolved Universal Terrestrial Radio Access (E-UTRA), TS 36.211,

V8.8.0, 2009.

[9] P. Hoeher, S. Kaiser, and P. Robertson, “Pilot-Symbol-Aided Chan-

nel Estimation in Time and Frequency”, in Multi-Carrier Spread-

Spectrum, K. Fazel and G. P. Fettweis, Eds. Norwell: Kluwer Aca-

demic Publishers, 1997, pp. 169–178.

[10] Y. Li, L. Cimini, and N. Sollenberger, “Robust channel estimation

for OFDM systems with rapid dispersive fading channels”, IEEE

Trans. Commun., vol. 46, no. 7, pp. 902–915, 1998.

[11] A. Youssefi and J. El abbadi, “Pilot design optimization using mod-

ified differential evolution algorithm in SISO and MIMO OFDM

systems”, J. Basic Appl. Scient. Res., part V, 2012.

[12] P. Fertl and G. Matz, “Channel estimation in wireless OFDM systems

with irregular pilot distribution”, IEEE Trans. Sig. Proces., vol. 58,

no. 6, pp. 3180–3194, 2010.

[13] Z. Tang and G. Leus, “Time-multiplexed training for time selective

channels”, IEEE Sig. Process. Lett., vol. 14, no. 9, pp. 585–588,

2007.

[14] Z. A. Polgar, V. Bota, and M. Varga, “Modeling the Rayleigh-faded

Mobile Radio Channel”, Acta Technica Napocensis-Electronics and

Telecommunications, vol. 47, 2006.

[15] T. Ali-Yahiya, Understanding LTE and its Performance. Springer,

2011.

My Abdelkader Youssefi re-

ceived the engineering degree

in Telecommunications from

the Posts and Telecommunica-

tions National Institute (INPT),

Morocco, in 2003. He is cur-

rently a Ph.D. candidate in the

EMI School of Engineering,

Rabat, Morocco. His research

interests include channel esti-

mation and MIMO OFDM in

Wireless Networks.

E-mail: ab.youssefi@gmail.com

Laboratoire d’Electronique et de Communications

Ecole Mohammadia d’Ingénieurs

Université Mohamed V de Rabat

BP 765, avenue Ibn Sina Agdal 10000

Rabat, Morocco

Jamal El Abbadi received the

Doctoral degree in Telecommu-

nications from the EMI School

of Engineering, Morocco, in

1997, and he is currently a Pro-

fessor at Electrical Engineer-

ing Department, Mohamma-

dia School of Engineers, Mo-

hammed V University, Agdal,

Rabat, Morocco. His research

interests focuses on the systems

of telecommunication and information technology.

E-mail: abbadi@gmail.com

Laboratoire d’Electronique et de Communications

Ecole Mohammadia d’Ingénieurs

Université Mohamed V de Rabat

BP 765, avenue Ibn Sina Agdal 10000

Rabat, Morocco

63


