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Abstract. Alleviate the multipath delay spread and suitable for broadband transmission efficiency,
orthogonal frequency division multiplexing wireless local area network (WLAN) is widely used to
assist inverse fast Fourier transform and fast Fourier transform operation domain. Orthogonal
frequency division multiplexing is a blow to the broadcast channel multipath fading and high data
throughput, transmission, wireless fading channel method, which is widely used to support high
performance bandwidth-efficient wireless multimedia services. Several times in the transmitter and
receiver antenna technology allows data transfer rate and spectrum efficiency and the use of multiple
transmit antennas and multiple receive antennas through spatial processing. High-precision channel
estimation scheme is very important wideband multi-carrier orthogonal frequency complex WLAN
systems use multiple antenna receiver based division of labor and the overall multi-carrier orthogonal
frequency multiplexing division of performance-based WLAN system is to crucial antenna to receive
the symbol error rate. In this article, the iterative channel estimation scheme proposed multi-carrier
orthogonal frequency division multiplexed using multiple antennas receiver-based WLAN system.

Introduction

WLAN (Wireless Local Area Network) access providing high data rate has recently been deployed
and worldwide extended to support high performance bandwidth-efficient multimedia services.
Several standards such as IEEE 802.11b [1] or IEEE 802.11a/g/n [2], [3], [4], [5], [6] are transforming
the way we experience personal communications. There are several other standards coming up, e.g.
IEEE 802.16 [7] or IEEE 802.15 [8] that will increase capacity and range of coverage for wireless
access. The technique of multiple antennas at the transmitter and the receiver (MIMO) permits several
fold increase in achieved data rates and spectral efficiency through spatial processing and the use of
multiple transmit and receive antennas. Due to the efficiency of mitigation multipath delay spread and
being well suited for the wideband transmission, orthogonal frequency division multiplexing
(OFDM) is extensively used in the wireless local area network domain with the aid of inverse fast
Fourier transform and fast Fourier transform operations. The robustness of the channel estimation
scheme is important for the application for the broadband multi-carrier OFDM systems with the
multiple-antenna receiver and the accuracy of the channel estimation is crucial to the performance of
the overall multi-carrier OFDM systems with the multiple-antenna receiver in terms of the symbol
error rate (SER), including the multi-carrier OFDM based WLAN systems with the multiple-antenna
receiver [1], [9]. In this paper, an iterative channel estimation scheme is proposed for the OFDM
based wireless local area network systems with the multiple-antenna receiver.

Problem Representation

Referencing to the IEEE 802.11a/n standard [2], [5], [6] each packet consists of a preamble and a data
carrying part. The preamble consists of ten identical short symbols (SS) and two identical long
symbols (LS). Each of the SS and LS consists of v =16 and N, =64 samples, respectively. The GI1
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field represents a guard interval for the LS. It is a replicated field consisting of the last 32 samples of
the LS. At the transmitter, among OFDM symbols, the cyclic prefix is added as the guard interval (GI)
to avoid the inter-symbol interference (ISI) caused by the multipath fading channel. For every OFDM
symbol, there are N=N, =64 samples per symbol, including data sample set p, with N, =48

samples, pilot sample set p, with N, =4 samples and null sample set p, with N, =12 samples. At

the multiple-antenna receiver side, automatic gain control (AGC) and signal detection are completed
at some arbitrary point in time relative to the start of the preamble field. After the AGC and signal
detection are completed, the timing and frequency offset estimation starts at some unknown discrete
sample index », of the preamble and completed before the starting point of the GI1. Two of the LSs

are used for channel estimation. The data carrying part consists of a variable number of OFDM
symbols. Channel information is updated during the data carrying part. The LSs are utilized for the
initial channel estimation and the pilot sample set is utilized for channel phase error tracking. From
the AGC, signal detection, and the detection of the null sample set, the noise variance is also
estimation. All kinds of estimated information are stored in the registers. The estimated channel
information is sent for frequency domain channel equalization. Considering the g th receiving
antenna, after completion of AGC and signal detection at some arbitrary point in time relative to the
start of the preamble field, the sampled received signal r, , (n+n,) from the 4 th transmitting antenna

to the 4 th receiving antenna can be formulated as

n+n ZhaalSnJrn — )/ /N+§ (n+nl.) 0

where p_ .l and S(n) denote the discrete-time complex channel impulse response and the transmitted

signal, respectively, N,

is the channel length, N is the IFFT/FFT size, f. is the frequency offset
normalized by the sub-carrier spacing f, , and ¢, (n) indicates AWGN. p, and f, are estimated and

corrected during the period of timing and frequency offset estimation. It is assumed that the
channel does not change during one OFDM symbol and that the guard interval length is longer than
the channel maximum delay spread. After the removal of the guard interval and the samples are
transformed to frequency domain via a N point FFT, the FFT output for the uth sub-carrier signal in
the mth OFDM symbol can be expressed as

=S, H + A4
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where s, is the transmitted signal on the uth sub-carrier, 4, isa white complex Gaussian noise
with variance o’ from the ¢4 th transmitting antenna to the a,th Teceiving antenna, H, is the

ru,m

channel frequency response at the sub-carrier frequency f, = uf, from the g th transmlttmg antenna to

the 4 th receiving antenna and can be written as

N . .
Ha“ar o — Zhle*./ZizuT/./u
1=0 (3)

Where {7} are the path time delays, f, is the sub-carrier spacing. In the 802.11a/n protocol, after

completion of AGC, signal detection, timing and frequency offset compensation, the initial channel
frequency response estimation is performed based on the two identical LSs. From equation (2), to
reduce the estimation variance, the initial least square channel frequency response 77, * at the uth

sub-carrier from the ¢4 th transmitting antenna to the q th receiving antenna can be estimated by

averaging over the two LSs as

S S
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where R t and g, * . respectively, denotes the FFT output for the uth sub-carrier signal in the first

u,

and the second LS OFDM symbol. s, ’a_Ll and s, ’a‘L2, respectively, denotes the transmitted signal on

the uth sub-carrier in the first and the second LS.

Though the least square approach is simple to use, it also suffers performance degradation by additive
random noise, especially at low SNR. In order to reduce the random noise effect at sub-carrier
channels, the initial least square channel frequency response HL at the uth sub-carrier from the

ath transmitting antenna to the qth receiving antenna are weighted and averaged over three

neighboring sub-carrier channels under the assumption that the channel frequency response varies
slowly over adjacent sub-carrier channels. The weighted and averaged channel frequency response
H_ " atthe uth sub-carrier from the ¢ th transmitting antenna to the q th receiving antenna is

oy
Ao l-a s o A~ l—a »
a8y y - 2 H“tv“r-(u—l) + aHat’“r' u * 2 Ha

L
0 (y+1) (5)
The weighting factor, « [0, 1], is determined by the following rules: (a) the value of « needs to be
increased when the channel frequency response varies fast over the adjacent sub-carrier channels; (b)
the value of « needs to be decrease as the SNR decreases. During the ith data carrying part OFDM

symbol, based on the pilot sub-carriers, the least square channel frequency response A : ~at the

k,th sub-carrier from the 4 th transmitting antenna to the 4 th receiving antenna can be expressed as

R P
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where £ is the sub-carrier index for the pilot symbol, g © denotes the FFT output for the & th

k,
sub-carrier signal in the ith data carrying part OFDM symbol, s/  denotes the transmitted pilot signal
on the  th sub-carrier in the ith data carrying part OFDM symbol.

Since the period of two OFDM symbols is very short, the fluctuations of the channel gains between
consecutive OFDM symbols under the IEEE 802.11a/n standard defined WLAN environments can be
negligible. The channel frequency response at the k th sub-carrier of the first data carrying part

OFDM symbol can be re-expressed as

A P A L
oty =Haay) € 1)
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where g * 1 is the phase rotation of the estimated first data carrying part OFDM symbol channel

ks
frequency response from the estimated two LSs channel frequency response at the k th sub-carrier.
Assume that the phase rotation of the estimated first data carrying part OFDM symbol channel

frequency response from the estimated two LSs channel frequency response at the uth sub-carrier
.  are linearly increasing with the sub-carrier index u, based on and by averaging over all the pilot

sub-carriers of the first data carrying part OFDM symbol, 4~ can easily be calculated.
19 ”“ru,l

Then, the channel frequency response 7, _at the uth sub-carrier of the first data carrying part

OFDM symbol can be weighted and averaged as
=pH, " e - pa,

=J

Arslry 1 (8)
The weighting factor, g<[0.5,1], is determined by the SNR and Doppler frequency as following rules:
the value of g needs to be increased and closed to 1 when the SNR becomes infinite and Doppler
frequency is very high. The sub-carrier specific received complex value symbol g 1 of the first
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data carrying part OFDM is equalized by applying the simple zero forcing technique, see equation (9),
based on the previously estimated transfer factor 7, 1 of equation (8) that is taken as a prediction of

the current transfer factor

& sl y ]

a1

H
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Then, the equalized symbol §  is detected by the demodulator. The detected symbol g, is

u,l %y 1
further divided by the received symbol g, 1 in order to calculate the new channel transfer factor

A
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Equation (10) is used for the estimation of the channel frequency response of all the pilot sub-carriers
of the second data carrying part OFDM symbol.
Using the same method as that used for the channel frequency response H Lat the uth sub-carrier

u,

of the first data carrying part OFDM symbol, the channel frequency response 7, "

sub-carrier of the (i +1)th data carrying part OFDM symbol (where i >1) from the 4 th transmitting

: at the uth

antenna to the 4 th receiving antenna can be weighted and averaged as

j¢(,’ Ay (i+1) 1 _ ]:1
+( ﬂ) a0,y i (11)
is the phase rotation of the estimated (i +1)th data carrying part OFDM symbol channel

u,i

Ha,,a,.u‘(iﬂ) = ﬂHa,,a,. e

where § (

@ty (i+1)

frequency response from the estimated ith channel frequency response on the uth sub-carrier. The
weighting factor, g <[0.5,1], is determined by the SNR and Doppler frequency as following rules: the

value of g needs to be increased and closed to 1 when the SNR becomes infinite and Doppler

frequency is very high.
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Fig. 1. Constellation of 16 QAM for the designed 2x2 wireless local area network system under
Channel E with different SNR
To further improve the channel estimation performance, an iterative algorithm is developed based
on the expectation-maximization (EM) algorithm [10] for each receiving antenna at the receiver. The

noise variance is smoothed and estimated by using those null symbols according to the signal frame
format of the multi-carrier OFDM based WLAN systems with the multiple-antenna receiver [6].

The wireless local area network system with 2 transmitting antennas and 2 receiving antennas is
considered, the BRAN Channel E indicating a typical harsh fading channel model for large open
space NLOS environment [4]. 16 QAM are used as the data carrying part sub-carrier modulation
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modes. The channel response zero-forcing equalized constellation points of 16 QAM signal of the
designed wireless local area network system with different average SNR under BRAN Channel E is
shown in figure 1. From figure 1, we can see that the proposed channel estimation scheme can make
the designed wireless local area network system with practical system performance.

Summary

An iterative channel estimation scheme is proposed for the wireless local area network systems with
multiple-antenna receiver. Performance evaluation shows that the wireless local area network system
with multiple-antenna receiver is with practical system performance under harsh fading channel by
use of the proposed channel estimation scheme.
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