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Abstract:

The use of channel adaptive transmission techniques requires accurate channel state
information (CSl) which may not easily be achievable particularly near the cell
boundary in multi-cell environments. In this paper, we consider the improvement of CSl
estimation accuracy by exploiting the preamble signal as well as the pilot signal in
ODFM based wireless systems. We first estimate the CSl from both the received
preamble signal and the received pilot signal. By exploiting the channel correlation
between the preamble and pilot signaling, we combine the two CSls estimated from the
preamble and pilot signals. The combining weight is analytically determined to
minimize the mean squared error. For the interference cancellation with the use multiple
receive antennas, we also consider the estimation of interference channel in a similar
manner. Simulation results show that when applied to the mobile-WiMAX system, the
proposed scheme is quite effective near the cell boundary.

Keywords:

Channel estimation, OFDM, other cell interference and WiMAX

* School of Electrical Engineering and INMC, Seoul National University, Korea
**  School of Electrical Engineering and INMC, Seoul National University, Korea
***  School of Electrical Engineering and INMC, Seoul National University, Korea

This research was supported by Seoul R&BD Program (10544)



Proceedings of the 6" | CEENG Conference, 27-29 May, 2008 |EE014-2 |

1. I ntroduction:

In recent years, orthogonal frequency division multiplexing (OFDM) has been
recognized as one of key transmission techniques for next generation wireless
communication systems [1]. It can provide high spectral efficiency and mitigate inter-
symbol interference in frequency selective fading environments [2]. However, this may
require the use of accurate channel information, which is not easily obtainable
especialy near the cell boundary in multi-cell environments.

In the downlink of OFDM based wireless systems such as the mobile-WiMAX, the
received pilot signal is interfered by the pilot signals transmitted from other cells. This
interference makes it difficult to accurately estimate the channel state information (CSl),
particularly near the cell boundary [3]. The CSI is indispensable for channel adaptive
transceiver techniques such as interference canceller and adaptive antenna array [4]. As
a consequence, the performance of the transceiver may significantly deteriorate near the
cell boundary.

In practice, the CSI can be estimated from pilot signal using a conventional estimation
technique such as the least square (LS) estimation [5]. Since the LS estimation yields a
mean-squared error (MSE) inversely proportional to the signal-to-interference plus
noise ratio (SINR) [6], it may not work properly near the cell-boundary due to large
interference. An iterative interference canceller has recently been proposed in the time
domain [7], but it can be applied only to a block type arrangement of pilot signals,
where al subcarriers are reserved for pilot signaling at a specific period.

The mobile-WiMAX utilizes preamble signal for the purpose of synchronization, which
Is orthogonal to those transmitted from neighboring cells [8]. As a consequence, the
preamble signal is less interfered than the pilot signal. The signal transmitted through
wireless channel experiences correlation in the time and/or frequency domain, yielding
channel correlation between the preamble and pilot signal transmission. We consider the
estimation of CSl by utilizing the channel correlation between the preamble and pilot
signal. The accuracy of the CSI estimation can be improved by combining the CS
estimated from the received preamble and pilot signal. We analytically determine the
combining weight to minimize the MSE of the estimation. When the receiver has
multiple receive antennas, it can cancel out other cell interference by employing a
channel adaptive antenna technique such as the minimum mean squared error (MM SE)
nulling scheme [9]. Since the MM SE nulling requires the interfering CSI as well as the
target CSl, we consider the estimation of both the CSls.
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The rest of the paper is organized as follows. Section Il introduces the downlink model
of the mobile-WiMAX system in consideration. Section |11 describes the proposed
scheme, where the target and interfering CSl are estimated by combing the CSI
estimated from the received preamble and pilot signal. The performance of the proposed
scheme is verified by computer simulation in Section IV. Finally, conclusions are given
in Section V.

2. System modeling:

Consider a multi-cell multi-sector structure as illustrated in Fig. 1, where the TBS
denotes the target base station (BS) serving the target mobile station (MS) and the IBS
denotes an interfering BS causing interference to the MS. Define the target channel and
the i -th interference channel by the channel between the TBS and the MS, and the i -th
IBS and the M S, respectively. Assume that each cell is divided into three sectors (say, a,
B and y sector), and that the BS has a single transmit antenna and the MS with N
receive antennas is located in the B sector of the TBS.

The BS transmits preamble and pilot signals for the purpose of synchronization and
channel estimation, respectively, as illustrated in Fig. 2. Since the pilot signals are
transmitted to all sectors at the same time through the same frequency band, it can
collide with each other. The pilot signal corresponding to the t -th OFDM symbol and

the f -th subcarrier received through the n-th antenna can be represented as

Figure (1): Multi-cell multi-sector structure
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Figure (2): Preamble and pilot signal structure

2
Y(t,, £, = H(t,, f, MR, f, M)+ Hi(t,, f,,MP(,, f,,n)+W(,, f,,n) (1)
i=1

where H,(t,, f,,n) and R(t,, f,n) are respectively the frequency response of the target
channel and pilot signal transmitted from the TBS, H;(t,, f,,n) and P(t,, f ,n) are

respectively the frequency response of the i -th interference channel and the pilot signal
transmitted from the i -th IBS, and W(t , f ,n) is the frequency response of background

noise modeled as a complex zero-mean Gaussian random variable with variance s 2 . It
can be assumed that the TBS and IBSs transmit the pilot signal with the same average
transmit power, i.e, E{|R(,. f,.n [} =E{|P(,. f,.n) [} =s2. For simplicity, the receive

antenna index n will be omitted since the estimation procedure for each receive antenna
Isidentical.

Preambles are transmitted at the same time, but through different frequency bands by
the sectors, asillustrated in Fig. 2. Consider preambles near the pilot signal Y(t, f)) in

the frequency domain (i.e., the preambles at the (f - 1)-th, f -th and (f +1) -th
subcarriers). For ease of description, assume that the preambles at the (f, - 1)-th, f -th
and (f, +1) -th subcarriers are transmitted from sector a, 8 and y, respectively. Then, the
received preambles transmitted from the TBS and the i -th IBS can be represented as
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Yt f,) = H(t, £,)S @ £,) +Wi, £,) )
Y £, + (D)= it f,+ - DDS G, + (- D) +W(, f,+ (- D) €)

where S(t,, f.) and S(t, f_+(-1)') denote the preambles transmitted from the TBS

and the i -th IBS, respectively. It can be assumed that the TBS and IBSs transmit the
preamble signal with the same average transmit  power, l.e.,
E{IS®. f,)F} =E{IS@. f,+(-1')F} =s 2. Let r  be the correlation coefficient between
the channel of the pilot signal and the preamble transmitted from the TBS, defined by

E-} H, (¢, £,)(H, (&, )

r
t ; H,(t,. f,)[

b

y (4)
b

where E{ X%} denotes the expectation and the superscript * denotes complex conjugate.
Similarly, let r. be the correlation coefficient between the channel of the pilot signal
and the preamble transmitted from the i -th IBS, defined by

E; H,(t,, £,)(H (b £, + (- 1)) &

> (5)
i |Hi(tp, fp)|

o<

3. Conventional LS channel estimation:

Assume that the magjor interference comes from at most two adjacent sectors. The target
and the i -th interference channel can be estimated from the received pilot signal using a
conventional LS estimation method as [5]

n Y, ) é P(t,, f,) W, f)
Ht(tp’ fp) - IDt(tp’ fp) = Ht(tp’ fp)'i_ia:l Hi(tp’ fp) Pt(tp’ fp) ¥ Pt('[p, fp) (6)
l:li(tp’ f)= Yt 1) =H (. f) +H (. fp) il 1) +é2 H;(t,, ) A 1) +W(tp, o) (7)

R, f,)

R(tp’ fp) = Fi)(tp’ fp) Fi)(tp’ fp).

jti

It can be shown that the corresponding M SE of the channel estimationis
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E{ H,(t,, f,)- |3|t(tp,f ) } a52+S_W (8)
=1 P
. 2 g sZ
E{ Hi(t,, f,)- Ht, f,) }:st2+asj2+_\’g 9)
j=1 P

jti

where s/ and s’ are the gain of the target and the i -th interference channel,

respectively. It can be conjectured from (8) and (9) that the LS estimation may not
provide good performance near the cell-boundary. Note that this estimation does not
exploit the channel correlation not only between the OFDM symbols but also between
the subcarriers.

4. Proposed channel estimation:

We consider the improvement of the CSI estimation accuracy in the presence of
interference by exploiting the channel correlation properties between the OFDM
symbols and between the subcarriers. The target CSl is first estimated from the received
preamble signal and from the recelved pilot signal using a conventional LS method.
Then, these two CSls are combined for better CSI estimation, which is also used for the
estimation of interference channel. The interfering CSl is first coarsely estimated by
subtracting the estimated target CSI from the received pilot signal, and then re-estimated
by combining it with the one estimated from the received preamble signal.

4.1 Channel estimation from the preamble:

The CSI can easily be estimated from the preambles transmitted from the TBS and IBSs
using the LS method as

Y fy) _ W, )

H (t, f (t,,
b =gty TR g T

(10)

Y(tl’ fp +(- 1)|) — Hi(tl, fp +(_ 1)|)+W(t1’ fp +(- 1);) . (11)
S f,+(-1) S, f,+(- D)

Hit, f,+(- D)=

Unlike in the CSI estimation from the pilot signal, this CSl estimation from the
preamble signal is only affected by additive noise.
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4.2 Target channel estimation:

The target CSl can be estimated from (6) and (10) as
M. (¢, f,) =hlw, (12)

where h, =glfl (t,. f.) H (T ) w, is a weight vector to be determined and the

superscript T denotes transpose. Let R, and P, be the auto-covariance matrix and
cross-covariance vector of the target channel respectively defined by

€ E{I:I @t f )|2} E{H (tp fo) (Pl (L, | ))*}‘1J
. é t\tpr Tp ' p t\t1 Tp U
R, E{nh}=¢ ) ) , ¥ (13)
gE{Ht(tl, fp)(Ht(tp,fp))} E{ H, (&, fp)|} d
e {H (t, F)(H. (,, ))}U
* e P t u
P E{ht(Ht(tp,fp))}:é 0 (14)
é{H(t f)(H, (t,, T ))}u
e u
Then, it can be shown that
7 2 2 AY
%t2+_V\2/+éSi2 Stzrt 3
-é P a 1
R= T (19)
e Strt St +_V\2/l;l
e Ssd
és’ U
P=é, .0 (16)
Sl
The optimum combining vector w, for the target CSI can be determined by [10]
7z 2 2 \-l
%t2+S_V\zl+éSi2 Stzrt H L 2 s
—plp_@6 Sp = a €sc u
W, RtPt é Sza e Zl’*l"‘ll (17)
e Stzrt St2+_V\2/l;l ét ‘U
e Ssd
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The corresponding M SE of the target CSl estimation can be represented as [10]
e E{|Ht(tp, f))- I'%t(tp, fp)|2} =s2. PHR:P )

where the superscript H denotes conjugate transpose.

4.3 Interference channel estimation:

Since the target channel behaves as noise to the estimation of the interference CSl, the
interference CSl can be estimated by using the target CSl in (12) as

Y(t,, f,)- H(t,, f)R({,, f,)

Het )=
o o (19)
H(t,f)- Mt ,f))P@E,f) ¢ :
:Hi(tp’fp)+( t(p p) P t(p p)) (p P)+a Hj(tp’fp)PJ(tp,fp)'i'W(tp,fp)-
i(tp’ fp) }1:3:. R(tpi fp) I:?(tp’ fp)
The interference channd can further be re-estimated as
Mt )= viw, (20)

where v, =8Fli0{tp,fp) H. (t, f+(- D)4 and w, is a weight vector for the i -th

interfering CSl. The auto-covariance matrix and cross-covariance vector of the i -th
interference channel can respectively be represented as

~

é az 2 0 u
i@t2+(1' 2Re{wt(:I')})(}S_V\ZI-F,ésiz+ ST (1_ Wt(l))l;'
R E{ViV:} :g e i1 g . 3 (21)
é '2 * 1_ 1 * '2 “w l:l
é Slrl( Wt()) SI+S§ g
\ &7 (1- w,(D)u
Pi E{ViHi (tp, fp)} :é i ( , *t( ))l:l (22)
e Siry a

where w, (1) denotes the first element of w,. Hence, the optimum combining vector w,
for the i -th interfering CSI is determined by
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-1

€. @2 2 ,0 U
€5 +(1_ 2Re{wt(1)})§_2+asi + S ri(l' Wt(l))l:l L 5 .
W, =R =g eeem e o o1 W) (23)
g Sizri* (1_ Wt(l))* S?'*'ﬁ H e Sifi a
é s2 g

The corresponding M SE of the i -th interference CSI estimation is represented as
ei2 E{|Hi(tp’ fp)' I-%i(tp’ fp)|2} :Si2 - PiHR'-lP'- (24)

5. Performance evaluation:

The performance of the proposed scheme is verified by computer simulation when
applied to the mobileeWIMAX system, where the MS has two receive antennas to
cancel out other cell interference through a MMSE nulling scheme. The simulation
parameters are summarized in Table 1 [8]. It is assumed that the gain of two interfering

channelsisthe same (i.e., s 2 =s 5) and the symbol distance in the time domain between
the preamble and pilot signal is d, =t - t,. Asin [11], the normalized MSE, which is

normalized with respect to the channel gain, is used as a performance measure of the
estimator.

Table (1): Smulation parameters

Parameters Values
Carrier frequency 2.3 GHz
Bandwidth 10 MHz
Number of subcarriers 1024
OFDM symbol duration (T,) 115.2 us
Channel Rayleigh fading
Power delay profile Pedestrian A
Doppler spectrum Jakes model
Number of receive antennas (N) 2
M odulation QPSK
Channel coding Repetition code with code rate 1/12
I nter polation scheme Linear interpolation
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Fig. 3 depicts the normalized M SE of the proposed estimation scheme according to the
SINR when the MS has a mobility of 30km/h and d, =10. It can be seen that the LS

scheme accuracy is significantly affected by the SINR, but the proposed scheme is not.
This is mainly due to the use of adaptive weight minimizing the MSE. It can also be
seen that the proposed scheme noticeably outperforms the LS estimation scheme.

Fig. 4 depicts the MSE of the proposed scheme normalized with respect to the channel
gain according to the user mobility and symbol distance in the time domain. It can be
seen that the LS scheme provides performance almost independent of the user mobility,
but the proposed scheme is susceptible to the mobility because it exploits the channel
correlation between the preamble and the pilot, which is affected by the mobility and the
symbol distance. Nevertheless, the proposed scheme outperforms the LS estimation.

Fig. 5 depicts the packet error rate (PER) of the proposed scheme. We assume that the
BS transmits a packet comprising 4 OFDM symbols and 14 contiguous subcarriers. We
also assume that the packet is allocated at the position where the distance from preamble
is from 3 to 6 symbols in the time domain at Mode A and from 23 to 26 symbols in the
time domain at Mode B, respectively. It can be seen that the performance of the LS
scheme is significantly degraded. It can aso be seen that the proposed scheme
outperforms the LS scheme especially at Mode A due to the high channel correlation.

g
®
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Figure (3): MSE performance according to the SNR
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(b): MSE according to the symbol distance in the time domain

Figure (4): MSE performance according to the channel correlation between preamble

and pilot signal
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6. Conclusions:

In this paper, we have proposed a channel estimation scheme that utilizes the preamble
as well as the pilot signal. The proposed scheme estimates the channel by combining the
CSl estimated from the received preamble and pilot signal. The combining weight is
analytically determined to minimize the MSE of the channel estimation. When the
proposed scheme is applied to the mobile-WiMAX system, the ssmulation results show
that the proposed scheme is quite effective in the cell boundary, especially highly
correlated channel environments.
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