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Abstract— This paper investigates downlink channel estimation
schemes for multi-cell block transmission systems with cyclic
prefix and proposes a time domain channel estimation scheme us- Interfering
ing iterative least square interference cancellation. The proposed Base Stations

scheme takes advantage of the fact that each received pilot signal
exists in up to the length of the cyclic prefix pulse one dimensional Base Station
subspace in the fast Fourier transform (FFT) size dimensional

received signal vector space. Computer simulation results show

that the proposed scheme can achieve almost the same channel Mobile Terminal
estimation accuracy in multi-cell scenario as that in single-cell

environment with small number of iterations.

Fig. 1. System Model
I. INTRODUCTION

Block transmission schemes with cyclic prefix, such as ) ) )
orthogonal frequency division multiplexing (OFDM)[1] andof the_ discrete frequency domain approach and of the tlm.e
single carrier block transmission with cyclic prefix (scdemain approach reveal the fact that the frequency domain
CP)[2]-[4], have been drawing much attention because of tﬁgprogch suffers from mterferenge directly while the time
effective and simple frequency domain equalizer (FDE) usifffpmain approach can reduce the interference power by length
fast Fourier transform (FFT). Of particular significance of th@f cyclic prefix plus one and the transmitted block (FFT) size.
block transmission systems with the cyclic prefix is that, &2aS€d on the considerations on the performance improvement
far as the length of the guard interval (Gl) is greater than 8y the time domain approach, we propose a time domain
equal to the channel order, the channel matrix is given bycggnnel estimation scheme using iterative interference cancel-
circulant matrix, which is diagonalized by a discrete Fouridtion. Th? propqsed .SCheme.take's advantage of the fact that
transform (DFT) matrix. each rece_lved pilot S|gn_al exists in up to the_ length of the

Recently, much effort to apply the block transmissioﬁYCl'C p_ref|x pulsg one _dlmensmnal subspace in the FFT size
schemes with cyclic prefix to mobile communications systensémensional received signal vector space. By the employment
has been made as typified by WiMAX system, where IEggf t_he iterative procedure, the propo_sed scheme can obtain LS
802.16e standard([5] is adopted for the physical layer/medigftimates of not only the channel impulse response between
access control layer protocol, and by fourth generation mobifee desired base station and the mobile terminal but also the
communications system. One of the most serious prob|emsrﬁ§ppnses_between the |_nterfer|ng b_ase statlons_ and the mobile
such mobile communications environment is the existence §fminal without calculating pseudoinverse matrices, as far as
interference signals from neighboring cells, especially in t{B& Same number of matrices as the pilot signal vectors are
case of frequency reuse factor of 1. Various kinds of techtored in the mobile terminal. Computer. simulation results
niques are required to cope with the interferences, howev@fOW that the proposed scheme can achieve almost the same
among them channel estimation is of great importance becaG§@nnel estimation accuracy in multi-cell scenario as that in
channel state information (CSI) is required by many oth&tngle-cell environment with small number of iterations.
interference related techniques, such as interference canceller
or adaptive antenna array. Therefore, taking advantage of ) . o
the specificity of the block transmission schemes with cyclic The following notations are used for describing the proposed
prefix, we have considered the problem of downlink chann@yStem.K is the length of the guard interval/ is the FFT
estimation in multi-cell environment. size, andL is the channel order. Ad/ x M identity matrix

In this paper, we investigate downlink channel estimatioffill be denoted asl,;, a zero matrix of sized x B will
schemes for multi-cell block transmission systems with cycIRé denoted a9, s, and a DFT matrix of sizel x M,
prefix and propose a time domain channel estimation schewose(i, j) elementis——e~/~" 37—, asD. We will use
using iterative least square (LS) interference cancellatioh]-] to denote ensemble average,! for transpose(-)# for
The analytical derivations of the estimated channel responstermitian transpose, and)* for complex conjugate.

Il. SIGNAL MODELING



Fig. 1 shows the system model considered in this paper.Farthermore, defining impulse response vectorshas =
order to obtain a received signal model at the mobile terminghd, ..., h%]T andh,; = [hy",..., kT, (i = 1,...,U),

we have made following assumptions: and using the property of circulant matrix, we have
« There are one desired base station &nidhterfering base h U h
stations r=QY [0 d } +>°QY, {0 Uit } . @
« DFT window timings of all the base stations are synchro- (M-K=1)x1] 527 (M-K-1)x1
nized where
« All base stations use same carrier frequency [ P¢ P, Py
« The length of the cyclic prefi¥ is greater than or equal J p )
to the channel ordek Q| i £ ’ ®)
With the assumptions above and ignoring additive noise for : P,
the simplicity, the received pilot signal vector at the mobile P, pl  pd
terminal after the cyclic prefix removal can be written as i i i
U Py Py, Py
r= CdDde + Z Cu,iDHpu,i7 (1) C_ — Pluyz P(;Jﬂ B ) : (9)
i=1 we : . . wi |
where ps = [pg¢,...,pd, ,]T denotes a transmitted pi- Pu.,i ' Pu.,i Ij%,‘il
lot signal block of the desired base station apd;, = o M ! 0
e, 7p1](;‘71]T, (i=1,...,U) is a transmitted pilot signal Finally, defining matrice€; andQ,;, (i =1,...,U) to be

block from theith interfering base stationC,; and C, ;,

the first X +1 columns ofQ§ andQY

u,t?

respectively, we have

(i=1,...,U) areM x M circulant channel matrices defined U
as r=Qghgs+ Y _ Quihu. (10)
Thd 0 0 hi hé T i=1
. Note that we have assumed OFDM access (OFDMA) signal-
ing so far and will assume hereafter, however, all the following
h discussions can be applied to the SC-CP systems by just setting
the vectorsP,; andP,,;, (i = 1,...,U) to be the transmitted
Cyo= |pd 0 (2) . .
K pilot signal vectors.
0 I11. D OWNLINK CHANNEL ESTIMATION
: . 0 Before we show the proposed downlink channel estimation
0 0 Al hd scheme, we firstly review two conventional channel estimation
p B 4 K ] 0 schemes, namely, discrete frequency domain channel estima-
where {Aj, ..., hi} denotes a channel impulse response bgon approach and time domain approach, and derive residual
tween the desired base station and the mobile terminal, angerference signals in the estimated channel responses.
hy* 0 0 hy' hy* A. Discrete frequency domain approach
: In order to estimate channel frequency response, we perform
i DFT of the received pilot signal of Eq. (1) as
K U
Cui = | po! ol ©® Dr =DC,D"p;+ > DC,,Dp,;,  (11)
=1
0 U
: .. 0 = Ade + Z Au,ipu,ia (12)
0 0 hY% B =
y e - where A; = diaghd,..., ¢, ;] and A,;, =
where {f;",....hg'}, (i = 1,...,U) denotes a channel giagi\! ... A%’ | (i = 1,...,U) are diagonal matrices
impulse response between tith interfering base station andyhose diagonal elements are calculated as [6]
the mobile terminal, respectively. By defining T
d d T H 0 h
Py=[P,..., Py )" = DHp,, 4) =D [ 4 } , (13)
P,i=[R", ..., Py )" =Dpy,, (i=1,...,U) (5) M O—x-1x
the received signal block can be simplified as - )\g»i :
U hu i
=D ’ . 14
r=C,P,+ Z CuL.iPu.. (6) o [O(M—K—nxj (14)
i=1 [(Anr—1




Therefore, thenth frequency response of the channel between M-dimensional Vector Space
the desired base station and the mobile termifal can be Quhu1

estimated as
3 — {Dr}, SN AT =
m d
Pm
J U pu,i )
=N 4y T @ =

From Eg. (15), we can see that the second term of right @ Q4
hand side becomes residual interferences on the estimated
frequency response. If we assume the same statistical property K+1-dimensional Vector Space
for all the channels, each pilot signal from the interfering base A
station results in direct interference for the desired frequency hg= Qg

response. Although, in practical situations, the amplitude of

A%t will be smaller than that of¢, on average, we can not i
expect accurate channel estimation by the discrete frequency hg QaQu hu 1
domain approach, especially for the case of frequency reuse

factor of 1.

Fig. 2. Geometric Explanation of Time Domain Approach

B. Time domain approach

. . . . . Tim main roach with iterative interferen nceller
The time domain channel estimation scheme is based on ES e domain approac th iterative interference cancelle

criterion. Defining Moore-Penrose generalized invers€gf ~ Base on the discussions above, we can further improve the
as accuracy of the channel estimation if the pilot signals of the

interfering base stations are available at the mobile terminal.
Qf = (QYQ.)'QY, (16) The .assumptlor? of t.hel availability of the pilot §|gna}ls at the
mobile terminal is valid in general because the pilot signals can

the channel impulse response between the desired base stdfaPecified using base station identification numbers detected

and the mobile termingh, can be estimated as by the mobile terminal. . _
From Eg. (7), we can see that the received signal model

hy = Qir has a symmetric structure with respect to the pilot signal
U components from the desired base station and the interfering
—hy + ZQjQu,ihu,i. (17) base stations. This means that the channel impulse response
’ between the interfering base stations and the mobile terminal
h,; (i=1,...,U) can be estimated in the same way as Eq.
In Eq. (17), the second term of the right hand side is also t(g7), therefore, the estimated response will be
residual interference, however, unlike the discrete frequency . N
domain approach, we can expect a certain reduction of the h,;i =Qy;

i=1

r

interferences in this case. The multiplication of the pseudoin- N v .
verse ofQ, extracts elements in th& + 1 dimensional vector =h,; + QJ,Qéha + Y Q) ,Qu,jhu, (18)
subspace, which is spanned by the column vector€gf =

therefore, the powers of the interferences are reduced by Wr‘?ere

pseudoinverse as far as the column space€d pndQ,, ; are

not exactly the same. .= (Q,Qu:)~'QY,. (19)
Fig. 2 shows a geometric explanation of the principle of ﬂﬁsing i (=1 U) for the interference cancellation

improvement, wheré = 1, M = 2 and K = 0 are employed the | d ch | estimati be obtained
andS(Qq), S(Qu,1) andKer(Q,) denote the column spaces € improved channel estimation can be obtaned as

of Qq andQ,,;, and the kernel space Qj, respectively. As - U )

we can see from the figure, the degree of the reduction of hy = Qj(r— ZQM,ihu,i)- (20)
the interference depends on the relation between the column i=1

spaces ofS(Qg) and S(Q,,1). For example, ifp; and p,, ; Fig. 3 shows a geometric explanation of the principle of

are independently and randomly determined, the probabilitye interference cancellation, wheté = 1, M = 2 and

of overlapping the column spaces (& + 1)/M, therefore, K = 0 are employed. By the cancellation process, the residual
each interference will be reduced b + 1)/M on average. interference in the estimated channel response can be reduced
This will be confirmed via computer simulations. from QfQu1h.1 to Q7 Q.1Q;Qshy. As we can see



M-dimensional Vector Space Note that the proposed method requires the pseudoinverse of
the matrices, which requires high computational complexity in
general, however, the computation of the pseudoinverse can be
SQu,1) avoided if we store the pseudoinverse matrices in the mobile
terminal. Since there is one-to-one relationship between the
A pilot signal vector and the pseudoinverse matrix, the number
qul(hu,1; hu,l) of matrices to be stored in the mobile terminal is the same as
=-Qu,1Qu,1Qq Na ™ - the number of the pilot signal vectors.
Note also that we can achieve the same accuracy of the
channel estimation as the proposed method above without
using iterative calculation. Since the received pilot signal
vector can be modified as

Ker(Q )

U
K+1-dimensional Vector Space r = Qaha + Z; Qu,ihu,i
A + N =
hg=Qq (- Qu 1y,1) hq
u,1
..................... =[Qi Qui - Quul| .|, (@1
hu,U

fd QG4Qu1Ql1Qd Ny
the LS estimate of all the impulse responses can be ob-

tained in one step by multiplying the pseudoinverse of
Fig. 3. Geometric Explanation of Time Domain Approach with Interferenc ; ;
Canceller FQd,Qutl,...,Qu?U]_from. thg left. The idea .ltself (_)f the
one step approach is quite simple, however, it requires huge
amount of memory to store the pseudoinverse matrices of

from the figure, since the improvement of the estimate g# possLt])Ie c?mlbmatmns r?r high go-mputatmnal colep.Iexny
h, results in the improved estimate &, ;, and vice versa, dUe 1 the calculation of the pseudoinverse. After all, it can

more accurate channel estimation can be achieved throughPpconcluded that the proposed iterative channel estimation
iterative cancellation and estimation procedure. scheme is much more feasible than the one step approach.

Denoting estimated responses between the desired base

: . - - . IV. COMPUTERSIMULATION
station and the mobile terminal and betweenitheinterfering

base station and the mobile terminal at thk iteration ash’ In order to confirm the performance of the proposed method,
andh* ., (i = 1,...,U), respectively, the proposed iterativecomputer simulations are conducted with the following syste_m
channuéll estimation scheme is given as follows: parameters; Mod./Demod. scheme: QPSK coherent detection,
symbols per block = 128, length of cyclic prefix:K = 16,
a 1) k=0 N channel order:L. = 16, channel model: 17-path frequency
2) Initial estimation ofh: selective Rayleigh fading channel, number of interfering base
R stations: U = 1, channel noise: additive white Gaussian
hk = er noise (AWGN). Also, the pilot signal vectors of the desired
. o _ . base station and the interfering base stations are randomly
3) Initial estimation ofh,, ;, (i =1,...,U): determined.
hf, = Qlr Figs. 4 and 5 show the normalized mean-square-error (MSE)

of the estimated channel between the desired base station
and the mobile terminal versus the number of iterations of
the interference cancellatioh = 0,...,5 of the proposed

N k=k+1
5) Estimation ofhy:

. U X channel estimation scheme for OFDMA and SC-CP systems,
hf =Qf(r - Z Q.0 h) respectively. The normalized MSE is defined as
N 7 . _ 1 &by — hE|)2
6) Estimation ofh, ;, (i=1,...,U): (Normalized MSE)= ;l , (22)
Ntrial m—1 thH
U
he . — Q" |r— Qdﬁkq _ Z Q. -1 where N;..;,; denotes the number of channel realizations and
ot ¢ b I has been set to be 1,000 afid || is an Euclidian norm.

i#i For comparison purpose, the performances of the time domain

7) Go to step 4 channel estimation without the interference and those of the
\ J proposed scheme without channel noise are also plotted in
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V. CONCLUSION

We have considered downlink channel estimation schemes
for multi-cell block transmission systems with cyclic prefix.
It has been analytically shown that the frequency domain
approach suffers from interference directly while the time
domain approach can reduce the interference power by the
ratio of the length of cyclic prefix plus one and the FFT
size (K + 1)/M. Based on the analysis, we have proposed
a time domain channel estimation scheme using iterative LS
interference cancellation, where the iterative procedure enables
us to have the LS estimates of both the channel response
between the desired base station and the mobile terminal and
between the interfering base stations and the mobile terminal,
simultaneously. From the computer simulation results, it could
be concluded that the proposed scheme in multi-cell scenario
can achieve almost the same estimation accuracy as the LS
time domain channel estimation in single-cell environment.

Future work may include interference mitigation techniques
for multi-cell block transmission systems with cyclic prefix
based on the estimated channel responses using the proposed
scheme.
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the same figures. From the figures, we can see that the
proposed channel estimation scheme can achieve almost the
same accuracy as the time domain channel estimation scheme
without interference signal, namely single-cell environment,
in 4 iterations for both of the systems. Since the normalized
MSE of the discrete frequency domain approach is equal to
1 in the computer simulation settings, the performance gains
obtained by the time domain approach are the indicated parts
in the figures, which are about 9 dB. This is because the
probability of overlapping the column spaces@f andQ,, 1

is equal to(K + 1)/M ~ 1/8 ~ —9 dB due to the random
generation of the pilot signal vectors. Note that the proposed
scheme does not require perfect orthogonality among the pilot
signal vectors of the desired base station and the interfering
base stations, and can also obtain the estimate of the channel
response between the interfering base station and the mobile
terminal with the same accuracy as that of the channel between
the desired base station and the mobile terminal in the iterative
channel estimation process.



