Channel Sounding for Multi-Sector Cooperation in
OFDM-based Wireless Cellular Systems

Hyung-Sin Kim, Seung-Hwan Lee, and Yong-Hwan Lee

School of Electrical Engineering and INMC
Seoul National University
Kwanak P.O. Box 34, Seoul 151-600 Korea
Email: {kimhs86, leesh8p@ttl.snu.ac.kr and ylee@snu.ac.kr

Abstract—In this paper, we consider channel sounding for symbols at an expense of uplink resource. In particular, IEEE
multi-sector cooperative beamforming in orthogonal frequency 802.16m considers the use of three sounding symbols, which
division multiplexing-based wireless cellular systems. The use may severely degrade the uplink spectral efficiency due to a

of conventional sounding schemes may suffer from interference | di head 15.8% of th link
from other sectors and also require large signaling overhead. To arge sounding resource overhead (e.g., -670 Of the uplin

reduce the sounding interference near the sector boundary as resource) [5]. It also requires a large number of signaling
well as the signaling overhead, we allocate the sounding physical overhead for the transmission of sounding signal since the BS

resource unit (PRU) by exploiting the channel correlation in the contiguously allocates the physical resource units (PRUs) for

frequency domain. The proposed scheme transmits the sounding ye sounding without consideration of channel characteristics
signal through the PRUs which are less correlated to each other,

significantly reducing the signaling overhead. The whole channel [5]- . . .
information can be extracted from the sounding PRUs by means [N this paper, we propose an efficient channel sounding
of minimum-mean-square-error estimation. Finally, the perfor- scheme for multi-sector cooperation in TDD-OFDM wireless

mance of the proposed sounding scheme is verified by computer cellular systems. The proposed scheme transmits the sounding
simulation, showing remarkable performance improvement OVer gjnna| only through the PRUs which are little correlated to
conventional schemes in the presence of channel correlation, . . .
while significantly reducing the signaling overhead. each (.)the'r, reducing the signaling overhead as 'weII as'the
Index Terms—cooperative beamforming; multi-user diver- sounding interference. Then, the whole channel information
sity; sounding overhead; frequency correlation; minimum-mean can be estimated from the partial one by means of minimum-
square-error estimation. mean-square-error (MMSE) estimation fully exploiting the
correlation in the frequency domain. It is shown that as the
. INTRODUCTION correlation in the frequency domain increases, the proposed
The capacity of a multi-sector cellular system near thecheme can provide significant performance improvement over
sector boundary is mainly limited by signal transmitted frornonventional schemes.
other sectors, so-called other-sector interference (OSI). It isThe rest of this paper is organized as follows. Section ||
desirable to minimize the OSI effect for the enhancement déscribes the system model and Section Il describes the pro-
transmission performance near the sector boundary. Regeosed sounding scheme. Section IV verifies the performance
results have shown that the use of multi-sector cooperatiok the proposed scheme by computer simulation. Finally,
beamforming can significantly improve the performance neeonclusions are given in Section V.
the sector boundary when multi-sector channel information is
known to the transmitter [1]. ) ) _ ) )
In time-division duplex (TDD) orthogonal frequency divi- Consider the uplink of a single-input multiple-output
sion multiplexing (OFDM)-based wireless systems such 43/MO) TDD-OFDM cellular system where the whole band-
IEEE 802.16m, the base station (BS) can estimate the dowHdth is divided into M/ PRUs each of which comprisels
link channel condition using sounding signal transmitted froHbcarriers, a total ot/ F’ subcarriers, and each cell comprises
each user [2], [3]. However, the performance of multi-sectot SECtors equipping withV' receive antennas. Assuming that
cooperative beamforming may significantly be affected by tH& users are un_lform_ly distributed near the sector boundary, the
sounding signal transmitted from other sectors, so-called otiéY < 1) sounding signal vector received by sectothrough
sector sounding interference (OSSI). The OSSI problem céPcarrierf can be represented as
be alleviated by allocating different sounding resources to each
sector (i.e., by means of sounding resource reuse (SRR)) [4]. K
However, it may not be possible to obtain a sufficient multi- Yo(f) =Y Hoik(/)Pe(f) + N(f) 1)
user diversity (MUD) gain since the number of sounding users k=1
decreases by a factor of the SRR. To achieve the same MuMere P, (f) is the sounding signal transmitted from uger
gain as the full reuse scheme, the SRR needs more soundmgugh subcarrieff, N(f) is the (N x 1) additive Gaussian

Il. SYSTEM MODEL
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noise vector and; . (f) is the (N x 1) channel vector from A. Effect of Sounding MSE on Cooperative Beamforming

userk to sectors represented as It can be shown that the signal-to-interference plus noise
power ratio (SINR) of usek at subcarrierf can be estimated
Hs,k(fv 1) as
_ . - 2
H, x(f) = : . @) Y (f) = ’YoHHk(f)H (8)
Hs,k(fa N)

where v, is the average SINR an{:|| denotes the matrix

Here H, .(f,n) denotes the channel from uskrto sectors norm. Then, the BS selects a user with the highest SINR for
at subcarrierf through then-th receive antenna, represented,cn subcarrier as 8]

as
7y = argmax {Jx(f)} 9)
H, i (f,n) = o ihs i (f,n) 3) k={1,...,K}
where o, 1 (0 < a,, < 1) is the propagation fading factorand generates a beam weight for the selected ngers [1]
of the channel from usek to sectors and h, x(f,n) is H: (f)
an independent and identically distributed (i.i.d) zero mean W, (f) = L A (20)
complex Gaussian random variable with unit variance. As- |Hz, ()]

suming that the BS transmits signal to the target user usingrhe received signat,, (f) and the effective SINRy, (f)

transmit antennas of neighboring secterand s’, the channel of yserr; at subcarrierf can be represented as, respectively,
vector from userk to sectorss and s’ at subcarrierf can be

represented as e (F) = HE, (f)wa, () X, () + N(f),  (12)
_ Hb,k(f)
) = g0 @ ) 2
The channel vectoH,(f) can be estimated frorY ;(f) = 270‘H7rf(f)wwf (f)‘

and Y. (f), but it may inaccurately be estimated in the 2

presence of other sector/user interference or frequency se- —
lectivity [6]. Let o7 be the normalized mean-squared-error \/ i
(MSE) of the channel estimation of usér Assuming that Hﬁ '(f)H2
as ) ~ Qg i = oy Near the sector boundary since the distance i
between usef: and adjacent two sectors is similar to eaclwvhere the superscrigi’ denotes transposeX ., (f) denotes
other, the estimated channel vector from uketo sectorss the desired signal of user; at subcarrierf and N(f) is the
and s’ at subcarrierf can be represented as [7] additive Gaussian noise term.

Wheno? =~ ¢® anda,, =~ a, it can be shown that the

_ 1
1 2
+(r7rf

~ 2 Qm O ~
e, ()| + ezt (0, ()

= 270 (12)

Hi(f) = Hi(f) + ko Zi(f) ®) average effective SINR is bounded as
whereZ,(f) is a (2N x 1) i.i.d zero mean complex Gaus- 5= E s, ()]
sian random vector with unit variance. Thdd,(f) can be 7 2%”' ) )
represented as _ %o o ’ 2 2
1 oo 1+o0? 1+U2E Hﬂf(f)’ tae
= KOk
Hy(f) = T@%Hk(f) + —=Zi(f). (6) 202+,

K
2 1 2
\/1+ak- <13 <2Nzk+a>. (13)
Let R, » (A f,n) be the frequency correlation of the channel k=1
between subcarrief — Af and f through then-th receive It can be seen tha¥ increases ag( increases and/os?
antenna, defined by decreases. It may be desirable to use a sounding scheme that
. can support a large number of users with low sounding MSE.
Rex(Af,n) = E [0 (f = Afn) hos(fim)]  (7) PP J ?

. _ B. The MSE of the MMSE Estimation
where the superscript denotes complex conjugate. We as- . o .
sume thatR, x(Af,n) ~ R, x(Af) unless explicitly stated Consider tr_le esumg‘uon & . (f) W|th_ the use of dl}-
otherwise. tap MMSE filter. Letting ®; ; be the filter tap sequence

comprisingT}, subcarriers defined by

_ . . . O s = [Op (1) g (2). . . Dp s (T, (14)
In this section, we first analyze the effect of sounding MSE d [ £(1) s (2) s )]~

on multi-sector cooperative beamforming and the charactenghere ®;, ¢ (i) is thei-th element of®;, ;, thenH, ;.(f) can
tics of the MSE with the MMSE estimation. Then, we proposee represented as

a new sounding scheme by exploiting the channel correlation _ . o T
in the frequency domain. H, . (f) = (Cs,k(f’ Pp f )R k(‘I’k,f)Hs,k(‘I’k,f)) .(15)

IIl. PROPOSEDSOUNDING SCHEME
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TABLE |

Here C, (f, ®r,r) is the (1 x Ty) cross covariance vector SIMULATION PARAMETERS
defined by
T ’ Parameters H Values
R (f — Pr,r(1)) Number of PRU (/) 48
Rs i (f - (I)k,f(Q)) Number of subcarriers per PRUFY 18
Cs,k(f7 q)k:,f) = . ) (16) N
: umber of BS antennas\) 2
R, (f — d, f(Tk:)) Multiplexing type Frequency division
’ ’ multiplexing
R, 1 (P, s) is the (T} x T) auto correlation matrix given as Decimation index D) 6
Average SINR {o) 0dB
R, i q’k,f)
e (5500 ) (ML)
e s (Tk) Step 1: Initilize the index and the sounding PRU set as
, (27)
R (q)kf Tk > <(I)kf(Tk) > 9k = (4k2+k+1> mod Mvgk:{gk}7
sk D (1 P, r(Tk) and go to step 3.

and Hs,k(ék,f) is the (N x Tj) estimated channel matrix

Step 2: Update the set of PRUs for the sounding as
represented as

B, (s (1) 1" for 1 = argmin ( ma: | R ('~ ) ).
. H, (P, (2)" e
H, 1 (Pr, ) = : . (18) Qp — QU {m}.

H, (D, (T1))" Step 3: If|Q| < Oy, go to step 2. Else stop.

Here |Qy| is the cardinality ofQ2; and Oy is the number of

Then, the MSE»? of the MMSE estimation is given by sounding PRUSs for user to be determined by the BS. For a
) cH given Oy, userk can generate the sanip, as the BS. Once

0" =1=E|C i (f, Prp) Ry #(®5)C s,k(qu’kvf)}(lg) Q. is determined, usek in sectors transmits the sounding

where the superscripti denotes matrix Hermitian. It can signal through subcarrier sé; determined as

be seen from (19) that? decreases as the magnitude of PRI ) sF P
C, i (f, @y r) increases, while that dR (P, s) decreases. O = {fk )f’@ =l + 75 (dD + k) mod 5

Note that the magnitude of a vector or matrix is defined as for 7y € {2 and 0 < d < pg — 1

the sum of absolute value of elements.

- on

where D is the decimation index.
C. The Proposed Sounding Scheme The channel information at subcarri¢r in ©; can first
To minimize the estimation error as well as the soundi ee ?ﬁ'g:tgsa%etlhiifcl)??qs;ﬁz?]us;ese(gSé-)nmeEhOdv'v;—c; esitlmate
overhead, we consider the allocation of sounding PRUs L . ) .>’“<f’“)’ PRIy
MSE filtering to sounding subcarriers highly correlated with

minimize R (P, r) and the selection of MMSE filter taps to
maximizeC; x(f, ®1. ;) in the presence of channel correlatlonSchamerf (i.e., high magnitude o, x(f, ®x.r))- The tap
’ ’ sequenced, ; can be determined as follows:

in the frequency domain.

We first consider the transmission of sounding signal only Step 1: Initialize
through PRUs which are little correlated to each other (i.e.,
low magnitude oR; (P, ¢)). We also consider the reduction
of signaling overhead for the sounding indication. The BS
determines a set of PRUs of uskrfor the sounding ),
and then informs the user the index of all the selected PRUSs,

i =1 and q)kf:@.

Step 2: Update the tap sequence as

which may require a large indication signaling overhead (e.g., Py p(i) = argmax |Rsp(f — fu)l-
M bits). Je €Ok =Py 5
This signaling overhead can be reduced by generating a”Step 32 f |y | < Thy i — i +1 and go to step 2. Else
initial index g, of userk as stop : k. f ks .
gk = (4K* + k+ 1) mod M (20) Then, H, .(f) can be estimated by means of the MMSE

filtering (15). Thus, the proposed scheme can estimate the
where 'mod” denotes the modulo operation. The $&t of channel information of all subcarriers without the use of
userk can be determined frony, as follows: sounding signal transmitted through the whole subcarriers.
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Fig. 1. Sounding MSE according t&. Fig. 2. Average effective SINR according f9.

IV. PERFORMANCEEVALUATION dB

The performance of the proposed scheme is compared td-ig 1 depicts the sounding MSE of the proposed scheme ac-
that of conventional sounding schemes (i@, ~ O = M) cording to KX when the root mean square delay of the channel
by computer simulation. The simulation environment is almostis 45 ns or 750 ns (i.e., corresponding to the Pedestrian A
identical to that of IEEE 802.16m system [9] as summarizeat Pedestrian B channel model, respectively). We assume that
in Table I, where the whole 864 subcarriers are divided intbhe conventional schemes estimate the whole channel using an
48 PRUs. We assume that users transmit sounding signalN8WISE filter whose taps are randomly selected in the same
means of frequency division multiplexing where the decimaubband (i.e., 4 contiguous PRUSs) of the estimation target
tion index is 18 and the channel has an average SINR ofsQbcarriers. It can be seen that the MSE of the full reuse
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scheme linearly increases &§ increases due to the OSSI. [4] K. Wu, H. Yang, L. Cai, D. Li, and X. Zhu, “Distributed sounding
h di . Lin the full h | | th? Draft amendment to |IEEE standard for local and metropolitan area
the sounding signal in t e full reuse scheme. t can also b€ | onyorks, IEEE P802.16m/D1, July 2009.
seen that the MSE of the single symbol SRR scheme of IEE[E] K. C. Hwang, S. H. Kim, S. H. Lee, I. S. Hwang, and S. Y. Yoon, “SLS
802.16m sharply increases whé&h> 12. This is maimy due results of CDM, FDM for sounding channel,” IEEE C80216m-0%08,
. . Mar. 2009.

to the _faCt tha_t the maximum number Of_ orthogonal soundingy; 1A Thomas, B. Mondal, and F. W. Vook, “Method for switching
users in the single symbol SRR is 12 since each sector has 6 between long term and short term transmit beamforming in OFDM,” in
subcarriers per PRU for the sounding. It can also be seen tt}a]t Proc IEEE VTG Apr. 2007. » o .

hen K 36. the MSE of the multi-svymbol SRR scheme J. Y. Ko and Y. H. Lee, “Opportunistic transmission with partial channel
when > , ) ] Yy g information in multi-user OFDM wireless systems,” iroc. IEEE
of IEEE 802.16m rapidly increases because the maximum WCNG Mar. 2007.
number of orthogonal users is 36 [5]. On the other hand, thi€] K. C. Hwang, J. Li, I S. Hwang, and S. Y. Yoon, "Performance

d sch ides almost the same MSE indifferentl comparison of CDM and FDM for sounding channel of 802.16m AWD,

proposed scheme provides >t Inaifierently \gge cgo216m-0850, Apr. 2009.
from the number of sounding users because it can estimate
the whole channel with sounding signal transmitted through
a small number of subcarriers by exploiting the channel
correlation in the frequency domain, making it possible to
increase the number of orthogonal sounding users.

Fig. 2 depicts the average effective SINR of the multi-sector
cooperative beamforming according £6. It can be seen that
the beamforming performance of the conventional schemes is
degraded for a large number of users due to the sounding
interference. On the other hand, the proposed scheme allows
the multi-sector beamforming to provide performance similar
to the three-symbol SRR scheme, while significantly reducing
the resource for the sounding (e.g., the use of single symbol
requires 5.3% of the uplink resource compared to 15.8% of
the uplink resource in the three-symbol SRR) and the signaling

overhead (e.g.0=4, O/M=8.3%).

V. CONCLUSION

We have proposed a channel sounding scheme for multi-
sector cooperation in TDD-OFDM wireless cellular systems.
By exploiting the channel correlation in the frequency domain,
the proposed sounding scheme can improve multi-sector coop-
erative beamforming performance, while significantly reduc-
ing the signaling overhead for the sounding. The proposed
scheme sequentially determines PRUs for the sounding and
the filter taps for the channel estimation according to the
channel correlation, making the implementation quite feasible.
The simulation results show that the proposed scheme is
quite effective in the presence of channel correlation in the
frequency domain.
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