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Abstract - In this paper, we consider a new channel probing
scheme for opportunistic scheduling in the uplink of orthogonal
frequency division multiplexing (OFDM)-based wireless systems.
To reduce signaling overhead for the probing, we consider a two-
step channel probing process; called pre-probing and main-
probing. Good subchannels are first estimated through the pre-
probing process using a probing signal transmitted through
subcarriers spread out the whole bandwidth. Then, by sending a
main-probing signal over only good subchannels, the proposed
scheme can significantly reduce the probing signaling overhead
without noticeable performance degradation compared to the full
probing scheme. Finally, the performance of the proposed scheme
is verified by computer simulation.

I. INTRODUCTION

Orthogonal frequency division multiplexing (OFDM) has
been considered as one of the most promising transmission
techniques for broadband wireless access. OFDM systems can
increase the spectral efficiency by exploiting so-called multi-
user diversity (MUD) gain [1], [2]. Recently, the use of
opportunistic transmission has been applied to the uplink as
well as the downlink [3], [4]. OFDM signals are often
transmitted through subchannels each of which comprises
several subcarriers.

To employ opportunistic transmission in the uplink, the base
station (BS) needs to know the channel condition of mobile
stations (MSs). The BS can estimate the channel condition
using a probing signal transmitted from the MS. For example,
IEEE 802.16e uses a probing signal pre-determined during the
initial access or handshaking process [4]. However, it may
require heavy signaling burden to provide desired performance
since the probing signal is transmitted over contiguous
subchannels without considering the channel characteristics of
MS. As a consequence, it may be quite inefficient in the
presence of high correlation between the adjacent subchannels.

In this paper, we propose a new channel probing scheme
comprising two steps, pre-probing and main-probing.

First, it is desirable to find out subchannels in good channel
condition. To this end, the MS transmits a known pre-probing
signal which covers up the whole frequency band. To minimize
the signaling overhead for the pre-probing, the pre-probing
signal is transmitted over every several subcarriers. Once the
MS knows subchannels in good channel condition, it transmits

another known signal, called main-probing signal, only through
good subchannels. By exploiting the two-step approach, each
MS can utilize subchannels in good channel quality for the
signal transmission, without increasing the probing signaling
overhead. It is shown that as the number of MS increases, the
proposed probing scheme can provide the almost same
performance as full probing scheme that use a probing signal
that occupies all subcarriers.

The rest of paper is organized as follows. Section Il
describes the system model in consideration. The proposed
two-step channel probing scheme is described in Section Il
and verified by computer simulation in Section IV. Finally,
conclusions are summarized in Section V.

Il. SYSTEM MODELING

Consider an uplink OFDM system with K active users,
where the whole bandwidth is divided into M subchannels
comprising N  subcarriers, resulting in total MN
subcarriers. Let X, (n,t) be the data symbol of MS k for
the n-th subcarrier at time t. Assuming that X, (n,t) is
transmitted over an additive noise channel H, (n,t), we can
represent the received signal Y, (n,t) as

Y (nt)=H, (nt) X, (n,t)+N(n,t) 1)
where H, (n,t) is assumed to be a zero mean complex
Gaussian random variable with unit variance and N(n,t)
represents additive noise term. Let H, (m,t) be the averaged
channel gain of the m-th subchannel of MS k at time t.
Then, it can be obtained by averaging the channel gain of N
subcarriers belonging to the subchannel as

N-1

)=t
N n=0

H, (MmN +n,t) (2)

Assuming that all the MSs have the same average signal to
noise ratio (SNR) equal to y, , the corresponding
instantaneous SNR of MS k for the m-th subchannel at time
t can be represented as

7o (mt)=|A, (mt) 7, )

an
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Fig. 1. Processing concept of the proposed probing scheme.

Assuming that the channel characteristics are invariant over
each subchannel, the probability density function (pdf) and the
cumulative distribution function (cdf) of y,(m,t) can
respectively be given by

fy(ﬂ/k):}/ie)(p[_ﬁ} %20, 4
Fr)=]" f,(0dx. ®)

I1l. PROPOSED PROBING SCHEME

We consider the probing comprising two steps, pre-probing
and main-probing, which are performed every T, and
T,(£T,) seconds respectively as shown in Fig. 1. Here, the
probing period T, and T, can be adjusted according to the
channel condition (e.g., the user mobility) to minimize the
signaling overhead for the channel probing. During the pre-
probing period, each MS transmits a pre-probing signal over
the whole frequency band to determine subchannels in good
channel condition. Once each MS knows subchannels in good
condition, it transmits a main-probing signal only over good
subchannels to accurately estimate the channel condition. Since
MSs can consider the use of the same subchannels
simultaneously, the scheduler can additionally achieve a multi-
user diversity (MUD) gain.

In the first step, MS k transmits pre-probing signal R’ (n,t)

over every d(=K) subcarrier as illustrated in Fig. 1, i.e.,
RP(dl +k,t)=cP(l,t) (6)

where cP(I,t) denotes the I-th signal for the pre-probing at
time t and the superscript p indicates the pre-probing step.
Note that the orthogonality among the MSs can be maintained
by sending pre-probing signals through a set of non-overlapped
subcarriers. By probing the channel condition through the
whole frequency band, the BS determines a set of subchannels
S, having good channel condition (i.e., the SNR larger than
threshold ¢, ) for each MS as

S ={M |7 (M. t) >} (7)

Here, ¢, can be determined by considering the estimated
SNR y,(m,t) of the m-th subchannel at time t.

In the second step, MS k transmits the main-probing signal
R™(n,t) through subchannelsin S, determined by (8) as

P" (N +1,1) :cm(l,t)exp(ﬂ} M eS, (8
U

where ¢"(l,t) is the I-th pilot symbol for the main-probing
at time t, u is the phase shift index [5] and the superscript
m indicates the main-probing step. Since a phase shift in the
frequency domain results in a delay in the time domain, the
orthogonality among the MSs can be maintained by making the
amount of phase shift x be equal to the number of MSs that
simultaneously transmit the main-probing signal over the same
subchannel [3], [5], [7]. Through the main-probing process, the
BS can not only accurately estimate the channel condition to
determine the data rate for the subchannel, but also achieve the
MUD gain by choosing a MS in the best channel condition.

In the proposed scheme, the BS can determine the pre-
probing interval T, and the main-probing interval T, for
each MS according to the channel correlation in the time
domain. If T, is set to a large value, the system throughput
can be reduced since the outdated channel gain of good
subchannel can easily be worse. On the other hand, if T, is set
to a too small value, it may also result in a reduction of the
system throughput because the pre-probing signal requires a
large amount of resource. Similarly, as T, increases, the data
rate previously determined may not be appropriate to the
current channel condition and thus reducing the system
throughput. But as T, decreases, the overhead for the main-
probing may reduce the overall system throughput. Thus, it is
required to properly determine the value of T, and T,
considering both the channel characteristics and signaling
overhead.

Let R, (At) be the correlation between the channels at time
t and t+At defined as

R (A) = E{H, (n,)H,"(n,t+At)| 9)



TABLE |
SIMULATION PARAMETERS

PARAMETERS Values
Number of subcarriers per subchannel (N ) 36
Number of subchannels (M ) 24
Average SNR ( 7,) 10dB
Doppler spread ( f, ) 21.3 Hz
rms delay spread ( z,,,, ) 2300 ns

Pre-probing interval (T,)
Main-probing interval (T, )

25ms (R(At) ~0.1)
5ms (R(At) ~0.85)
Chase combine with max

HAR
Q retransmission of 3

where the superscript * denotes complex conjugate and
E{X} denotes the expectation of random variable X . Then,
T, and T, can be determined as

'fl =arg mTax{Rk(Tl)s(Sl}, (10)

'fz =arg rr1Tzzax{Rk (T,)<36,} (12)

where ¢, and o, respectively are threshold values to be
optimized considering the trade-off between the channel
probing performance and the signaling overhead for the
probing. Note that the pre-probing and main-probing should be
performed disjointly to preserve the orthogonality between the
probing signals.

For performance analysis of the proposed probing scheme,
assume that all the MSs use the same threshold, i.e., o, =
for k=0,..., K-1. First, we consider the case where the
channel is invariant over the probing period, i.e., we assume no
capacity loss due to the outdated channel information. We set
the SNR of subchannels having an SNR less than the threshold
value (e, 7 (mt)<a) to zero (ie, y,(mt)=0) to
prevent resource allocation. In this case, the pdf and cdf of the
SNR can be represented respectively as [8]

0, O<y <a
fa(yk):{f(yk), }/kza, (12)
F(e), 0<y <a
Fa (7k):{F(7/k), }/k 20.’ (13)

Assuming the scheduler chooses a MS having the largest SNR,
the system capacity can be represented as [10]

Cprop :J.: |ng(l+}/k)K Fa (}/k )K71 fzz (yk)d}/k

B K-1 1 (14)
:.[ Iogz(1+;/k)K(1—exp[—7—kD —exp[—y—"jdyk.
“ }/0 }/0 0

By using the binomial expansion [11], this can be rewritten as

Co =04 K E 01 i‘ljlexp[—(“””}dn. (15)

o] o]

On the other hand, when probing signal is transmitted over the
whole bandwidth, the system capacity can be represented as

Crar = [ 100, @+ 7 )K F (1) £ (1) 7,
» K-1 (K -1 H (16)
[/ Iog2(1+7/k)KZ(—l)'[ i J%exp(—a;ﬂjdyk.

0o o

Define C,, by the capacity loss due to the use of the
proposed scheme when compared to the use of full SNR
information as

Cioss =Cpun —C an

loss prop *

It can easily be shown that

Cis = [ 10,0+ 1)K F (1) f (1) dr

} i (Ko , (18)
=["log, 0+ 1)K Y. (1) [Ki ]jiexp[_wjdyk.

o o

It can be seen that

mC

lim C,,, =0 (19)

loss
because F ()" is decreased to zero due to that F(y,)<1.

Next, consider the capacity loss due to the use of outdated
channel information. The channel gain H, (n,t+At) of the
n-th subchannel at time t+At can be expressed in term of
H,(n,t) as[9]

H, (n,t+At) = R (AH, (n,t)+1-|R (A z, (n,t)  (20)

where z,(n,t) is a zero-mean complex Gaussian random
variable with unit variance and independent of H, (n,t). Then,
the expected SNR of the m-th subchannel at time t+ At can
be represented as

1)
~ }/0

Letting 7z, be the index number of the MS assigned to the
m -th subchannel as

7, =arg max 1{}/k (m.t)}, (22)

0,..,K-



MS 7z, has an expected SNR represented as
~ 2
yDE{|H,,m (m.t)| }Z}/D. (23)

This is mainly due to that each MS transmits the probing signal

over supchannels , having high SNR. Letting
r,=yE |H”m(m,t)|i, the expected SNR of the m -th
subchannel’at time t+ At can be represented as

7, (it a0 =[R (AT, +(1-[R (a0 )7 (@4)

It can be seen that as At increases, |Rk (At)|2 decreases,
yielding the reduction of the capacity.

IV. PERFORMANCE EVALUATION

The performance of the proposed scheme is verified by
computer simulation. The simulation environment is almost
identical to [4] and summarized in Table I, where each of 24
subchannels comprises 36 subcarriers. We assume ideal
estimation of SNR, and that perfect AMC is implied to clearly
examine the effect of probing schemes on the system
performance. Threshold ¢, of main-probing is determined by

a :(1—ﬂ)(max{;/k (mt)})

(25)

Jrﬁ(min{;/k (mt)}) 0<p<1
where g is a system parameter applied to all MSs to
determine the number of subchannels for the main-probing. For
example, when g =0, each MS sends the main-probing signal
through only one subchannel having the maximum SNR and
when =1, each MS transmits the main-probing signal over
all the subchannels.

Fig. 2 depicts the throughput performance according to the
subcarrier interval d in the pre-probing when K =4 and
S =0.65. It can be seen that as d increases, the throughput
performance decreases since the number of the pre-probing
signal per subchannel is reduced, yielding a large channel
estimation error. And the performance rapidly deteriorates as
d increases in highly frequency selective environments (i.e.,
large delay spread) due to inaccurate channel information.

Fig. 3 depicts the throughput performance of the proposed
scheme according to B (or equivalently the number of
subchannels for the main-probing) when K =36 and d =36
(i.e., only one subcarrier per subchannel). For comparison, we
consider the use of full channel information for the scheduling.
It can be seen that as g increases, the performance of the
proposed scheme rapidly increases. This is mainly due to the
fact that as the number of subchannels for the main-probing
increases, each subchannel can be probed at least by one MS.

Fig. 4 depicts the throughput performance of the proposed
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scheme according to the pre-probing interval T, when K =4,
d=4 and B=0. It can be seen that as T, increases, the
throughput performance deteriorates. This is mainly due to the
fact that as the larger T,, the higher the probability that the
channel condition of the selected subchannels is not good. It
can also be seen that as the Doppler spread (or the user
mobility) increases, the performance is reduced since the time
correlation of the channel decreases.

Fig. 5 depicts the throughput performance of the proposed
scheme according to the main-probing interval T, when
K =4, d=4 and B=0. It can be seen that as T, increases,
the system performance deteriorates. This is mainly due to the
fact that data rate determined by the man-probing process is no
longer optimum to the current channel condition. Besides, as
the Doppler spread increases, the performance loss increases
since the channel correlation in time decreases.
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Fig. 6 depicts the throughput performance of the proposed
scheme according to the number of MSs when d =36 and
£=0. When K =36, it can be seen that when the same amount
of probing signal is used, the proposed scheme improves the
throughput performance by about 13% compared to the use of
conventional IEEE 802.16e scheme that determines the probing
subchannels without considering the channel state of MS. It
can also be seen that as the number of MSs increases, the
proposed scheme can provide the throughput performance
comparable to the full probing scheme while significantly
reducing the signaling burden for the probing.

V. CONCLUSIONS

In this paper, we have proposed a new channel probing
scheme in the uplink of an OFDM-based multi-user wireless
system. By first determining good subchannels and then
sending the probing signal over only subchannels in good
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condition, the proposed scheme can remarkably reduce the
signaling burden for the probing without noticeable
performance degradation. It has been shown that the proposed
probing scheme provides almost the same throughput as the
full probing scheme as the number of MSs increases. The
simulation results show that the proposed scheme outperforms
the conventional scheme and can remarkably reduce the
signaling burden for the probing compared to the full probing
scheme.
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