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Absrmcf-A base station (BS) identification scheme for 
frequency-hopping (FH) orthogonal frequency division 
multiple access (OFDMA) is proposed. This scheme is 
based on the use of periodically inserted pilot tones 
carrying binary information. The identification process 
consists of two steps. First, location of pilot tones are 
detected and second, the binary sequence associated with 
the pilots are identified. Modified maximum likelihood 
(ML) rules for the two steps are derived. Computer 
simulation results demonstrate that the proposed scheme 
can outperform the existing method that utilizes the slope 
of a pilot tone hopping sequences, yet it is considerably 
simpler to implement. 

I .  INTRODUCTION 

A FH-OFDMA based system which is being considered 
in lEEE 802.20 standardization [l], [2] is based on the use 
of a Latin square hopping sequence [3]. Such a sequence 
generates a hopping pattern with a unique slope, and BSs are 
identified from the slope of the pilot tone hopping sequence 
[I], (21. The identification scheme is well suited to the 
Latin square hopping-based FH-OFDMA system, but cannot 
be employed for FH-OFDMA systems with other types of 
hopping sequences [4], [51. Furthermore, its implementation 
can be difficult, because determining the slope of the hopping 
pattem tends to need heavy computation. 

The BS identification scheme proposed in this paper sug- 
gests the use of periodically insened pilot tones carrying 
binary information to transmit the information of the hopping 
pattems. While each user hops f" one subcanier to another, 
the pilot tone is fixed in the frequency domain. This fact 
simplifies the detection of pilot locations, yet the probability 
of hitting between the pilot or data of an adjacent cell and user 
data remains almost the same, as compared with the existing 
system in which both pilot and user data hop. After detecting 
the. locations of pilot tones, the binary sequence transmitted 
over the pilot is identified under the assumption that the 
channel is fwo quasi-static within fwo successive OFDM 
symbol period. Computational complexity comparison and 
simulation results indicate that the proposed approach to BS 
identification, consisting of pilot location detection followed 

by pilot sequence identification, is simpler to implement and 
can perform better than the scheme in [I]. 

11. SYSTEM MODEL 

In the proposed method, pilot tones are located periodically. 
Let N, Np and iv, denote the number of total subcaniers, that 
of pilots and that of data, respectively, in an OFDM symbol. 
The index of the j-th pilot suhcarrier, j E {1,2, .  . . , N P } ,  can 
be expressed as (j - 1)AJ + m where A l  is the period of pilot 
location and m E {0,1,. . , h J  - 1). Fig.1 illustrates the pilot 
locations when N = 32, Np = 4 and A4 = 8. Note that there 
are eight groups of pilot locations depending on the choice of 
m. The proposed method first determines the pilot location by 
estimating m, and then identifies the pilot sequence details 
will be presented in the following section. The locations of 
data subcaniers vary according to a FH pattern. In general, 
to mitigate intercell interference, only a portion of the total 
subcaniers are used for pilot and data transmission and the 
rest remain unused (Fig. 2). For example, the FH-OFDMA 
system in [2] only exploits about 30% of the subcaniers for 
transmission. 

Assuming perfect frequency synchronization, the frequency 
domain received signal at the n-th subcanier of the i-th OFDM 
symbol is expressed as 

Y(i,n) = pn(i)H(i ,n)&(i)  + w(i,n),  (1) 

n E (0,. .. , N - l}, 

where d,(n) denotes either a pilot or a data sample transmitted 
through the n-th subcanier at the i-th OFDM symbol time, 
H ( i ,  n) denotes the corresponding frequency domain channel, 
ur(i,n) is AWGN, and p,(i) is an indicator variable defined 
as 

1, if either a pilot or a data sample is transmitted, 
p n ( i )  = { 0,  otherwise. 

( 2 )  
Given the n-th subcanier which is not occupied by a pilot, the 
probability that this subcanier carries an informalion symbol 
can be written as a a &. Therefore, the probability mass 
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Fig. 1. Pilot locations when N = 32. N,=4 and M=8 

function (pmf) of p,(i) is given by 

1, if n is a pilot subcarrier, 
a,  otherwise, 

P(p,(i) = 1) = (3) 

Rbt Lgld 

Fig. 2. AD e m p l e  of pilot and daw nansmission according to the proposed 
method when N = 32. N p  = 4, M = 8, m = 2 and 6 data samples are 
"itled over each OFDM symbol. 

and P(p,(i) = 0) = 1 - P(p,(i) = 1). 

111. PROPOSED BASE STATION IDENTIFICATION METHOD 

Each BS is identified by assigning a pilot sequence and 
a pilot location which is characterized by m (see again Fig. 
1). The total number of BSs that can be identified is given by 
MNseq where NSeq is the number of available pilot sequences 
(m E {0,1,. ' '  , A4 - 1)). At a mobile unit, the pilot location 
is identified first by estimating m and then pilot sequence 
identification follows. Details on this two step procedure are 
described in the following subsections. 

A. Pilot Posirion Identification 

To minimize the intercell interference among pilot subcam- 
en ,  pilot location parameter m is assigned to each BS so that 
neighboring BSs have different m values (reusing m with the 
reuse factor A4 is possible). 

Supposed that N, OFDM symbols {Y(I), . . . , Y ( N , ) }  
are received where Y(i )  = [Y(i,O), . . .  Y ( i , N -  1)IT 
and {Y(i)}  are independent of each other. Denote the set 
of the received symbols by Su = {Y(l), . . .  , Y ( N , ) } .  
Determining m by observing S y  is an hf hypothesis testing 
problem that can be solved under the following assumptions. 

(A.1) Nd < N - Np.  
1, if n is a pilot subcarrier index, 
a, otherwise. 

(A.2) p,(i) = 

H ( i , n )  are deterministic. 
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(A.l) is true if there is at least one suhcanier which is not 
used for transmission in each OFDM symbol. This assumption 
guarantees that a < 1. (A.2) relaxes the integer constraint in 
the original definition of p n ( i )  in (2). It can he justified due 
to the fact that the expected value of p,(i) is equal to cy when 
n is not a pilot suhcanier. 

The conditional joint probability density function (pdf) of 
OFDM symbols in Sy assuming m, {H( i ,n ) } ,  { p n ( i ) }  and 
{d,( i ) }  is given hy 

(4) 
where 

i =  1 n= 0 

In the GLRT, an m value which maximizes 
f (Sy im,B( i ,n ) ,pn( i ) ,d , ( i ) )  is evaluated, where A(i,n) is 
the ML estimate given by 

Fi(i,n) = dn(i)Y(i,n)/ldn(Z)12, (6) 

Using (6) in ( 5 ) ,  L , ( S y )  is rewritten as 

Ne N--l 

= (1-CqC IY(i,n)12 
i= 1 n= 0 
N, N P  

- (1-a) 'ECIY( i , (v - l )A .r+m)l2 .  (7) 

Because the first term of (7) is independent of m, we get 
<= 1 v= 1 

the following detection rule: 

In this rule, pilot position is identified by comparing the 
accumulated signal energy of the suhcaniers corresponding to 
pilot position candidates. 

B. Pilot Sequence ZdentiJcation 

To simplify notations, let {Yo(i)jv = 1 , 2 , .  . . , N p }  denote 
the received signal at the pilot locations of the i-th OFDM 
symbol where Y,(i) = Y( i ,  (U - l)A4 + hatm). Suppose that 
the pilot sequence corresponding to {Yu(i)} is the 1-th pilot 
sequence, 1 E {0,1,. . . , N,,,}, which is an N,-dimensional 
vector denoted as [&(i), d i 2 ( i ) ; . .  , d i . ~ ~ ( i ) ] ~  where di,(i) E 
{-1, I} (Fig. 3). From the conditional pdf of {l'"(i)}, the ML 
rule for determining I is given by 

kn hl ,=z M 

Fig. 3. An example illustrating the pilot sequences when m = 3 and N,,, = 
4. Here the pilot sequence at odd times are all one sequences and those at 
even times are Hadamard sequences. { I ]  denole the indices of Hadwnvrd 
muences. 

where H,(i) = H(i , ( v  - 1)M + 6 2 )  and N,,, is the 
uumher of candidate sequences. In this case, if &(i) = 
dp,,(i)Yu(i)/ldpu12 is used for H,(i) in (9). then Yu(i) - 
k u ( i ) d L , u ( i )  = 0 regardless of 1'. Therefore, an altemative 
estimate of H J i )  is needed and we suggest the use of the 
following estimator: 

This is an ML estimator when H,,(i) = H,(i - I), and it 
is valid when channel is quasi-static. Replacing H,(i) in (9) 
with (IO), we get the following detection rule: 

N .  N. = .  

f =  arg~awCCY, ( i )Y : ( i - l ) (d i , , ( i )d i , , ( i -  l i  2 U= 1 l)) ,  

l ' E { O , . ~ ~ , N s e g - l } . ( l l )  

This rule evaluates the correlation between differentially en- 
coded received signals and differentially encoded pilot se- 
quences. Therefore the rule in (11) can detect the transition 
between dl,,(i) and dp,(i - 1). To simplify the detection 
procedure, we aansmit an all one sequence at odd times 
and transmit dit = [dpl, . . .  , dt,pIT at even times, then 
dp"(z)d;"(i - 1) = diIu and the rule in (11)  is simplified as 

where 
N. Ns 



IV. SIMULATION RESULT'S 

The performance of the proposed method was compared 
with the existing method in [l] through computer simulation 
with the following parameters: N = 128, firp = 16, Af = 8, 
Nseq = 16 and the number of hopping sequences Nhop was 
128 (For the methods in [I], N should be a prime number, and 
IV and N,,, are set to 127). 30 independent data streams were 
transmitted by using randomly selected Latin square hopping 
sequences, and 12 tap frequency selective Rayleigh fading 
with exponentially decaying power profile was assumed. Fig. 
4 shows the BS identification error versus the normalized 
Doppler frequency f d T s  ( f d T s  E {O.oOl, 0.01, O.l}). The 
proposed method with N, = 3 outperformed the existing 
method with N, 2 8. To reach the performance of the former, 
the existing method needed 9 OFDM symbols (N, = 9). 
The number of operations (multiplication or addition) for 
the conventional method in [l] and the proposed method is 
given by NNh,(Np + N,) and NN, + 2(Ns - l)A\NS,, 
respectively. The proposed scheme was considerably simpler 
to implement. For example, the number of multiplications and 
additions needed by the proposed method with N,  = 3 was 
1408, while that needed by the existing method was 306451 
when N, = 3 and 403225 when N, = 9. In the aid of two step 
parameter estimation approach, the number of candidates can 
be dramatically reduced and even with much less computa- 
tional complexity, the proposed BS identification method can 
outperfom the conventional method which directly estimate 
the slope of Latin square sequence. 

V. CONCLUSION 

A base station identification method for F€-OFDMA sys- 
tems was proposed. In the proposed method, by identifying 
the position of pilots and the pilot sequence, FH-sequence 
of the corresponding base station was indirectly estimated. 
It was shown though simulation that the proposed method 
outperfomed the existing method utilizing the slope of a 
pilot tone hopping sequences, yet it was much simpler to 
implement. 
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Fig. 4. 
OFDM symbols used for the identification. 
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