Journal of Engineering and Development, Vol. 12, No. 1, March (2008) ISSN 1813-7822

Frequency Hopped-Orthogonal Frequency Division
Multiple Access (FH-OFDMA) System Performance
with Extending Quadratic Congruence (EQC)

Hoping Code patterns
Dr. Emad Shehab Ahmed Asst. Lect. Fatima Faydhe Mohammad
Electrical Engineering Department Technical Electronic Department
University of Technology, Baghdad, Iraq Institute of Technology, Baghdad, Iraq

Abstract

In this paper Frequency-Hopped Orthogonal Frequency Division Multiple Access
(FH-OFDMA) system is considered. The performance of different Extending Quadratic
Congruence (EQC) orthogonal hopping code patterns is examined in relation to OFDM
transmission.

The performance is evaluated in terms of Bit Error Rate (BER) in white Gaussian
noise and Rayleigh fading. Multi-user interference (MUI) is eliminated and symbol
recovery is guaranteed.

The performance of FH-OFDMA system shows low bit error rate and good
correlation properties under the circumference of the assumed channel.
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1. Introduction

FH-OFDMA is one of the hybrid CDMA-OFDM systems, in which every user has a
fixed set of sub-carriers. They are relatively easy changed to allow frequency hopping per
timeslot. Hopping with different patterns for users actually transforms the OFDMA system to
a Frequency Hopping CDMA system. This has the benefit of increasing the frequency
diversity, because each user uses all of the available bandwidth as well as the interference
averaging benefit that is common for all CDMA variants (1.2

Using forward-error correction coding over multiple hops, the system has the ability to
correct for sub-carriers in deep fades or sub-carriers that are interfered by other users. Because
the interference and fading characteristics is changed for every hop, the system performance
depends on the average received signal power and interference, rather than on the worst case
fading and interference power.

Frequency hopping OFDMA system can eliminate multi-user interference (MUI) by
careful code design 2. Hopping Codes that are used in OFDMA system must be orthogonal
in order to eliminate MUI.

To obtain OFDMA scheme, the Hadamard matrix is replaced by the identity matrix.
Note that the spreading and dispreading multiplications do not need to be implemented in this
scheme since only one position per codeword is nonzero. The OFDMA scheme can therefore
be claimed to be of lower computational complexity compared to the schemes that use
Hadamard codes .

This paper is organized as follows. In section 2 the FH-OFDMA system model is
considered. Section 3 deals with EQC hopping sequence generator. Section 4 defines the
FH-OFDMA modulation and demodulation. Simulation and results are presented in section 6.

2. FH-OFDMA System

The baseband block diagram of FH-OFDMA system is given in Fig.(1). Data are
converted from serial to parallel with block size M.

) Cyelic
Sefial to Data :
Parallel " Modulation *| IDFT . Pre_f_nc

: Addition
Hopping
Sequence Channel
Generator
clic
Parallel to | pata | ) Cyel
Serial | Demodulation| OFT ¢ Prefix
Remaoval

Figure (1) Frequency-hopping baseband OFDM transmitter
and receiver structure
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Let X, (i,n) = X(i,nM +Kk), k=0,1,---,M —1, denote the kth symbol of the nth data
block generated by the ith user.
Then, the vector x(i,n) =[X,(i,n) X,(i,n)--- X,,,(i,n)]" represents the ith user’s nth

data block 1,

Every user transmits over M sub-carriers, which are assigned or selected according to
EQC hopping code. Let C,(n) ={f, .., f,..,---, T, u_}be the set of sub-carriers which user
i transmits its nth block where the ordering of sub-carriers is according to Y,. Thus
Ci(n)c{L,e"z”’N,m,e"z”(N’l)’N} has cardinality M for all i and n. The transmission of
sub-carriers in C, (n) are altered for all i at each symbol block time as dictated by a hopping

sequence generator.
Define the M x 1 vector as:

j2nf; j2nf. j2nf
B [ T ettt )

For m=0,1---,M —1, then the modulation of the sub-carriers set produces the OFDM

symbol.
$(1,1) =[So(1,1) S1(1,1) -+ Sy s (1, N)] 7 eevenreereererreeeeresree e reseeeeesae e, (2)
where:
S,.(i,n) = %xT(i, nyf" = % gxk(i,n)e"z"fwm .................................... (3)

A cyclic prefix (CP) is appended to each block before transmission, where the last P
symbols of the OFDM stream are added to the beginning in order to combat the inter-carrier
interference, creating:

Sep(i,n) =[Sy_p(i,N)+-Sp_, (i,n) Sy (i,n) S, (1,n) - Sy (1LM] eeveeeneennennnnn. 4)
The channel output for user (i) is:

Y(I,N) =H>,N)Scp(1,N) + Z(1,N) tereiiiiiiiiiieiiiiiiiiiiiierieetesieesesnsessasnnn. (5)

where: the discrete-time Fourier transform of the complex Gaussian channel coefficients
{h, (i,n)}" is from the elements of the MxM diagonal matrix H (i,n) for user i. The

vector Z(i,n) represents the aggregate of AWGN as well as, possible MUI to user i.

98



Journal of Engineering and Development, Vol. 12, No. 1, March (2008) ISSN 1813-7822

3. Hopping Sequence Generator

The frequencies which are determined by EQC construction can be given by ©!:

0 if k=0
Y, ={[Y +ak]mod(N) if 1Sk<(N=1)/2 } eveereeereecreennn, (6)
[V +bk]mod(N) if (N+1)/2<sk<N-1

where:
a and b: are some integers members of the set Jy = /1,2, ..., N-1] and,
N: is assumed to be an odd prime.

Equation (6) can be rewritten in closed form as

[a.k(k +1)/2]mod(N) if 0<k<(N-1)/2
Yie= {[b.k(k+1)/2—(a—b).(N2 —1)8] it (N-1)2<ks< N—1}

The sequence of the integers Y, defined in Eq.(7) is permutation for the set
Jn=1[L12, ..., N-1] if and only if a and b are not both, quadratic residues (QR) or quadratic
non-residues (QNR) for the odd prime N, each permutation is uniquely defined by the ordered
pair (a, b).

N-1)/2
In the case of odd primes, Gauss show ® that o is QR if and only if [o D ] mod(N)=1

N-1)/2
and that B is QNR if and only if [ o ] mod(N)=-1, where a=a and p=b. The number of

QRs is equal (N-1)/2 and the number of QNRs is also equal to (N-1)/2, therefore the numbers

2[6
of extended quadratic code word are exactly equal to 2((N-1)/2) l

4. FH-OFDMA Modulator

FH-OFDMA system can be considered as a frequency hopped multi-carrier on-off
keying FH-MC-00K [ Modulation and demodulation processes of FH-OFDMA depending
on those operations in FH-MC-OOK will be explained. Figure (2) shows the block diagram
of FH-OFDMA (FH-MC-OOK) modulator.

The tone frequencies are chosen such that modulator outputs are orthogonal. The
minimum tone spacing which makes the signal non-coherently orthogonal is1/T , where T is

the symbol (M-ary) duration &), Let;

(K) _(qK) ~k) (k)
A0 = (A9, A0, A8, ) et 8)
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Be the binary representation of the transmitted symbol | of user k,
wherel €{0.1,---,M —1}andk € {0,1,---, K -1},

FH-OFDILA Modulator

| [ZE, [T cos(2rit + 6, i
dg*'mi 'é} i
I |
2B, JT cos(2mye + 8,y |
M-ary Serial d{“i l i S )
input data P::M : _@} : - _|_ > IDFT | _ _
Converter . : |
1 |
E JZE, T cos(2r,_y +6,_))
I | I
dflj | 1
— |
Figure (2) FH-OFDMA modulator
The output signal from modulator of user k is:
2E, 5~ 400 [ (f(k) f) (k)] <t< 9
s, (1) = ?ZdhI cos2rlf™ +F Jt+0M ] 0<t<T cevvvveiiiiiiiiiienn, (9)
i=0

where:
Es: is the energy per tone,

fh(k) - is the hopping frequency of user k,
fi: is the tone frequency, and

0" - is the phase in ith tone of user k.

We assume that {6}, i=0,1,---,M —1and k=01---,K —1, are independent and

identically (uniformly distributed over [0,27]), and the tone spacing |fi —f | is 1/T, which

i+1
makes the signal non-coherently orthogonal .

The channel is assumed to be a slow frequency nonselective Rayliegh fading, which is
appropriate when the signal bandwidth is much smaller than the coherence bandwidth of the
channel. For all except very slow hopping cases, detection is normally performed non-
coherently because of the difficulty in maintaining carrier phase reference under changing

frequency condition 7.
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5. FH-OFDMA Demodulator

Figure (3) shows FH-OFDMA demodulator, where the output signal from DFT is
non-coherent demodulated, and decision is made independently by comparing the energy

detector output r, = +r with a threshold y.

J2fT cos(2rye)
T
@} I{ )df' i ) Decided 11f
| : . L
‘-‘\‘:)/; i( )at‘t Fos ( )2 Othetwisze 0
T Gl
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T n ,
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o ] n M-ary
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62\ A P 2
e [ e € 1, [Peededti
L [ ha1
— @}—. o2y —
T
___{g _[( Yt The-1s (¥ T Otherwise 0
T 0

ST sin (20,6

Figure (3) FH-OFDMA demodulator

If the zeroth user is assumed to be the reference user, then the correlator output ric and r;s
for ith tone, i=0, 1,..., M-1, is given as ©®!:

]‘ r (t)\/7 cos(2nf.t)dt

0
d©)/E,B, cos 07 + Zd,‘k,)\/—Bk 10/ A o (10)

}r (t)\/75|n(2nft)dt

0

= [(0’\/_Bosm9°+2d‘k)\/_ﬁksme"+n}
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where:
r'(t) : is the output signal from DFT and
nic and nj: are independent Gaussian random variables with mean zero and variance NO/2. If r; is

greater than y we decide logic “1” is transmitted in the ith tone, otherwise, we decide

logic “0” is transmitted in the ith tone.

6. Simulation and Results

FH-OFDMA system was modeled using Matlab 7 to allow various parameters of the
system to be varied and tested. The aim of simulation is to evaluate the performance of
FH-OFDMA under different channel conditions, and to allow for different FH-OFDMA
configurations to be tested. Three main criteria were used to assess the performance of the
FH-OFDMA system, system under AWGN, under AWGN and one path fading, under
AWGN and one path fading with Compensation %!, All tests were obtained with fast and
slow hopping with two different word lengths EQC code.

6-1 FH-OFDMA under AWGN
BER of FH-OFDMA system four users under AWGN is shown in Fig.(4).

] —8— FH-OFDMA AWYGEMN (no compensation) .
1 —— fast-FH-OF DMA AWVWEN (no compensation) |77 7517 i

. | —=— slow-FH-OF DMA AWGN (ho compensation) -
3 T T T T 1

5 o 5 10 15 20 25
Eb/Na (dE)

Figure (4) BER of FH-OFDMA under AWGN for 4-users

From figure 4 it is clear that slow-FH-OFDMA is the worst between all three categories.
FH-OFDMA with EQC code show a good auto-and cross correlation properties as shown in
Fig.(5). The normalized sidelobe level and the peak of cross correlation are less than 0.1.
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Figure (5) Correlation properties of FH-OFDMA signal;
(a) auto-correlation, (b) cross- correlation

6-2 FH-OFDMA under one Path Fading and Perfect Compensation
BER performance of FH-OFDMA system under one path fading is shown in Fig.(6)
while the perfect compensation for one path fading is shown in Fig.(7).

I T I I
—=— FH-OFDMA 1 path ravlsigh(no compenzsation)
—<}— fast-FH-OFDMA 1 path rayleighino compensation)
—H— slow-FH-OFDMA 1 path rayieighino compensation

BER

EbNo (dB)

Figure (6) BER performance of FH-OFDMA under one path fading
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E —&— FH-OFDMA 1 path ravyleighiperfect compensation) -
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_______________

e
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Figure (7) BER performance of FH-OFDMA under one path fading
and perfect compensation

From Fig.(6), it is noted that, fading in FH-OFDMA that caused high BER could be
overcome by using perfect compensation.

6-3 FH-OFDMA under AWGN with Two Different Word Lengths and
Different Number of Users
In this section EQC of lengths 4 and 10 have been used. Figure (8) show good BER
performances. Increasing the word length of EQC code enhances the BER performance. Since
the number of code words for each length is 2[(N-1)/2]? so it is applicable for multiple access
systems.

: "-E—El—wordlength-_'} E
Tttt e = A Z— waordlength 10 7]
10k
107 ks
o
L
I O U AU, Y. A, N S
107 ks
107 L
5 D 5 10 15 20 25

Eb/Mo (dB)
Figure (8) BER of FH-OFDMA under AWGN with two word length
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BER of FH-OFDMA system with various numbers of users under AWGN is shown in
Fig.(9).

MNumber of users

Figure (9) BER of FH-OFDMA under AWGN with various number of users

From Fig.(9) it is clear that BER increased with the increasing of number of users. We
did not use this number of users that reached to 25 users in the other tests because of delay
time that occurs in running Matlap program, running time reaches to two hours and half for
one reading, so we take 4 users to make the running time as short as possible. This reason is
the same for way that we take 4 and 10 word length of EQC code. As long as word length of
the hopping code is long enough reaches to 1000 hop per user ** BER will be decreased.

7. Conclusion

This paper focuses on the performance of FH-OFDMA system. The system is tested
under different channel conditions using different EQC hopping code patterns. It was shown
that EQC code gives high orthogonality and perfect low interference between users. Perfect
compensation is used in the test and it is capable to overcome the selective fading in
FH-OFDMA system. According to the results FH-OFDMA system can be considered as a
high bit rate system with optimal BER performance, MUI elimination and high symbol
recovery, making this system capable for uplink transmission.
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