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Abstract

In this project, we propose a “two-level” frequgrnitopping code-division multiple-access (FH-CDMA)
scheme for wireless communication systems. In @w-level FH-CDMA scheme, the available transmission
bandwidth is divided intd/h frequency bands withdm. carrier frequencies in each band. In the firsbdmation)
level, a number of serial data bits is grouped togreand represented by a symbol. Each symbolnigurn,
represented by a modulation code of dimen#fon x Lm. In the second (FH) level, each user is assignecigue
FH pattern of dimensioMh x Lh and weight (i.e., number of elementgh, where Mh is the number of
frequenciesLh is the number of time slots (i.e., pattern lengffe elements in the modulation codes and FH
patterns determine the carrier frequencies of it FH-CDMA signals. . The new scheme providegiHity in
the selection of modulation codes and FH patteths. results show that the partitioned two-level EBMA
scheme supports higher data rate and greater 8ESadman’s frequency-shift-keying FHCDMA scheme

Keywords: Code division multiple access, code modulatioegfiency hopping, spectral efficiency

Introduction

FREQUENCY-HOPPING code-division
multiple access (FH-CDMA) provides frequency
diversity and helps mitigate multipath fading and
diversify interference. Major advantages of FH-CDMA
over direct-sequence CDMA include better resistance
multiple access interference (MAI), less stringpatver
control, and reduced near-far problem and multipath
interference. By assigning a unique FH patternédohe
user, a FH-CDMA system allows multiple users toresha
the same transmission channel simultaneously. MAI
occurs when more than one simultaneous usersautiie
same carrier frequency in the same time slot. “Bitfe-
FH patterns have been designed in order to minimize
MAI.

In addition, Goodman, proposed to adé@ary
frequency-shift-keying (MFSK) atop FH-CDMA in order
to increase data rate by transmitting symbols eax$tof
data bits. Furthermore, the uses of prime and Reed-
Solomon (RS) sequences as modulation codes atop FH-
CDMA were proposed in which the symbols were
represented by non-orthogonal sequences, rather tha
orthogonal MFSK. These prime/FH-CDMA and RS/FH-
CDMA schemes supported higher data rate than
Goodman’s MFSK/FH-CDMAscheme at the expense of
worsened performance. However, the weights and
lengths of the modulation codes and FH patterndegte
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to be the same in both schemes, restricting thecerad
suitable modulation codes and FH patterns to use.

In Section Il of this project, we propose a new
two-level FH-CDMA scheme, in which both modulation
codes and FH patterns do not need to have the same
weight or length anymore. The only requirementhist t
the weight of the FH patterns is at least equath®
length of the modulation codes, which is usuallyetin
modulated FH-CDMA schemes (such as prime/FH-
CDMA and RS/FH-CDMA) because each element of the
modulation codes needs to be conveyed by an eleofient
the FH patterns. Therefore, our two-level FH-CDMA
scheme is more flexible in the selection of the
modulation codes and FH patterns (not limited tonpr
or RS sequences only) in order to meet differestesy
operating requirements. The prime/FH-CDMA and
RS/FHCDMA schemes are special cases of the new
scheme.

Also in Section I, we propose a partitioning
method on the modulation codes, such that modulatio
codes with lower cross-correlation values are gedup
together. Using different groups of modulation s
an additional level of address signature, the fiamed
two-level FH-CDMA scheme allows the assignment of
the same FH pattern to multiple users, thus inangabe
number of possible users. The performance of oor tw
level FH-CDMA scheme over additive white Gaussian
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noise (AWGN), and Rayleigh and Rician fading chasine
are analyzed algebraically in Section IIl.

While previous analyses used a consph(the
actual threshold divided by the root-mean-squared
receiver noise) to approximate the false-alarm and
deletion probabilities caused by additive noisdagling,
we include a more accurate mode)sf (as a function of
actual signal-to-noise ratio) in the analyses aftisa I,
better reflecting the actual effects of false akrand
deletions to the scheme performance. In Sectionw¥/,
compare the new scheme with Goodman's MFSK/FH-
CDMA scheme in terms of performance and, a more
meaningful metric, spectral efficiency (SE). Nuroati
examples show that our two-level FH-CDMA scheme
provides a trade-off between performance and d#ta r
In the comparison of SE, the partitioned two-lekél-
CDMA scheme exhibits better system efficiency than
Goodman’'s MFSK/FH-CDMA scheme under some
conditions.

New Two-Level FH-CDMA Scheme Description
A. Two-level FH-CDMA Scheme
In our two-level FH-CDMA scheme, the

available transmission bandwidth is divided inth
frequency bands wittMm. carrier frequencies in each
band, giving a total oMmMh carrier frequencies. In the
first (modulation) level, a number of serial datiés bs
grouped together and represented by a symbol. Each
symbol is, in turn, represented by a modulationecof
dimension Mm x Lm and weight (i.e., number of
elementswm, whereMm is the number of frequencies,
Lm is the number of time slots (i.e., code lengtteT
number of data bits that can be represented byrdaly
depends on the number of available modulation cdfles
there arepm available modulation codes, each symbol
can represent up tdog2 ¢m| data bits, wher¢:| is the
floor function.

Table i twenty-five (4% 5, 4, 0, 1) prime sequences, which
can be organized into five groups with?'c, = 0 within each

group.
Group 0 | Group | | Group 2 | Group 3 | Group 4
i, ;=0 =1 =2 1,=3 =4
0 | 0000x | 0123x [ 02xI3 031x2 | 0x321
1 1111x 123x0 1302x 1x203 10x32
2 | 2222x | 23x01 2x130 | 203x1 210x3
3| 3333x | 3x012 | 302x1 31x20 | 3210x
4 | xxmax | x0123 | x1302 | x2031 %3210

In the second (FH) level, each user is assigned a
unique FH pattern of dimensioMh x Lh and weight
(i.e., number of elementsyh, whereMh is the number
of frequencies,Lh is the number of time slots (i.e.,
pattern length). The elements in the modulationesod
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and FH patterns determine the carrier frequendigbeo
final FH-CDMA signals. While an element of a
modulation code defines the carrier frequency usea
frequency band in a given time slot, an elementhefrH
pattern determines which frequency band (outMof
bands) to use. In our scheme, we can choose arljelam
of (MmxLm, wm, Aa,m, Ac,m) modulation codes and
(Mh x Lh, wh, Aa,h, Ac,h) FH patterns as long ash >
Lm, where Aa,m (da,h) and Ac,m (Ac,h) denote the
maximum autocorrelation sidelobes and cross-cdioala
values of the modulation codes (FH patterns),
respectively.

To illustrate the main concept of our two-level
FH-CDMA scheme, we here use prime sequences as the
modulation codes; other codes, such as the RS
sequences, quadratic congruence codes (QCCs), and
multilevel prime codes (MPCs), can also be used Th
prime sequences are constructed in Galois fieldhi61
a prime numbep. Each prime sequence of weighin =
p is denoted byil,i2 = (sil,i2,0,si1,i2,1, ... sil,i2l,.

., sil,i2, p-1), where thdth elementsil,i2,l = i2 @p
(i1 Op 1) represents the frequency used in tiie
position (i.e., time slot) ofil,i2 , {i1, i2, [} € GF(p),
“@p” denotes a modulp-addition, and ®p” denotes a
modulop multiplication.

Since these prime sequences are used as the
modulation codes, each element $f1,2 determines
which carrier frequency of a frequency band in eegi
time slot to use. If the number of available carrie
frequencies is restricted or the sequence weightdéo
be wvaried in order to achieve certain scheme
performance, we can always adjust the sequencehtveig
to bewm < p by dropping the largegt-wm elements in
Sil1,2 . As a result, the construction algorithm gives
p2 —p + wm prime sequencesl of weightn < p and
lengthLm =p with Ac, = 1 (i.e., symbol interference).

For example, witlp = 5 andwm = 4, Table | shows
twenty-four Mm x Lm, wm, Aa,, Ac,m) = (4 x5, 4,0, 1)
prime sequences, where"“denotes the drop of the fifth
element in order to have a code weight of four.ngsi
these prime sequences as the modulation codesamve c
support at most twenty-four symbols and each symbol
represent$log?2 24 = 4 data bits.
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Fig. 1. Example of the encoding process of the twevel FH-
CDMA scheme with three simultaneous users. (The sted
columns in the transmitting signals,7%#, represent the

frequency bands specified by the corresponding FH
patterns, Z#, for £={1, 2, 3}.)

As mentioned earlier, we can choose any FH
patterns for the second level of our two-level FENCA
scheme as long ash > Lm. To illustrate this, we choose
the Mh x Lh, wh, Aa,h, Ac,h) = (5 x 7, 5, 0, 1) prime
sequences as the one-hit FH patterns and the xtmesi
(MmxLm, wm, Aa,m, Ac;m) = (4 x 5, 4, 0, 1) prime
sequences in Table | as the modulation codes.3 IFig.
shows the encoding process of three simultaneoars.us
If the data symbols of these three users at one tim
instant are “3”, “12”, and “6”, then we picklL = 53,0 =
0,3,1x,2),52=522=(2,x,1,3,0),and3 =51,1=
(1, 2, 3,x, 0) as the modulation codes, respectively.

Let the one-hit FH patterns of these three users
beH1=(0,2,4x,1,3,x), H2=(0, 4, 1x, 2,x, 3), and
H3 = (3, 1,x, 4, 2, 0,x). The carrier frequency used in
each frequency band in a time slot is determined by
superimposing (element-by-element) abm = 4
elements ofSk on top of the firswm non-“x" elements
of Hk, and the X"-elements of Si produce empty
frequency bands in the final two-level FHCDMA signa
where k = {1, 2, 3}. The shaded columns in the
transmitting signalsTk, of Fig. 1 represent the frequency
bands specified by the corresponding FH patteHis,
for k = {1, 2, 3}. In summary, the two-level FH-CDMA
signal can be represented By = (Tk,0,Tk,1, . . . Tk,i,

.. .,Tk,Lh-1) =Ska(MmHk), whereTk,i represents the
carrier frequency used in thith time slot anda denotes
the superimpose operation. For example, the twellev

Ennpnsn i
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FH-CDMA signal of the first user is found to g =
(0+0-4,3+2-41+4 4,x,x,2+3-4,x)=(0, 11, 17,
x, x, 14, x) after superimposition. Similarly, the other
two simultaneous users ha¥@ = (2,x, 5,x, 11,x, 12)
andT3 = (13, 6, 19,x, 0, x).

Received matrix R Received matrix R

H1=(0.2.4.%x.1.3.x)

< : 2z 0 ==

P e o s - o
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alarm

Had-
1 timisrs A1 R
i ==
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Z
T €z D L 0 s

Dehopped matix . Copan with

Detectedaz | 3 ool — ] modulation code= 3 T -]
Fig. 2. Example of the decoding and detection pross of the

two-level FH-CDMA scheme with user 1.

In a receiver, the received two-level FH-CDMA
signals of all users and effects of MAI, fadingdarise
(i.e., hits, deletions, and false alarms) are lait#d,
dehopped, and finally decoded in order to recohwer t
transmitted data symbols. Fig. 2 illustrates theoding
and detection processes of user 1.The receivealsign
is first hardlimited and then dehopped by user A
patternH1 to give a dehopped sign&l of dimension 4
x 5. The role of the dehopping process simply lsritig
frequency bands in each time slot Bf back to the
baseband, according to the frequency bands spedifie
H1. The elements at1l are compared with the elements
of all modulation codes in use. The modulation code
(e.g.,53,0, with its elements shown as circles in Fig. 2)
with the minimum distance from the shaded slot®bf
is chosen as the recovered symbol.

Although the prime sequences can only support
up to[log2(p2 - p + wm)| bit/symbol, it is important to
point out that our two-level FH-CDMA scheme allows
the use of other codes, such as the RS sequenCe&3s,Q
,and MPCs ,as the modulation codes. For exampée, th
MPCs havepn+1l sequences of weightm = p and
length Lm = p with Ac, = n (i.e., symbol interference),
wheren is a natural number. If the MPCs are used as the
modulation codes, the date rate can be increasslibe
the MPCs can support up {tog2 pn+1| bit/symbol at
the expense of worsened symbol interference.

Dehopped mamx R,
3

B.Partitioned Two-level FH-CDMA Scheme

In general, the number of possible users in a
FH-CDMA system is limited by the number of avaikabl
FH patterns. However, our two-level FH-CDMA scheme
can flexibly increase the number of possible uders
trading for lower data rate through a reductiosyrhbol
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size. It is done by partitioning the modulation esdnto
several groups and each group contains reduced erumb
of modulation codes with a lowét,. Each user can now
only use one group of modulation codes for symbol
representation. In addition to the unique FH patter
assigned to a user, the group of modulation cdusthe
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Over AWGN, and Rayleigh and Rician fading
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W

user can use adds another degree of user address channels, false alarms and deletions may introduce

signature.

The same FH pattern can now be reused by
multiple users as long as they have different gsoop
modulation codes. Let say there gk FH patterns and
¢m modulation codes witlic,. If the modulation codes
are partitioned inta groups of codes with'c,. (Usually,
the partition results ii’c, = Ac, —1.) We can then assign
each user with one FH pattern and one of theg®ups
of modulation codes, thus supporting a total tgfh
possible users. The tradeoff is that each group mesvat
most¢m/t modulation codes and thus the number of bits
per symbol is lowered frofflog2 ¢m| to |log2(pm/it)|.

For example, the twenty-foukc, = 1 prime
sequences in Table | can be partitioned into fikeups
of prime sequences of'c, = 0 and assigned to five
different users with the same FH pattern. Althoulgé
number of bits represented by each symbol decreases
from [log2 24 to |log2 5, the number of possible users
is now increased fronph to 5ph. We can also choose
the MPCs of lengtlp and Ac, = n as the modulation
codes. As shown in [12], the MPCs can be partitione
into pn—n' groups and each group hés, =n’ and¢m =
pn'+1l, wheren > n/. The number of possible users is
increased togphpn—n' , but the number of bits per
symbol is reduced tjog2 pn'+1].

Performance Analyses

In FH-CDMA systems, MAI depends on the
crosscorrelation values of FH patterns. For our-lsve!
FHCDMA scheme, the cross-correlation values of the
modulation codes impose additional (symbol)
interference and need to be considered. Assumetigat
hit FH patterns of dimensiow/ x £/ are used and the
transmission band is divided intd724//; frequencies, in
which 477 frequencies are used to carry the modulation
codes of weighw»z. The probability that a frequency of
an interferer hits with one of thezz frequencies of the
desired user is given by

a
&
u T

= —— 'rl
1= MM L, ()

Assume that there aret” simultaneous users, the
probability that the dehopped signal containsntries in
an undesired row is given by
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detection errors to the received FH-CDMA signals. A
false-alarm probability,, is the probability that a tone is
detected in a receiver when none has actually been
transmitted. A deletion probability;Z, is the probability
that a receiver missed a transmission tone. Fasethe
three types of channels, the false-alarm probgbit
generally given by

pr=0xp(-5/2). (3)

For an AWGN channel,
probability is given by
where 40 denotes the actual threshold divided by the
rootmean- squared receiver noige is the number of
bits per symbol, £Z4//Vo is the average bit-to-noise
density radio, e, 4 = o b x exp[-@a2
+x2)/2]I0(ax)dx is Marcum’s ¢~ function, and/(") is
the modified Bessel function of the first kind aneroth
order. To minimize the error probability, the opainz0
of an AWGN channel should be a function of the algn
to-noise ratio (SNR), £4/No) - (£6lwm) and can be
more accurately written as

theletlen

[ {E:’a-‘“‘"rn ] . {ﬁ‘h;" w,, )

By = v 2+ -

()

rather than an inaccurate constant value (®.,= 3,
used ). For a Rayleigh fading channel, the deletion
probability is given by

E T E [F___h.'\ll._} : ': ;1'.';'.“" “lrn]

Similarly, the optimajs0 of a Rayleigh fading channel
can be more accurately written as

| —exp

Pi =

{ @
| &

v 2+ m
X \,,"flug [1+ (Es/No) - (ks frm)].

(7)
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Finally, for a Rician fading channel, the deletion
probability is given by

: 'II EF’ [Fb-‘r-’\"—a) ! [;fh [t
pi=|1-0 | —— ——
b ]. + JIJ -I_ (Ehlu'lf.'l‘.{mj 5 tkblu'll ll.rlm:l

where the Rician factop is given as the ratio of the
power in specular components to the power in mailip
components . Similarly,s/0 and g1 can be more
accurately written as

(8)

'II {Ff'.'f-'ﬂ"rfl] ' ”‘n’? U, )

By = V 2+ 3 (9)

i -'-j i

‘J]'] —i — L 5 (10)
‘Vl ¥ t.Eb,"'I-N{)} ' Ul'f.' | Wiy ]-"l.l + ﬂ‘:'

Including the noise or fading effect, the probabitihat
the dehopped signal contaimsentries in an undesired

row is given by
{P[u —ﬂ(” N j)
=0 r=i i

: i (W —m+jg
Pa I Pt

n  min[n—j,wm—n|

P.(n) =

T+ Y Ui —T2—T |
xpp (L—pg)*=7"7|

Wy —1 MN[T+J, Wem —11|

Y L o

+ P
; m+JJ( . )

=1 =] L

i W — T — ]
% py(l —pg)" ( : J)
.. I—3

v.p}"'(_l—;.'Jr]"""""""" . (11)

In FH-CDMA systems, an error occurs when
interference causes undesired rows in the dehopped
signal to have equal or more entries than the eesir
rows. In addition, an error may still occur in cwo-
level FH-CDMA scheme even when the undesired rows
have less entries than the desired rows. It isusecéhe
nonzero cross-correlation values of the modulatioces
add extra undesired entries. To account for teis4ks
denote the conditional probability of the numberhas
(seen at any one of the incorrect rows) being emsed
from ztoz+Z wheres €[1, Ac]. To account for the effect
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of Ac,/= 0, we derive a new probability of having a peak

of zas
P:(-Vj = 1:“-"‘}')6{,: = Ar:.m] + -';12

i
XPH[:_IIL}‘E.RI_ 1]]_—.'1TP,,I,'“— 1)

""r:,m
T (1 = Z _.;1;'-"’) P.(z)
=1

wheref:l‘g'H = Owhenz+ ¢> wm. The computation of

(12)

Al-zis exampled in Appendix. If there are£2 -1

incorrect rows, the probability that is the maximum
number of entries and that exacttyunwanted rows
containz entries is given by

2% _1—¢

. (13)

Al n—1

g1 — ,
P,-['u.f_]:( ; )[PHIIH}I] ZPH[H?]

=i

Over a noisy or fading channel, the probabilityhafing
an entry in a desired row is—-bd. Therefore, the
probability that there exist entries in a desired row is
given by

r‘rJl Ti W — T
Pin) = (!H ){l—ml (pg) . (14)

The desired symbol is detected wherever the maximum
number of entries in the incorrect rows is less tham

As the receiver decides which symbol (out ofs2
symbols) is recovered by searching for the moduati
code with thelargest matching entries, the bit rerro
probability (BEP) is finally given by

2k

Performance and SE Comparisons

In this section, we compare the performances of
the new two-level FH-CDMA and Goodman’s
MFSK/FH-CDMA schemes under the condition of same
transmission parameterdg = MmMh, Lg = Lh, and
wg = wm, whereMg, Lg, andwg are the number of
frequencies, number of time slots, and weight of FH
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patterns utilized by Goodman's MFSK/FHCDMA
scheme, respectively. As illustrated , the pringusaces
may give at most two hits in Goodman’s
MFSK/FHCDMA scheme under a symbol-asynchronous
assumption. The main difference is that Goodman’'s
MFSK/FH-CDMA scheme supports¥g modulation
symbols (represented by the orthogonal frequencies)
while the two-level FH-CDMA scheme suppop® — p

+ wm symbols with the symbolinterference leviel = 1

if the prime sequences in Section

Il are used as the modulation codes. This symbol
interference is accounted for by the probabilitynte
P!(z)

In Fig. 3, the BEPs of both schemes are plotted
against the number of simultaneous usg&rsover a
Rayleigh fading channel, based on the conditiorashe
transmission parameters, whegrxLg = 44x47,wg =
wm = 4, MmxLm = 4x11,Mh xLh = 11x47, andb/No
=25 dB. Using = 11, our two-level FH-CDMA scheme
supports kb = 6 bits/symbol, while Goodman’s
MFSK/FH-CDMA scheme supporigh = 5 bits/symbol.
Based on (7) andkb = {5, 6}, we more accurately
calculatef0 = {3.4633, 3.5148}, respectively, instead of
the constanB0 = 3. In general, the performance of our
scheme is worse than that of Goodman’sscheme becaus
of the additional symbol interference created bg th
prime sequences.

Also shown in the figure is the computer-
simulation result for validating our theoreticaladysis.
The computer simulation of our two-level FH-CDMA
scheme is performed as follows. The FH patterrgassi
to each user is arbitrarily selected from all 4¢3gible
(11 x 47, 11, 0, 1) prime sequences constructed from
GF(47) and then all 112 possible X411, 4, 0, 1) prime
sequences constructed from GF(11) are used as the
modulation codes for each user. For each simulation
point in the figure, the total number of data ltgolved
in the simulation ranges from 104 to 106, depending
the targeted error probability.

In our partitioned two-level FH-CDMA scheme,
the modulation codes (e.g., the prime sequences) ar
partitioned intop groups and the cross-correlation values
of each group are zero (i.e. zero symbol interfeegn
We then havedzc = 0 andP’ s(z) = Ps(z). In
Goodman’'s MFSK/FH-CDMA scheme, we can also
partition Mg frequency bands intp subbands to achieve
the same number of possible users as our partitione
two-level FH-CDMA scheme.

However, the number of data bits per symbol in
Goodman’s scheme is decreasedcbo= |log2(Mg/p)].

In Fig. 4, the BEPs of both schemes over a Rayleigh
fading channel are plotted against the number of

http: // www.ijesrt.com
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simultaneous userk, based on the conditions of same
number of possible users and same transmission
parameters, wher®g x Lg = 44 x 47,wg = wm = 4,

Mm x Lm = 4x 11,Mh x Lh = 11 x 47, and&b/No = 25

dB. Our partitioned scheme suppaiis= 3 bits/symbol,
while Goodman’s scheme suppakis= 2 bits/symbol.

Based on (7) andkb = {2, 3}, we more
accurately calculatg0 = {3.1943, 3.3154}, respectively,
instead of the constaf®0 = 3 .The performance of our
partitioned scheme is very comparable to that of
Goodman’s scheme.

In Fig. 5, the BEPs of our two-level FH-CDMA
scheme under AWGN, and Rayleigh and Rician fading
channels are plotted against the number of simedtas
usersk, wherewm = 4, Mm x Lm = 4x 11, Mh X Lh =
11 x 47,p = 13,kb = 6, andEb/No = 25 dB. Based on
(5), (7), (9), and (10), we more accurately cal=ufz0
and g1, which are given in Fig. 5. As expected, the
AWGN curve always performs the best and the Ralleig
curve performs the worse, while the Rician curveénis
between. Also shown in the figure is the computer-
simulation result for validating our theoreticabéysis.

10"

=
(3

Bit Ermor Pr{mbulﬂf

=
U

10 I i i i i
40 a0 B0 100 120 140
Mumber of Simultaneous Users K

Fig. 4. BEPs of the partitioned two-level FH-CDMA ad
Goodman’s FHCDMA schemes versus the number of
simultaneous users over a Rayleigh fading channel, where
Mg XLg = 44x47wg =wm = 4,Mm XLm = 4 x 11 Mh x Lh
=11 x47kb = {2, 3}, B0 = {3.1943, 3.3154}, and
EbINo = 25 dB.
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107

—
o
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Bit Ermor P roba bility
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Nurmber of Simultaneous Users K

Fig. 5. BEPs of the two-level FH-CDMA scheme versubke

number of simultaneous userk over AWGN, and Rayleigh

and Rician fading channels, wheraym = 4, Mm x Lm = 4 x
11,Mh x Lh = 11 x 47p = 13,kb = 6, andEb/No = 25 dB.

Table ii se comparison of both schemes witRe = {10-2,
10-3}, based on the parametersn fig. 4.

Bit error probability P10 P=107
Goodman’s FH-CDMA =144 E=56
(ks =2 SE=13.03% SE=5.42%
Two-level FH-CDMA =126 k=53
(ks =3) SE=18.20% SE=7.60%

To compare our partitioned two-level FH-CDMA and
Goodman’s MFSK/FH-CDMA schemes,

ky K
SE = lif_L (16)

is another figure of merits, which considers the
number of bits per symbots, number of simultaneous
usersA;, number of carrier frequencigg, and number of
time slotsZ as a whole, for a given performance (i.e.,
BEP) . Our goal is to get the SE as large as ples&ip
better system efficiency or utilization. Table tropares
the SEs of both schemes with fixeeé = {10-2, 10-3},
based on the parameters from Fig. 4. In our pamtiil
two-level FH-CDMA scheme, we can always increase
the number of possible users by partitioning the
modulation codes, thus resulting in a larddr than
Goodman’s FH-CDMA scheme for the same bandwidth
expansion (i.eML).

While the number of simultaneous uséref
our partitioned two-level FH-CDMA scheme is only
slightly less than that of Goodman’s FH-CDMA scheme
in Fig. 4, the largekb results in a net gain in the SE, as

http: // www.ijesrt.com

ISSN: 2277-9655
Impact Factor: 1.852

showing Table Il. Combining with higher data rate,
greater SE, and flexible selection of modulatioe
and FH patterns, our two-level FH-CDMA scheme is a
better choice in meeting various system operating
criteria.

Conclusion

In this project, we proposed a new two-level
FH-CDMA scheme. The prime/FH-CDMA and RS/FH-
CDMA schemes were special cases of our scheme. The
performance analyses showed that the two-level FH-
CDMA scheme provided a trade-off between
performance and data rate. The partitioned twotlEie
CDMA scheme increased the number of possible users
and exhibited higher data rate and greater SE than
Goodman’s MFSK/FH-CDMA scheme. In summary, the
new scheme offered more flexibility in the desidri-bi-
CDMA systems to meet different operating
requirements.
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