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Abstract: In this paper, the adapted orthogonal frequeneigidn multiplexing (OFDM) termed
as Fast-OFDM system and overlapping multi-carriedec division multiple access systems
(overlapping multi-carrier direct-sequence CDMA anderlapping multi-tone CDMA) are
compared. The effect of the overlapping betweencsuliers, with binary phase shift keying
(BPSK) and quadrature phase shift keying (QPSK),than performance in an additive white
Gaussian noise (AWGN) channel is investigated. rEisellts show that the system performance of
an overlapping multicarrier-CDMA system is compdealto the Fast-OFDM system in the
prescience of AWGN and inter-carrier interferendeew a conventional matched filter receiver is
used.

1. Introduction

OFDM is currently widely used one of the transnuasiechniques that provides high data rate andiattd
multi-path impairments in wireless communicatioMultiple subcarriers with equal frequency intenak
adopted to form parallel data transmission in OFEMery separate data branch is modulated with ggual
spaced subcarrier. Reducing the spacing betweeragidrs in OFDM system results in improved bandkvid
efficiency. However, the orthogonality between sarbiers needs to be maintained for signal recoarthe
receiver. Fast-OFDM [1], also refered to M-ary aitaole shift keying (MASK) [2] is an OFDM-adaptedssgm
which reduces the frequency separation betweerastitais by a half when compared to standard OFDstesy,
hence achieving twice the bandwidth efficiency. Tihgtation of this scheme is that it mainly apglior single
dimensional modulation schemes such as BPSK andSK;Avhich would limit the data rate as it is not
compatible with complex modulation schemes sucQRSK and QAM.

Over the past few years, the combination of ®F&hd CDMA schemes has generated great interestein
field of wireless communications, providing hight@aate and robustness to multipath effects. Towslination
is referred to multi-carrier CDMA or OFDM/CDMA. The are mainly three categories of multi-carrier CBM
schemes: Multi-Carrier CDMA (MC-CDMA) [3-5], Multtarrier Direct-Sequence CDMA (MC-DS-CDMA)
[6;7] and Multi-tone CDMA (MT-CDMA) [8;9]. A numbenof authors also proposed several variants of these
schemes [10]. Among these multi-carrier CDMA systeMC-DS-CDMA systems have the advantage of higher
frequency diversity and improved overall systemfgrenance as compared to other multi-carrier sche®es
the other hand, MT-CDMA is appealing due to thegesaf longer spreading code sequences and spectrum
overlapping, as this allows improved user accomriodavhen compared to DS schemes and as it provides
higher bandwidth efficiency. The concept of ovepliayg multi-carrier CDMA systems was introduced bgrido
[11], in which the overlapping was modeled by vagythe frequency spacing between subcarriers forDC
CDMA and MT-CDMA systems.

The objective of this paper is to compare tlefggmance of a Fast-OFDM system with a similarly
overlapping MC-DS-CDMA and overlapping MT-CDMA sggt, under the same conditions.



2. Fast-OFDM

FOFDM is based on the OFDM principle with Jj2nAfL0 52 A0
the advantage of having twice the bandwidth e
efficiency of OFDM, where the frequency
separation of the sub-carriers I83T) Hz, andT is
the duration of the signalling interval. In other
words an FOFDM system will achieve the same
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half of the bandwidth. The complex envelope of a Figure 1. Oscillator Based Fast OFDM System.

FOFDM signal is shown as follows:
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StX,FOFDM (t) = Z Z a9, (t - kT) (1)
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where T is duration of the symbol, is the complex symbol transmitted on theh subcarrier at thdth
signalling intervalN is the number of OFDM subcarriegs(t-kT) is the complex subcarrier and is expressed as:
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The block diagram of a conventional oscillator-lthB®FDM system is shown in Figure 1.

2. Multi-carrier CDMA systems

In MC-DS-CDMA, theNq. serial-to-parllel converted substreams are mudtipwith a spreading code of
codelengthGyp, and then modulated with subcarriers spaceffby1/T, = Gyp/Nsc T, WhereTy, is the initial bit
period andT, is the spreading code chip duration. To achietieogionality between subcarriers, the minimum
spacingAf between adjacent subcarriers should be inversieeohip duration, i.eAf = 1/T.. Whereas, in MT-
CDMA, the spreading is effected after combining #ié substreams modulated with a set of orthogonal
subcarriers separated at the symbol rate. Theredtnang spectral overlap among the different subma after
spreading exists in the MT-CDMA scheme. The maifedénces between these two systems are the positio
where data spreading is applied and the frequepagirsg introduced between adjacent subcarrier1CADS-
CDMA systems, adjacent subcarriers are separated/ Ry where T, is the chip duration after spreading,
whereas, in the MT-CDMA systems, subcarriers aeeag atl/T; whereT; is the symbol duration

3. Overlapping multi-carrier CDMA systems

As MT-CDMA differs from MC-DS-CDMA only in its sularrier spacing4f), various multi-carrier CDMA
systems may be considered when the subcarrierrgpecivaried froml/Ts to 1/T; [10]. An overlapping multi-
carrier CDMA system can be constructed based oMfCDMA scheme, named as overlapping MT-CDMA,
in which the frequency spacing between subcarier&Ts (A = 1, 2,..., Gg), wherel is an overlapping
coefficient. Whenl = 1, we have an MT-CDMA system, while wheén= Gps, we have an MC-DS-CDMA
system. On the other hand, the overlapping mutiiaCDMA system can also be generated based MiCa
DS-CDMA scheme with the frequency spacing BfT., whereT, is the code duration. It varies from 0 to 2
which correspond to overlapping percentage of 100@%0.4’ = 1 corresponds to 50% overlapping which is the
case similar to OFDM1’ = 0.5 corresponding to 25% overlapping is theecsignilar to FOFDM. It should be
noted that thé’ is related tol as ratio ofT/T, i.e.A =4 TJT. =1 Gps

Varying the overlapping coefficient, results in different types of multi-carrer CDMgpstems and different
effects of multi-user and multi-carrier interferend-or example, ifl is low, there is a strong overlapping



between subcarriers. If the total bandwidth is gjviaen low value of leads to a high spreading gain, hence,
reduction of multi-user interference. Conversefy/iis high — for examplel = 2Gps — for a given total
bandwidth, there is no overlap between subcarrignsrefore, inter-carrier interference is redudad, with an
increase in multi-user interference due to the cedyprocessing gain on each subcarrier signal H8hce, a
trade-off exists between the overlapping bandwalitl the processing gain and there exists an ogtinialue

of 1 that provides good performance in the system mmgeof minimised multi-user and multi-carrier
interference, improved bandwidth efficiency and BjgRformance.

4. Results and discussion

The systems described above are simulated usingriegd Design System (ADS) under the same conditions
with the initial bit rate 1 Mbps. To illustrate thefects, systems with 4 subcarriers are considdfegure 2
shows the BER performance of the Fast-OFDM systedncaerlapping MC-DS-CDMA with code length set to
4, 8 and 16 at Eb/No of 4dB. The overlapping cegffits are varied from 0 to 2. The results show ttihe BER
performance of MC-DS-CDMA schemes is comparablethi® Fast-FODM system. Different code lengths
produce similar results. The BER results wheis set to 1, 2 and 0.5, are close to ideal BP&EKBesult as the
orthogonality is preserved between subcarriers. ¢él@y wher\’ takes other values, the orthogonality is lost,
resulting in ICI. For the close spacing whgrns less than 0.5, high ICI results in severe dédgtion in BER
performance. In the case whgrs 0, subcarriers are fully overlapped.

Figure 3 shows a comparison of the overlapping NDIMA system with code length = 8 and the variable
frequency spacing OFDM systems with QPSK modulaticineme. The result is similar to BPSK case except
that at the point 0.5, orthogonality between sutiegr is lost, ICI is remained for both systems.

Figure 4 and Figure 5 illustrate the BER perfornean€ the FOFDM system and the overlapping MC-DS-
CDMA systems whert’ is 0.25 (87.5% overlapping — the case similar tof'fequency spacing of FOFDM),
0.5 (75% overlapping — the case similar to FOFDM)50% overlapping — the case similar to OFDM) &nd
(0% overlapping — the case similar to FDM) in BP&K QPSK system, respectively. In the BPSK systhen,
orthogonality is lost whei' = 0.25, leading to degraded BER performance agpeaosd to the theoretical BPSK
BER result. Fo’ = 0.5 andl’ = 1, the orthogonality remains for signal recovéilye BER results are close to
ideal. As expected for the QPSK system, the ovpilap MC-DS-CDMA systemA = 0.5) exhibits similar
properties when compared to the FOFDM system stgp®ER degradation due to the loss of orthogonality.

For overlapping MT-CDMA system, similar comparisenperformed when overlapping coefficient, is
varied for O to 16 (for different codelength comsigtions, 4, 8, 16). Similar to overlapping MC-DSIGA
system, different code lengths do not affect th&RBierformance. Furthermore, the BER performanazoise
to the theoretical BPSK and QPSK systems whequals t00.5 i (i = 1,2,...)and i (i = 1,2,...) respectively.
This further explains the fact that the orthogdyalimong subcarriers continues in overlapping MTMZD
system as the frequency spacing is varied fiéfmto 1/T. for integer values of. For the range from O to 2, the
results are viewed similar to overlapping MC-DS-CBMhen compared to FOFDM.

5. Conclusions

The performance of Fast-OFDM and overlap@-DS-CDMA and MT-CDMA systems, under the same
conditions, are investigated by simulation. Ithewn that the BER of overlapping MC-DS-CDMA systewith
BPSK modulation and different code lengths is comapke to that of Fast-OFDM when the overlapping
coefficient is set to 0.5, 1 and 2. As expected,BER performance is severely degraded when thegonhality
between the subcarriers is lost for either systenthe case of BPSK, the MT-CDMA, MC-DS-CDMA and
FOFDM exhibited similar properties under simple AW@hannel conditions. Future work will consideultin
path interferences and diversity receiver techrgdae further comparison of these systems.
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Figure 2: BPSK overlapping MC-DS-CDMA BER  Figure 3: QPSK overlapping MC-DS-CDMA BER
compare with variable OFDM with Eb/No=4dB. compare with variable OFDM with Eb/No=4dB.
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Figure 4: BPSK BER performance with varied Figure 5: QPSK BER performance with varied
overlapping coefficients. overlapping coefficients.
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