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The Sensitivity of Downlink MC-DS-CDMA to
Carrier Freguency Offsets
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Abstract—in this letter, we investigate the sensitivity of adown- symbol a; . ¢, i.€., {a; &, ¢ neln = 0, ..., N, — 1}, are
link MC-DS-CDMA system to carrier frequency offsets. Itis shown  transmittedserially on the kth carrier of an orthogonal multi-

that the resulting interference power depends only on the ratio of carrier system. (This is in contrast with MC-CDMA, where the
the frequency offset to the carrier spacing. Hence, for given fre- : ’

quency offset and system bandwidth, the MC-DS-CDMA perfor- phips corresponding .to the same data symbol are transmitted
mance degradation is independent of the spreading factor but in- In parallel over the different carriers.) The modulation of the
creases with the number of carriers; equivalently, for given fre- spread data symbols on the orthogonal carriers is accomplished
quency offset and symbol rate, the performance degradation in- py means of av-point inverse fast Fourier transform (inverse
creases with the ratio of the number of carriers to the spreading FFT). To avoid that channel dispersion causes interference
factor. . ~each FFT block at the inverse FFT output is extended with a
Index Tetrms—Camer frequency offset, MC-DS-CDMA, multi- ¢y clic prefix of &, samples, that exceeds the duration of the
carrier systems. channel impulse response. The resulting samples are applied at
|. INTRODUCTION aratel/T = (Nr + N,)N,R, /N, to a square-root raised-co-
. : sine transmit filter P(f) with rolloff «. The carrier index
ECENTLY, some new techniques for high data ratg corresponds to a carrier frequenayod(k, Nx)F, where

communications, based on a combination of multiz, ; . )
carrier modulation and CDMA, were proposed [1]. Ong = 1/(NrT) denotes the carrier spacing, angd(z; Nr)

. . S i h oAV i f ieldi It in th
of these techniques is multicarrier direct-sequence CDI\/fi\t e moduloNp reduction ofz, yielding a result in the

S . : interval [-Ng/2; Ng/2]. In the following, we assume that
(MC-DS-CDMA), which is suitable for mobile radio [2]. carriers inside the rolloff area are not modulated, i.e., they have

e e e oo ampituce. e, o . cuiabe caiers. o
9 rriers are actually usgdv, < (1 — a)Np). AssumingNV,

the receiver gives rise to a performance degradation. In [3]-[5], be odd, the set of carrier indices actually used is given by

it has been reported that multicarrier techniques like orthog-_ {0 (N, —1)/2}U {Ni—(N.—1)/2 Np—1}
. . . . o = g ey et F— e g ey F— .
onal frequency-division multiplexing (OFDM) and multicarrier In a multiuser scenario, the basestation transmits the sum

CDMA (MC-CDMA) strongly degrade in the presence of a car-

rier frequency offset when the number of carriers increases %Nu different user signals. To be able to extract the refer-
. quency . . . ‘ence user signal at the mobile receiver, each user is assigned
this contribution, we investigate the effect of a carrier frequen

. e X @ unigue spreading sequence. In this contribution, we consider
offset on downlink MC-DS-CDMA, and determine the resumn%rthogonal sequences, that are obtained by multiplying user-

performance degradation in terms of the system parametersdepenolent Walsh—Hadamard sequences with a complex-valued

random scrambling sequence that is common tavallusers.

The maximum number of users that can be supported equals the

The conceptual block diagram of a downlink multicarriespreading factofV,.

direct-sequence CDMA (MC-DS-CDMA) system is shown in The sum of theV,, user signals reaches the receiver of the ref-

Fig. 1. The symbol sequence to be transmitted atigt® user erence usef¢ = 0) through a dispersive channel with transfer

£ is split into N, symbol sequences, each having r&g/N,. function H.,(f). The output of the channel is affected by a car-

and each modulating a different carrier of the multicarriaier phase errop(¢) = 27 ALt + ¢(0), whereAF denotes a

system. We denote by ;. theith symbol sent on théth car- small carrier frequency offsétAFT| <« 1). Furthermore, the

rier to user, with £ belonging to a sef; of N, carrier indices. received signal is disturbed by additive white Gaussian noise

The data symbat; , . is multiplied with a spreading sequencew(t), with uncorrelated real and imaginary parts, each having a

{¢i,nen =0,..., N, — 1} with spreading factofV,, where power spectral density d¥,/2.

¢i,n, ¢ IS thenth chip of the sequence that spreads the symbolThe resulting signal is applied to the receiver filter, which is

a; ¢ Note that the spreading sequences are independentraitched to the transmit filter, and sampled at a tE. The

the carrier indexk. The N, components of the spread dataeceiver removes from each cyclically extended FFT block the
N, samples corresponding to the cyclic prefix, and keeps the re-
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Fig. 1. Conceptual block diagram of a downlink MC-DS-CDMA system.

spreading sequence, and summed to obtain the decision varidtile equalizer compensates the phase rotation and scaling of the
7k, used to detect the symbal ;. . This decision variable can useful component [assuming that accurate estimates®f,

be decomposed as AFT andH, are available]. Substituting (6) into (2) reveals that
the equalizer eliminates all multiuser interferenfigx( #, ¢ = 0
for £ # 0), but cannot eliminate the intercarrier interference
“VNo+ N NF n Np Z Z i x, eli a0+ Wi, (Zi. k1,0 # 0 for &' # k). Hence the interference powsy, is
(=0 Kel independent of the numbé¥,, of active users.
kel Q)
where
H, N,—1 [ll. PERFORMANCE DEGRADATION
Lik, w0 = N, ZO Gi, b, Ci,n, 060, n, 4,k 1 m @) We define the signal-to-noise ratio (SNR) at the input
PNy 4 of the decision device as the ratio of the power of the
_ L i9(0) 2R AF(EN4ANn)(Np+Np)T )
Ai:k:k’m—em( )‘3]/ ( Y N) useful component to the sum of the interference and
D( =k Apr (3) noise powers, ie SNRx(AFT) = Py /(Pn, + Pr).
Ng In the absence of a carrier frequency offset, we obtain
T _ 2
b B 1 Np—1 P 1—exp(‘7'27rNFa:) SNRk(Q = (E5k720/:ZV0)|Hk| (NF/(NF + Np)), Where
() =+~ e = Nl opznn)’ (4) Eso = Elaixo0l?] is the energy per symbol transmitted
Li— F CXplyemt to the reference user on carridr. The degradation (in

In (2), Hw = H(mod(K; Ny)/NeT)/T, where H(f) — decibels) caused by the frequency offset is then given by

i . Deg,; = 10log(SNR;(0)/SNRi(AFT)).
|P(f)I?Hen(f). The quantityZ; ;. » ¢ represents the contribu-—" =¥ : - : :
tion of the data symbat, .. ; to the sample: , at the input of From the above equations, it is straightforward to derive

the decision device. The samplg; from (1) contains a useful an analytical expression fobeg,, in terms of AT and

, . .
comton i coefient 1 e perof i cont. (1 £ L) N nder o oy ol
bution is denotedPy, . Fork’ # k, the quantitied; - o cor- q y ’

respond to intercarrier interference from other symbols trancshamnel is ideal fy = 1), and that the symbol energy is

mitted to the reference user, while fér# 0, the quantities Independent of the carrier indeXi(y, o = £ for k € L). In
t;ns case the degradation is given by

I; 1. 1 ¢ correspond to multiuser interference. The sum of inter-
carrier and multiuser interference power is denafggd. The Deg, =—10 1og|D(AFT)|2

additive noise termi; ;. has a powef’y, given by 5

/ p—
+10log | 14+SNR(0)[ > D<k k—l—AFT)
| Neml , oyt Np
P/\f—E[|Wk|]_NON Z|g7kn|' 5) ’
" - |D<AFT>|2>> ()
The equalizer coefficients are selected such that the coefficient

I; &, 1,0 Of the useful component equals 1. This yields with SNR(0) _ (E,/No)(Np/(Np + Np)) and
P exp—j¢(0)) exp—j2r AFT(iN, +n)Nr + Np)  |D(z)] = |sin(nNpz)/(Npsin(rz))|. The summation
bk H.D(AFT) " index ¥ in (7) ranges over the sdi of the N, modulated

(6) carriers. A simple upper bound on the degradation is obtained
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Fig. 2. Degradation caused by a carrier frequency offfet € 1, E,.. o = E;).

by extending this summation over al available carriers, that|AF/F| <« 1, in which case the degradation is propor-
e,k =0, ..., Np — 1. This yields tional to (AF/F)?. For BPSK (QPSK) transmission over an
Deg < —10log | D(AFT)|? AWGN channel SNR(0) = 10 dB yieldsBER = 3 x 10~
- —4 — 0 ~ -2
+ 10log(1 + SNR(0)(1 — |D(AFT)|2)) 8) (7 x 107*) when AF/F = 0; for AF/F = 6 x 107=, or

L g AF/Bs; = 1 x 1073 whenN, = 57, the degradation is about
which is independent of the carrier indéxFor |AFT| <« 1 / 8 W ? ) on .

) o 0.5 dB, yieldingBER = 1 x 107° (1.5 x 1073).
we haves1n(w4FT) = mAFT, so that the upper bound (8) The upper bound (8) for MC-DS-CDMA is exactly the same
is only a function of SNR(0) and aNpAFT = AF/F =

th ding bounds for OFDM and MC-CDMA, de-
N.(AF/B,), where B, = R,N,(1+ (Np/Np)) = R,N, as the corresponding bounds for an , de

. LN . s="s _rived in [3], [4] (with 1/7 denoting for the three multicarrier
denotes the system bandwidth. This is according to intuitio ‘tstems the sampling rate at the receiver).

as the bandwidth of each individual carrier signal equals abo
F. The bound (8) is reached when all carriers are modulated
(Ns; = Np; a = 0). Fora > 0, this upper bound yields an ac-
curate approximation for the carriers near the center of the signali*! %0 r';]'ﬁ: Sna”\‘/g R\,'O|Pr3a55ad’ 'B‘éerf;%WDogchgi;amer CDMAEEE
band. For givemF/BS, the degradation of the MC-DS-CDMA [2] V.M. Daéilvaghd E S’. I%%usa, “Performance of orthogonal CDMA se-
system is independent of the spreading faéfor but increases quences for quasisynchronous communication system®;do. IEEE
with the number of carrierd... Equivalently, for givem\ F'/ R, ICUPC'93, Ottawa, Canada, Oct. 1993, pp. 995-999.

.. . [3] T. Pollet, M. Van Bladel, and M. Moeneclaey, “BER sensitivity of
the degradation increases with the ra¥ig/N. OFDM systems to carrier frequency offset and Wiener phase noise,”

Fig. 2 shows the bound (8), along with simulation results (as-  IEEE Trans. Communvol. 43, pp. 191-193, Feb./Mar./Apr. 1993.
suminng =64, N, = 57) for the carriers at the centek (: [4] H. Steendam and M. Moeneclaey, “The effect of synchronization er-
7

rors on MC-CDMA performance,” ifProc. Int. Conf. on Communica-
0) and at the upper(= 28) and lower { = 36, mod (k, 64) = tions ICC'99 Vancouver, Canada, June 6-10, 1999, paper S38.3, pp.

—28) edge of the band. We have verified that the result for  1510-1514.

k = 0 [which essentially coincides with the bound (8)] holds [3] L. Tomba and W. A. Krzymien, “Effect of carrier phase noise and fre-
for 51 of the 57 carriers; this illustrates the importance of the quency offset on the performance of multicarrier CDMA systems,” in
- B ; ot ) Proc. Int. Conf. on Communications ICC’9Ballas, TX, June 1996,

simple bound (8). To obtain small degradations, it is required  paper S49.5, pp. 1513-1517.
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