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Abstract—In this contribution we propose and study a novel In this contribution we propose and investigate an iteeativ

iterative time-frequency-domain (TF-domain) multiuser detec- TF-domain MUD scheme for the TF/MC DS-CDMA, when
tor (MUD) for the multicarrier direct-sequence code-division communicating over multipath Rayleigh fading channelse Th

multiple-access system employing both T-domain and F-domain . . . .
spreading, which, for brevity, is referred to as the TF/MC DS- proposed iterative TF-domain MUD consists of a group of T-

CDMA system. The proposed iterative TF-domain MUD consists domain SISO-MUDs and a group of F-domain SISO-MUDs.
of a set of T-domain soft-input soft-output MUDs (SISO-MUDs) Both the T-domain and F-domain SISO-MUDs are operated
and a set of F-domain SISO-MUDs, which exchange information ynder the MAP principles. The T-domain SISO-MUDs and F-
through two multiuser interference (MUI) cancellation units. Both 45 main SISO-MUDSs are connected through two group-level in-

the T-domain and F-domain SISO-MUDs are operated under the - .
maximum a-posteriori (MAP) principles. In this contribution the terference cancellation (GIC) units, where MUI cancetia{6,

complexity and bit error rate (BER) performance of the TF/MC 7] is attempted. In this contribution the BER performance of
DS-CDMA employing the proposed iterative TF-domain MUD the TF/MC DS-CDMA systems using the proposed iterative
arr?] investigatligiﬁnotlhagséo tci:rc:lrlr}rp:]a'\r/rlag gvggdtftlﬁqu;ﬁtflsegisgirg?e'\r/lnliJnD TF-domain MUD is investigated, when communicating over
schemes, inc - . : )
imum mean-squar% errorp(MMSE) MUDs. Ourjstudy sphows that multipath Raylelgh fading Channe_ls. The BER perf_ormance
the iterative TF-domain MUD is capable of achieving nearly the and complexity (_)f the proposed_ I’_[eratlve TF-domain MU_D
same BER performance as the optimum MUD, but at much lower are compared with the other existing MUD schemes, which
complexity. include the optimum MUD [8], the joint and separate MMSE-
MUDs [3, 4]. Our study and simulation results show that the it
. INTRODUCTION erative TF-domain MUD is capable of achieving a similar BER
Recently, multicarrier CDMA using both Time (T)-domainperformance as the optimum MUD. However, the detection
and Frequency (F)-domain spreading, namely the TF/MC D8smplexity of the iterative TF-domain MUD is significantly
CDMA, has attracted wide attention in the field of broadbaridwer than that of the optimum MUD.
wireless communications [1-5]. More explicitly, in the M&
DS-CDMA the transmitted data stream is spread using two
signature sequences, one implements the T-domain spgeadin
and the other once implements the F-domain spreading [1, 3].
The benefits of employing both T-domain spreading and F-
domain spreading in the TF/MC DS-CDMA systems are multi-
fold. Firstly, the TF/MC DS-CDMA uses relatively lower chip
rate and shorter spreading sequences than the conventional
single-carrier DS-CDMA [2]. Hence, relatively low-rateysal bt —(——
processing techniques may be used for implementation of the C£k1<t)
TF/MC DS-CDMA. Secondly, owing to employing both the
T-domain and F-domain spreading, the maximum number of
users supportable by the TF/MC DS-CDMA does not have DN, - 1) vos(Qtrﬁy‘,,lt)
to make a trade-off with the frequency-diversity achieved b
using F-domain repetlthn [4] Furthermore’ in the TF/MC'DS_Fig. 1. Transmitter model of MC DS-CDMA using both time- and fregce-
CDMA users can be distinguished either by their T-domaibmain spreading.
signatures or by their F-domain signatures, or by theirtjok
domain signatures. Therefore, signal detection in the T&/M ) ]
DS-CDMA has a high-flexibility, which may provide the desigrf® Transmitted Signal
of wireless communications systems a good trade-off betwee The transmitter schematic block diagram for #ta uplink
complexity and achievable BER performance [2, 3, 5]. user supported by the TF/MC DS-CDMA is shown in Fig. 1.

II. TIME-FREQUENCY¥DOMAIN SPREAD MULTICARRIER
DS-CDMA




For the sake of convenience, the main parameters used in BisChannel Model

contribution are summarized as follows: ~ We assume a frequency-selective Rayleigh fading channel,
e N;: Number of orthogonal subcarriers or F-domaifhich, corresponding to theth user, has the T-domain channel
spreading factor; impulse response (CIR) of
o 1}, T¢: Bit duration and chip duration; I—1
o N;: T-domain spreading facto, = T, /T; ho(t) — R® s 3
o N: Number of T-domain spreading sequences assigned to (1) ; 0Ot =) ®

%egsj\?tr.s supported by the TF/MC DS-CDMA systers, where L represents the number of T-domain resolvable multi-

« M: Number of F-domain spreading sequences assigneoof?)thsﬁgk) is the channel gain of thith resolvable multipath,
the users supported by the TF/MC DS-CDMA systérs; which obey the complex Gaussian distribution with mean zero
M < Ny; and a variance.5/ L per dimension.

« K: Number of users supported by the TF/MC DS-CDMA In MC DS-CDMA it is reasonable to assume that each
sy;stem. It is assumed th& — A N. However. if the Subcarrier experiences frequency non-selective fadiractw

number of active users dose not meet this assumptiGin Pe achieved by correspondingly configuring the number of
some virtual users, which do not transmit data, are addggPcarriers and the bandwidth occupied by each subcagjier [
to makek — MN. pecifically, the condition for each subcarrier to experéen
S . oo frequency non-selective fading can be guaranteed, provide
.For S|mpI|C|ty,. In th|§ contribution we assume that. th‘%he number of T-domain resolvable multipaths satisfies<
binary phase-shift keying (BPSK) baseband modulation g /2. Furthermore, we assume that in our TF/MC DS-CDMA
employed. As shown in Fig. 1, the binary data stream//> " - " : . .
be(t) is first DS spread using the T-domain signature Sn]ultlcarner modulayon/demodulat.lon are _|mp_lemented1g|s

k (k) ) ) ) _ﬁﬁe IFFT/FFT techniques and cyclic-prefixing is employed fo
quencec; ' (t). Following the T-domain spreading, F-domainemqying the inter-block interference. Based on the above
spreading using the F-domain spreading sequmﬁ@e = assumptions, it can be shown that the F-domain CIRs asedciat

T . . .
C%)’ CE‘kI)’ o 7C;Iv&vf_1)} /\/]7, and multicarrier modula- with the N; subcarriers can be expressed in vector form as [3]

tion are carried out, yielding theth user’s transmitted signal, - [ (k) (k) (k) }T . -
which can be expressed as hie={ho” I by | = VN Fhy “)
N1 where F denotes a normalized FFT matrix satisfying

2P k) /oy () . FH = FHF = Iy, while h; is a Ns-length vec-
t) = = by (t el it + D 1 pr T JUEE
sk(t) =R Ny ; e(ter ey explilwit + éni)l o ( or formed from the T-domain CIRs shown in (3, =

o [ﬁ(k) ACIR AR O}T

where P represents the transmission powey, = 27 f; and O L L=
fi is the frequency of theéth subcarrier, whileg,; is the C. Received Sgnal
associated initial phase. In (B.(t) = 3272,bx;Pr,(t = e assume that the TF/MC DS-CDMA system supp@fts
jTy) denote the binary data waveform consisting of a Sgumber of synchronous users. The power received from each of
quence of mutually independent rkectangular pulses of duffs  users'is assumed to be identical, implying perfect power
tion 7; and amplitude+1 or 1, ¢{*'(¢) is the DS spread- control. Then, after removing the cyclic prefixing and FFT-
spectrum waveform formed from the T-domain sequente=  based multicarrier demodulation, thé& N;-length observation

(k) (k) (k) T/\/JVt. vectorr obtained from theV, number of subcarrier channels

Co Gy  CyN,—1)
In this contribution random T-domain and F-domain sprea&fJm be expressed as
K
3 [(cgc’“) © hk) ® cﬁ’“)} by +n

ing sequences are assumed, implying that bq(fﬁ and

c(.'? take values in{+1,—1} with equally probability. Let "= —

e e? ™M and {c}l),c;2)7~-~ ,CECM)} be the N M N
number of T-domain spreading sequences ahchumber of => > {(CSZ”) © hmn) ®CE")] bn + 1
F-domain spreading sequences, respectively, for supgorti m=1n=1
the K = MN number of active users. Then, the T-domain N
spreading sequenag™ is assigned to théth user, ifn = = Z ZHmnbmn +n ()
k — |k/N]|N, and the F-domain spreading sequengf.’%) is m=ln=1

assigned to théth user, ifm = |k/N| + 1, where| x| repre- where® and ® denote theHe_ldamard product a_nc_i _Kronecker
sents the largest integer less thatConsequently, Equation (1) Product operations, respectively and, by definitiol,,, =
can be expressed in termsiefandn as cfm) ® hmn) ® ¢\™ . Furthermore, in (5 is aN;N;-length
Ny-1 aussian noise vector, which obeys the Gaussian distributi
[2P < (n) 14y .(m) . with mean zero and a covariance matexXI, whereo? =
mn(t) =R — by (t t)cy. it i . . ’ . .
S () Ny ; e(ter " (eg;” explilwit + éri)l No/E, with E, and Ny denoting the energy per bit and single-

side power spectral density (PSD) of the Gaussian noise pro-
k=mn;m=1,...,M;n=1,...,N (@)  cess.



It can be readily shown that (5) can be expressed in a compact o)
form as

)}

Bl |
r=Hb+n (6) —
A From H
after defining Demoduiator | ¥ | eence | itrence
T 7| Matche Canceler 1 F-domain MUD Canceler 2
b=[bi,bias-- - bini o b, bz bun]” (7) el I e I
H=[H ,Hy, - Hin;- ;Hy1, Hyo, - Hyn| |
8)
whereH is a(N;N; x M N) matrix.

Let assume that the base-station (BS) receiver employs the

knowledge abouH . Then, the sufficient statistics for detection
of b can be formed as Fig. 2. Receiver model for the TF/MC DS-CDMA using iterativE-Biomain
multiuser detection.

y=H"r =Rb+n’ 9)

where by (11). The iterative TF-domain MUD consists of two main
_ o T components, the T-domain MUD containi number of
Y=y sy sy yun] (0 Ty i SIS0-MUDSs and the F-domaindlgUD containing
isaK (= M N)-length vectorR = H H isthe(K x K) cor- N number of F-domain SISO-MUDs. The T-domain MUD
relation matrix anch’ = H"n, which is Gaussian distributedand F-domain MUD are separated by two group interference
with mean zero and a covariance matriR. cancellers (GICs), which are the GIC1 and GIC2, respegtivel
According to the spreading sequence assignment schemseseen in Fig. 2.
stated in Section II-A, thek’ = MN active users share The inputs to thelM/ number of T-domain SISO-MUDs of
N number of T-domain spreading sequences ahdchumber Fig. 2 are{y;,,,m = 1,--- , M} seen in (11). Each of the T-
of F-domain spreading sequences. Hence, Rh@umber of domain SISO-MUDs tries to suppress the MUI existing among
users can either be divided infd groups, where each groupthe users in same group, while treating the MUI from the other
contains N number of users sharing one common F-domagroups as noise. Specifically, based sy, and possiblea-
spreading sequence but assigned different T-domain dpgeadriori knowledge, thenth T-domain SISO-MUD calculates the
sequences, or be divided int¥ groups, where each groupa posteriori log-likelihood ratios (LLRs) for the bit$b,;,,,, n =
containsM number of users sharing one common T-domaih 2,..., N} transmitted by theN users of themth group,
spread sequence but assigned different F-domain spreadiagording to the formula
sequence. Hence, for convenience of carrying out iterdtive Ployn = +1]yom]
domain detection, we can use the entrieg taf form a( N x M) A¢[bmn] = log =" il
matrixY’, which is given by Plomn = ~1lyem]

,nm=12...,N;
m=12...,.M (12)

zi zz; . ZAMI; Similarly, the inputs to théV number of F-domain SISO-MUDs
Y = | . ] ] of Fig. 2 are{ys,,n =1,--- , N}. Based ory,, and possible
: : : : a-priori knowledge, thenth F-domain SISO-MUD calculates
YIN YN - YMN the a posteriori LLRs for the bits{b,,,,,m = 1,2,..., M}
= [ye1, Y2, Yeua] transmitted by the\/ users of theath group, according to the

7 (11) formula
where different columns correspond to different F-domain® s [bmn] = log Ployn = 1y ™ L2,...,M;
spreading sequences, while different rows correspondfto di mn =~ HYsn B
) . o n=12,...,N (13)

ferent T-domain spreading sequences. Specificglly, =
[Ym1, Yma, - ,ymN]T, m = 1,2,..., M, corresponds to a As shown in Fig. 2, the T-domain MUD and F-domain MUD
group of N users sharing thenth F-domain spreading se-exchange information through two GICs of GIC1 and GIC2,
quence, whilgy ¢, = [Y1n, Y2n, - - - ,yMn]T7 n=1,2,...,N, where theK users are regrouped and group-level interference
corresponds to a group aff users sharing theth T-domain cancellation is carried out.
spreading sequence. Let us now derive the iterative TF-iloma In more detail, the proposed iterative TF-domain MUD is
multiuser detection in the next section. operated as follows:
1) Atthe start of the iterative MUD, the sufficient statistic
I1. ITERATIYE TF-DOMAIN MULTIUSER DETECTION of Y are input to both the GIC1 and GIC2, whe¥eis
A. lterative Multiuser Receiver Structure divided into M sets of{y;,,,m = 1,--- , M} by GIC1

The receiver structure for iterative TF-domain MUD of and divided intoN sets of{y;,,n = 1,---,N} by
TF/MC DS-CDMA signals is shown in Fig. 2. As shown in GIC2. Then{ytm,m = 1,---, M} are sent to thel
Fig. 2, the input to the iterative TF-domain MUD ¥5 given number of T-domain SISO-MUDs as seen in Fig. 2.

= [yflayf27"' any




2) In the first iteration, based ofy,,,m = 1,--- M}, where

the M number of T-domain SISO-MUDs as seen in -
Fig. 2 compute the LLRYA[bin]} using (12) for the  bm = [bm1,bm2, -+, bmn]
K = MN data bits inb by assuming that there is no R,,, = [H;1,H;o,--- ,Hin|"[Hpm1,Hpno, -, H,un] (16)
a-priori information. The LLRs are then sent to GIC2,
where they are divided intdV sets corresponding toand n; is a zero-mean Gaussian random vector distributed
{yfn,n=1,---,N}. At GIC2, group-level interference With a covariance matrix>R;;. As mentioned previously in
cancellation is carrled out, which updatég;,,n = Section lll-A, the statistics input to the T-domain SISO-M$J

, N'} using the soft estimates\; [b,,,,,]}, as will be represent the modified version gf; upon invoking the group-
detailed in our forthcoming discourse. After the grouplevel interference cancellation. The modified versionygffor

level interference cancellation, the updated version of=1,2,..., M is formed as
{Yfn,n=1,---, N}andthea-priori { P,[b,,,] } are sent
to the N number of F-domain SISO-MUDs as shown in Y — Z R,,.b
Fig. 2. Based oy f,,n = 1,--- , N} and{P;[bn]}, fr oL
finally, the F-domain SISO-MUDs compute the LLRs mi
{Af[bmn]} using (13) for thell = M N data bits ob. M R
3) In the following iterations, both GIC1 and GIC2 em- = Riibi + Y Rim(bm —by) + 1 (17)
ploy the a-priori information. Hence, both GIC1 and m=1

m##i
GIC2 can be operated in the similar way as that of

GIC2 in step 2): they first carry out the group-levelvherebd,, denotes the soft estimate bf,, which is given in
interference cancellation to form the updated versiorf29) obtained from the last iteration. Note that, when there
of {yym.,m = 1,--- M} and{ys,,n = 1,--- N}, a-priori information at the first iteration, we sk, = 0.

which are then sent to the T-domain and F-domain SISO-Based on (17), the extrinsic information[b;;] in (14) can
MUDs, respectively, associated with the corresponding now be computed using the formula [7]

priori information. At the T-domain and F-domain SISO-

MUDs, the LLRs are then updated based on (12) and:[bi;] = (18)

(13), respectively. R.b)HC;! R.b Py
4) Finally, when a sufficient number of iterations are op- 2_ ex [~y ~ Rub) (wei =~ Reid)] [ Prlbin]

bt n
erated yielding a converged BER performance, or théog beb o 7
maximum number of iterations is reached, the transmitted oxp [~y — Ruib)"C; " (ysi — Riid)] [ Prlbin]
data bits can be estimated as the signs of the LLRs beb~ n#j

obtained either from thé/ number of T-domain SISO-

MUDs or from theN number of F-domain SISO-MUDs where the probabilitie{ Py [bin]} are given in (29) and, by

* definition,
Below we analyze the principles of the SISO-MUDs and .
group-level interference cancellation. b = [bi1, -+, bigi—1), +1,bi(j+1), -+ binv]
b- = [b’ih o 7bi(j—1)7 _17 bi(j+1)7 T abZN] (19)

B. Soft-Input Soft-Output Multiuser Detection The covariance matri€'; in (18) can be evaluated with the aid

The T-domain and F-domain SISO-MUDs considered in th@f (17). Remembering that the MUI caused by other user groups
contribution are similar as that proposed in [7] In detmf is treated as Gaussian noise and that the transmitted kits ar
the T-domain SISO-MUDs, using the Bayes’ rule [3], we cafssumed to be independefi, can hence be expressed as

express (12) as o

Pim|bn = +1] | Plomn = +1] Ci= 3" (Runcovibn ~bu)RI) + R (20)
A¢[brn] =1 T log ————— (14 m=1
t[ ] ©8 P[ytm|bmn = _1] +log P[bmn = _1] ( ) A
where the second item at the righthand side representa th&¥nere co\b,, —b,, } is the covariance matrix db,, — b)),

priori LLR of bit b,,,, which is provided by the F-domain Which can be expressed as
SISO-MUDs in the last iteration. By contrast, the first itetn a o
the righthand side of (14), which is denoted kb, ], is the COVibm — b} = d|ag{1 — b 1= Bl 1 me} (21)

extrinsic information provided by the T-domain SISO-MUDs — o . .
based on the statistias. As shown in Fig. 2, the extrinsic informatign\ [b;;]} is sent

to the GIC2. Based on (18), GIC2 evaluates the probability of

It can be shown that the statistigs in (11) for theith group the event tha,,,, — +1 or —1, which can be expressed as [7]

of users can be written as

1
b= 4 [t o (D7)
Yii = Rybi + Y Rimbp +ni, i=1,2,... .M  (15) 2

m=1 m:].,...7M;n:].7...,N (22)

m#i



Note that, the probabilitie P;[b,,,]} represent the-priori of the optimum MUDs. In the proposed iterative TF-domain
probabilities for the following F-domain MUD. GIC2 alsoMUD, the total K = MN number of users supported are
evaluates the soft estimateltg,,, which can be denoted as [7] either divided intoM groups with each group haviny users
. 1 or divided intoN groups with each group containirdg users.
bmn = tanh ()\t[bmn]) ,m=1,...,M;n=1,...,N Hence, when optimum MUD is carried out in the context of
2 23) each of the groups, the complexity is on the ordetof2")
or O (2™). Additionally, it can be shown that in our iterative

The estimates ofb,.,, } are used by GIC2 for implementationTF-domain MUD the complexity of GIC1 and GIC2 is on

of the group-level interference cancellation, which, for= the order ofO (NM?) and O (MN?), respectively, in each
1,2,..., N, can be formulated as iteration. Therefore, when consideririg iterations, the total

complexity for the iterative TF-domain MUD is on the order

N
5 of O [U (N2M + M2N + MN? + NM?)]. Hence, when the
Yri < Ryjby + ZRf"(b" —b,) +n; (24) " humber of users supported is high, the complexity of the iter
i ative TF-domain MUD may be significantly lower than that of

the conventional optimum MUDSs. For example, assuming that
K = MN = 8 x 8 users are supported, the complexity of the
conventional optimum MUDs is then on the order@f2%4).
— ) L 1H By contrast, the complexity of the iterative TF-domain MUD

Bpn = (Hj Hajooo Hong P, Hon, o Ha] - (25) is only on the order of) (2'4), whenU = 4 iterations are
andn; is a zero-mean Gaussian random vector associated Willbwed. Note that our simulation results in the next sectio
a covariance matrix of*R;. show that, aftel/ = 4 iterations, the iterative TF-domain

Let us now turn to consider the F-domain SISO-MUDSVIUD is generally capable of achieving nearly the same BER
which are operated in similar approaches as the abovezathlyperformance as the optimum maximum likelihood (ML)-MUD.
T-domain SISO-MUDs. As shown in Fig. 2, the F-domain

whereb, = [bin,bon,--- ,bun]? andb, denotes its soft
estimation according to (23). Furthermore, in (24)

SISO-MUDs accept the inputs dfys;} and {P;[b;;]} and IV. SIMULATION RESULTS
compute the extrinsic informatiof\ ;[b;;]} according to the  In this section we provide some simulation results in order t
formula illustrate the achievable BER performance of the TF/MC DS-
CDMA system using the proposed iterative TF-domain MUD.
Aslbij) = (26) In our simulations we assumed that the TF/MC DS-CDMA
Z expl—(yyj _Rfjb)chjl(yfj — Ryjb)] H Pi[b,,;] Systems had a_F-domaln spreading facigr = 8 and a T-
low PV mati domain spreading factoN, = 4. The spreading sequences
0g Tl were random sequences. However, in our simulations differe
> expl=(s; — Ryb)"Cr (ys; — Ryjb)] H Pilbmi]  users were assumed not to choose the same T-domain and
beb= m#i F-domain spreading sequences. In other words, the user se-
where, upon following (18), we have guences are distinct, when the joint TF-domain is consilere
bt = [byj, -+ b1y, 1, b1y Gys s byl Rayleigh fading: NN=32, N=8, K=12, L=4
b~ = [bij, - bi—1)j, =L, bary), - 5 byl (27) 10
N 5
Cr =" (Ryncovib, — b, }R}L,) +0°Ry; (28) :
n=1 10° %3 =.
n#j 5 -
. 2 N R
Furthermore, upon receiving\;[b;;]}, GIC1 can evaluate i . AV N
(P bon]} @nd{bn} as e o8 e
S " I — Single-user boun N X AN
1 1 2 o ML-MUD Ny
Pf [b'rnn] == |1+ bmn tanh 7Af[b7nn] 10" B X TF-IMUD (U=2) N
2 2 °H o Joint-MMSE X& =
; b 1/\ b 29 PRI Separate-MMSE
mn = tan (2 g mn}) (29) S R e e
N Ey/N, (dB)
form =1,...,M; n = 1,...,N. These quantities are then

sent to the T-domain MUDs for carrying out the next iteration

f MUD, as shown in (18).
of MUD, ( 8) Fig. 3. BER performance comparison of the TF/MC DS-CDMA usiagous

: : detection schemes, when communicating over Rayleigh fadiagretis having
C. Detection CompI exity L = 4 T-domain resolvable multipaths.

It is well-known that the optimum MUDs have a complexity
on the order of0 (2%) [8]. Therefore, the complexity of the Fig. 3 compares the BER versus SNR per bit&f/Ny
optimum MUDs might be extreme if the number of uséfs performance of TF/MC DS-CDMA using various detection
is relatively high, which consequently limits the applioat schemes, wheX = M N = 3 x 4 = 12 users are supported.



) Rayleigh fading: NN=32, N=8, L=4, U=6

) Rayleigh fading: NN=32, N=8, L=4
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Fig. 4. BER performance comparison of TF/MC DS-CDMA usingaitie
TF-domain MUD, when communicating over Rayleigh fading chéshaving
L = 4 T-domain resolvable multipaths.

Fig. 5. BER performance comparison of TF/MC DS-CDMA usingaitie
TF-domain MUD with different number of iterations, when comnaating
over Rayleigh fading channels haviig= 4 T-domain resolvable multipaths.

In this figure the joint/separate MMSE-MUDs for the TF/MChe results of Fig. 5 shown, the BER performance improvement
DS-CDMA can be found in [3]. Note furthermore that, irbecomes less and less as the number of iterations increases.
the context of the separate MMSE-MUD, the MMSE-MUDThe reason for the above-mentioned observations is thanwh
is first carried out in the T-domain and followed in the Fthe TF/MC DS-CDMA system is lightly loaded, there is low
domain. From Fig. 3 we observe that both the optimum MUMUI, which may be sufficiently suppressed after two or three
and iterative TF-domain MUD using two iterations achievierations. However, when the TF/MC DS-CDMA system is
nearly the same BER performance, which is very close to thaly loaded, there is severe MUI. Hence, more iterations of
single-user BER bound. However, as analyzed previousty, thiF-domain MUD are required in order to efficiently remove
complexity of the iterative TF-domain MUD is much lowerthe MUI. Furthermore, as shown in Fig. 5, when the number
than that of the optimum MUD. Specifically, the complexity obf iterations is not sufficient, error-floors are observedgwo
the optimum MUD isO (212), while the iterative TF-domain the remaining MUI.
MUD is O (2%). As shown in Fig. 3, the joint MMSE-MUD  In conclusions our study and simulation results show that
outperforms the separate MMSE-MUD, but both of them atbe iterative TF-domain MUD is capable of achieving a simila
outperformed by the optimum MUD or the iterative TF-domaiBER performance as the optimum MUD, but with a detec-
MUD. Note that, the complexity of the joint MMSE-MUD tion complexity that may be significantly lower than that of
is O (K?*) = 0(12%), while that of the separate MMSE-the optimum MUD. Owing to its low-complexity and good
MUDis O (MN3 + NM3) = O (343 + 4-3%). Hence, the BER performance, the TF/MC DS-CDMA constitutes one of
complexity of the separate MMSE-MUD can be significantlyhe promising wireless communications schemes for pralctic
lower than that of the joint MMSE-MUD. applications.
Fig. 4 compares the BER performance of the TF/MC DS-
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