Delay-time/code division multi-access
in frequency-selective channel

F. Adachi and K. Takeda

A new hybrid multi-access technique, called delay-time/code division
multi-access (DT/CDMA), is proposed. Multiplexing is accomplished
in both the delay-time domain and code domain. Delay-time division
multiplexing is achieved by assigning different cyclic time delays to
the same spreading sequence. At a receiver, frequency-domain equal-
isation, despreading, and demultiplexing are performed simulta-
neously in the frequency domain. The bit error rate performance
when using the proposed DT/CDMA in a frequency-selective
Rayleigh fading channel is evaluated by computer simulation.

Introduction: Direct-sequence code division multi-access (DS-
CDMA) with coherent rake combining is adopted in third generation
(3G) mobile communication systems [1]. Rake combining can take
advantage of the frequency selectivity of the channel to improve bit
error rate (BER) performance by separating different propagation paths
in the despreading process and then coherently combining them. In the
fourth generation (4G) mobile communication systems [2], there is
demand for broadband data services that require a much wider band-
width, e.g. 100 MHz, than the 3G systems (which use the 1.25-5 MHz
bandwidth). The wireless channel for 4G systems may become severely
frequency selective owing to the presence of many propagation paths
which causes the BER performance to degrade when employing
coherent rake combining. To overcome this problem, multi-carrier
CDMA (MC-CDMA) [3, 4] has recently attracted much attention.
More recently, it was shown [5] that frequency-domain equalisation
(FDE) based on the minimum mean square error (MMSE) criterion
improves the BER performance of nonspread single-carrier transmis-
sion. MMSE-FDE can also be applied to DS-CDMA to replace coherent
rake combining in order to achieve much improved BER performance
[6]. This is true for the case of the DS-CDMA downlink (base-to-
mobile). However, in the DS-CDMA uplink (mobile-to-base) case, the
orthogonality among different user spread signals is severely distorted
since different user signals pass through different channels. The result-
ing multi-access interference (MAI) limits the uplink BER performance
even if MMSE-FDE is used. This Letter proposes a new hybrid multi-
access technique that suppresses MAI while taking advantage of the
channel frequency selectivity to improve BER performance.
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Operation principle of DT/CDMA: A long pseudo-noise (PN)
sequence, {c(f)= *£1}, is used as a spreading sequence. U users
transmit their data to a base station. For the spreading factor, SF, U
users share the same partial sequence, {c(t);t=n-SF~(n+1)-SF—1},
to spread their nth data-modulated symbols, but the uth user, u=0~ U
— 1, is assigned a cyclic time delay of uA chips to the partial sequence,
where A is set to the maximum time delay difference of the channel.
Below, without loss of generality, we consider the transmission of the
n = 0th data symbol and omit symbol index # for simplicity. The transmitter
and receiver structures are illustrated in Fig. 1. The uth user data-modulated
symbol, d,, is spread by c((t — uA)modSF), t =0~ SF — 1, as shown in

Fig. 2. Before the transmission of the spread signal, the insertion of a guard
interval (GI) of A chips is necessary to carry out FDE at the receiver [6];
however, in the following explanation, the GI insertion/removal operation
is omitted for simplicity. Throughout this Letter, a discrete-time signal
representation is used.

The uth user transmit signal, s,(f), t=0~ SF — 1, is expressed using
the lowpass equivalent representation as

5.() = /25,d,e((t — uA)modSF) Q)

where S, is the average transmit power and E[|d,[*]=1 with E[.]
representing the ensemble average operation. The channel is assumed to
be composed of L distinct paths, each having an integer multiple of chip
length 7. Superposition of U user signals is received at the base station,
which can be expressed as

U-1 -1
()= > 2S,d, Y h,c((t — 7, ; — uA)modSF)
u=0 =0

+9(t), t =0~F — 1

@

where £, and 7, ; are the complex path gain and time delay of the /th
path, respectively. Term #(f) is a zero-mean noise process having
variance 2N,/ T,. due to the additive white Gaussian noise (AW and T,
is the chip length). The received signal, {r(f); t=0~SF—1}, is
transformed by applying the SF-point fast Fourier transform (FFT) to
frequency-domain signal {R(k); k=0~SF — 1}. Term R(k) is given as
(its derivation is omitted for the sake of brevity)

R(k) = ;01 1) exp(—j2nk§)

U-1 uA G)
= ;) \/EduHu(k){C(k) exp<—jznkS—F)} + II(k)

where C(k), H,(k), and TI(k) are Fourier transforms of partial sequence
{c(t);t=0~SF — 1}, the channel impulse response, and noise, respec-
tively. These are given by

Clk) = ;0] o(f) exp (—jznkSiF),Hu(k)

-1 o1,
= l;:) hy exp(—]anS—Iﬁ> 4)

SF-1 ¢
I(k) = t;) a(r) exp( j2nk SF)
The uth user is considered to be a desired user. FDE is carried out as R,
(k) =w,(k)R(k), where w,(k) is the equalisation weight. The frequency-
domain signal, {R,(k); k=0~SF — 1}, is transformed by SF-point
inverse FFT (IFFT) into delay-time domain signal {y,(t); T =0~SF — 1}.
Below, we derive the MMSE weight such that y,(7) is as close to d,, d(t)
as possible. This means that y,(0) becomes the decision variable, d,.
We have

1 SF=1
d, =y, 0) =g > w,(R(K) ®)

FDE, despreading, and demultiplexing can be simultaneously
performed in the frequency domain. The Fourier transform of d,0(7)
is d, for k=0~SF—1 and the equalisation error e(k) is defined as
e(k) =R, (k) — d,. Since data symbols of different users are independent,
solving 8E[|e(k)|*]/dw,(k)=0 gives the following MMSE weight

{C(k)H, (k) exp(—j2mk(uA/SF))}"
w, (k) = 2 U-1 2
(1CG)R/SFCU=8) Sy To/NWH, ()P + 1

(6)

Simulation results: Quaternary phase shift keying (QPSK) is used for
data modulation. The fading channel is a chip-spaced L = 16-path
frequency-selective block Rayleigh channel with a uniform power
delay profile (i.e. E[|h,,,1|2] =1/L and 7, ;=1 for all u). The spreading
factor is set to SF = 64. The GI length is set to A = 16 chips; therefore,
the maximum number of users to be multiplexed is SF/A= 4. A long
PN sequence with the repetition period of 4095 chips is used as the
spreading sequence, c(#). Partial sequence {c(?); t = nSF~(n+ 1)SF}
is used to spread the nth data-modulated symbol for users u =0-3. If
U users exceeds four but is less than eight, we use {c(¢); t=(n+1)
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SF~(n+2)SF} to spread the nth data-modulated symbol for users
u=4-7. Ideal timing recovery and channel estimation are assumed.

Fig. 3 plots the uplink average BER performance of the proposed
DT/CDMA against the average received signal energy per bit-to-
AWGN power spectrum density ratio E,/Ny (=0.5(ST,./No)(SF + A)),
where we assume S, =S for all u (i.e. the signal-to-interference power
(SIR) per user is 0 dB). For comparison, the results of conventional DS-
CDMA with MMSE-FDE are plotted. DT/CDMA cannot completely
remove the MAI since the orthogonality among different users is
distorted to some extent owing to MMSE-FDE and therefore the
achievable BER performance degrades owing to residual MAI as U
increases. However, the proposed DT/CDMA provides better BER
performance than the conventional DS-CDMA. Fig. 4 shows how the
achievable BER performance degrades as SIR per user decreases when
U=4. The u=0th user is the desired user and the other three users,
u=1-3, are interfering users. The Figure clearly shows that the
proposed DT/CDMA is very insensitive to the power difference
among users compared to DS-CDMA.
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Fig. 3 Average BER performance with SIR per user =0 dB
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Fig. 4 Impact of interference power on BER performance

Conclusion: We propose a new hybrid multi-access technique that
utilises both the delay-time domain and code domain. Frequency-
domain equalisation, despreading, and demultiplexing are simulta-
neously performed in the frequency domain. The achievable BER
performance of the proposed DT/CDMA was evaluated by computer
simulation to confirm its advantage over DS-CDMA.

© The Institution of Engineering and Technology 2007
28 April 2007

Electronics Letters online no: 20071245

doi: 10.1049/e1:20071245

F. Adachi and K. Takeda (Department of Electrical and Communica-
tion Engineering, Graduate School of Engineering, Tohoku Univer-
sity, 6-6-05 Aza-Aoba, Aramaki, Aoba-ku, Sendai 980-8579, Japan)

E-mail: adachi@ecei.tohoku.ac.jp

References

1 Adachi, F., Sawahashi, M., and Suda, H.: ‘Wideband DS-CDMA for next
generation mobile communications systems’, I[EEE Commun. Mag.,
1998, 36, (9), pp. 56-69

2 Kim, Y., Jeong, B.J., Chung, J., Hwang, C.-S., Ryu, J.S., Kim, K.-H., and
Kim, YXK.: ‘Beyond 3G: vision, requirements, and enabling
technologies’, [EEE Commun. Mag., 2003, 41, (3), pp. 120-124

3 Hara, S., and Prasad, R.: ‘Overview of multicarrier CDMA’, IEEE
Commun. Mag., 1997, 35, (12), pp. 126-144

4 Helard, M., Le Gouable, R., Helard, J.-F., and Baudais, J.-Y.: ‘Multicarrier
CDMA techniques for future wideband wireless networks’, Ann.
Telecommun., 2001, 56, pp. 260-274

5 Falconer, D., Ariyavisitakul, S.L., Beyamin-Seeyar, A., and Eidson, B.:
‘Frequency domain equalization for single-carrier broadband wireless
systems’, JEEE Commun. Mag., 2002, 40, (4), pp. 58-66

6 Adachi, F, Garg, D., Takaoka, S., and Takeda, K.: ‘Broadband CDMA
techniques’, IEEE Wire. Commun. Mag., 2005, 12, (2), pp. 8-18

ELECTRONICS LETTERS 31st August 2007 Vol. 43 No. 18

Downloaded 13 Jul 2008 to 130.34.194.69. Redistribution subject to IET licence or copyright; see http://ietdl.org/copyright.jsp



	Introduction
	Operation principle of DT/CDMA
	Simulation results
	Conclusion
	References

