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Abstract In this paper, the performance of a wireless communication system based on the TD-CDMA
transmission technique is analyzed. In this paper, we present simulation results for the performance of a turbo
coded TD-CDMA system with QPSK over Rayleigh fading channel model. And the system performance
employing the simple averaging channel estimation is compared to the ideal case with the perfect channel

estimation.
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1. Introduction

IMT-2000 system can provide the voice and data services
as well as mobile multimedia service up to 2Mbps with low
cost. It is expected to create enormous mobile market. In
addition to aforementioned services, it is very important to
provide mobile Internet with low cost to mobile subscriber.

By having introduced high-speed Internet service in
wireline network, Korea has made enormous progress in
the IT field. However, we have not done any research
work to deliver this Internet service by wireless to end-
users. The Internet service shows us the asymmetric
traffic pattern between uplink and downlink compared to
conventional voice and video service. UTRA TDD mode is
very well suited to this mobile Internet service among the
IMT-2000 technologies because of the flexible assignment
of time slots to either downlink or uplink [1][2]. This TDD
mode has almost similar protocol structure as WCDMA
mode, but shows the different modem schemes to W-
CDMA. If we get this difference, we will easily develop
UTRA TDD system when it is commercialized.

The third generation mobile radio system UTRA that has
been specified in the 3GPP consists of two modes, FDD
mode and TDD mode. The agreement recommends the
use of WCDMA for UTRA FDD and TD-CDMA for UTRA
TDD. TD-CDMA is based on a combination of TDMA and
CDMA, whereas W-CDMA is a pure CDMA-based system
[1]. We have focused our energy to develop WCDMA and
cdma2000 systems. Siemens has been developed this
TD-CDMA technology for a few years but we did not
developed it until now. In this paper, we have evaluated
the performance of the TD-CDMA for mobile Internet
services

The organization of this paper is as following. Section 2
introduces the characteristics of TDD systems, and

analyzes the received signal to build the receiver structure.

In section 3, we analyze the performance of the TD-CDMA
systems. Finally, our investigations are summarized and
concluded in section 4.

2. TD-CDMA System

The TD-CDMA system comprises standard TDMA slotted
structures where in each time slot spreading techniques
are used to allow simultaneous transmission by several

users. The time slots are used in the sense of a TDMA
component to separate different user signals in the time
domain. The TDMA frame has a duration of 10 ms and is
subdivided into 15 time slots of 2560*T. duration each. A
time slot corresponds to 2560 chips. The physical channel
signal format is presented in fig.1 [3].
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Fig. 1. Physical Channel Signal Format

Each 10 ms frame consists of 15 time slots, each
allocated to either the uplink or the downlink. With such
flexibility, the TDD mode can be adapted to different
environments and deployment scenarios. In any
configuration at least one time slot has to be allocated for
the downlink and at least one time slot has to be allocated
for the uplink.

A physical channel in TDD is a burst, which is transmitted
in a particular timeslot within allocated radio frames. The
allocation can be continuous, i.e. the time slot in every
frame is allocated to the physical channel or discontinuous,
i.e. the time slot in a subset of all frames is allocated only.
Three types of bursts for dedicated physical channels are
defined. All of them consist of two data symbol fields, a
midamble and a guard period, the lengths of which are
different for the individual burst types. The burst type 1 is
shown in fig. 2.
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The duration of a burst is one time slot. Several bursts can
be transmitted at the same time from one transmitter. In
this case, the data parts must use different OVSF
channelisation codes, but the same scrambling code. The
midamble parts are either identically or differently shifted
versions of a cell-specific basic midamble code [3].

The data part of the burst is spread with a combination of
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channelisation code and scrambling code. The
channelisation code is a OVSF code, which can have a
spreading factor of 1, 2, 4, 8, or 16. The data rate of the
physical channel is depending on the used spreading
factor of the used OVSF code. Downlink physical channels
shall use spreading factor of 16. Multiple parallel physical
channels can be used to support higher data rates. These
parallel physical channels shall be transmitted using
different channelisation codes. Operation with a single
code with spreading factor 1 is possible for the downlink
physical channels. The range of spreading factor that may
be used for uplink physical channels shall range from 16
down to 1 [3].

The data modulation is performed to the bits from the
output of the physical channel mapping procedure and
combines always 2 consecutive binary bits to a complex
valued data symbol. Each user burst has two data carrying
parts, termed data blocks:

a%d = (‘ifk,i)’igk.f)’m,ﬂyg‘,ﬂ)r’ =12k =1,..K,, (1)

Kcode is the number of used codes in a time slot, max Kcoge
=16. Nk is the number of symbols per data field for the

code k. This number is linked to the spreading factor qx [3].

Data block ¢*” is transmitted before the midamble and

data block ¢“” after the midamble. The complex-valued
chip sequence is QPSK modulated as shown in fig. 3.
| shaping| \f/
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Fig. 3. Modulation of Complex Valued Chip Sequences
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The data modulation is QPSK, thus the data symbols 1
are generated from two consecutive data bits from the
output of the physical channel mapping procedure:
B afoa) PeL2Ee kKo inelaNai=12 (2)

using the following mapping to complex symbols:

Table 1. Symbol Mapping in TDD

consecutive binary bit pattern | complex symbaol
ki) 5 (ki i

by b o

00 +

01 +1

10 -1

11 -

In the following fig. 4 shows the transmitter structure of the

-TDD system. In this Figure, the coded signals are mapped
to the complex symbols for spreading and channelizing.
The mapped symbols are spreaded by the orthogonal
channel code which is the real value having the maximum
length of 16. Then, the mapped symbols are scrambled by
the encrypted code. This encrypted code is unique in each
cell and it has the length of 16.
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Fig. 4. Structure of Transmitter in TDD System

The following Eq. (3) shows the transmitted signal s(t)
from the transmitter in fig.4. The signal is composed of

su(t), Saaf®), siaff), and sai(t).
s, (t)=E, d}, C* v} cos(a,1)
:.'Qg(t ~JE. d}, CE V7§ cos(w,1)
s,g =—J_dfn C" VJt sin(w, )
sQ‘,(t =—/E, C" v} sin(m_z)
It is assumed that a data modulator has the pulse shaping
filter for a same phase signal and orthogonal phase signal.
Then, based on the Eg. (3), the mobile station’s

transmitted signal s(f) can be expressed as sy(t), sao(),
siq(t), and sqi(t).

sult)=3E, d*, C* V%, he—nT.)cos(e,1)

n=1
seolt)=-3\E. d, C* V£, hlt—nT.)cos(a,t)
n=l
sol)=-3JE. df, C v
n=1

so(t)=-3\JE, d&, C* V1, hle—nT,)sin(w,1)
n=l

(4)

h(t - nTc)sin(a)ct)

And, after undergoing the frequency selective fading
channel, the base station received signal r(t) is expressed
as nyf), raa(t), na(?), and rait).

i:ajé‘/_ i CrV h r -nT, -7 )cus(mr é )+ n,(f)cos(ew,t)
Qﬁ(r Za i:“’f_ déﬂ C* k

7, (t) Za i dt, C Vi, Wi -nT, -1, )sin{w,t-8,) - ny(t)sin(e,r)

0] ia ir dh, C' ¥ he-nT, —7,)sinlw,t 8, ) ny(r)sin(w,)

Me=nT, ~, Jeosl,t =8, )+ n, (eos(w,1)

()

For the analysis, the receiver structure is assumed to the
orthogonal demodulation structure. And the same phase
components and the orthogonal phase components are
analyzed, and the results are summarized.

When the mobile station transmits two kinds of the same

phase signal r(*) and "=®, the analysis of the base
station received signal is as following. First of all, after
passing the LPF, Sampler, and matched filter, the same
phase signal can be expressed as Eq. (6), (7), (8) and (9).
r{t) % cos(o.1) = ia i:,f_ I h o 4 h(r nT(—rJ)cns(raEJ—ﬂj)xcas[au] (6)

+n (r)::us(a) 1) x cos(w, )

Za,t\/_d et (r nTt7rl)cus(6‘})+cozs(2mrruﬂj)

s (t)l +cc;(2a) 1)



}:a ir db, ' vk, He—nT, -7, )cos(w.1 -8, )x cos(w,1) (7)
+ny (l)cos(a) )% cos(a,t)
- —;a,;ﬁ: db, Ct VL, He-nT, _,’)“S_W:EM

1 +cos(2m.1
snfprecstin)

N,
ra(O)xcos(w,d) ,, = Y@, 3, db, C*
e

raolt) % cos(e,.r)=

o) (8)

v, RlnT, -nT, -z,

2
)
2
oo =S S a2, Ko ) ©)
+":(”’TL)
2

Also the orthogonal phase component signals can be
expressed as Eq. (10), (11), (12), and (13).

(1) xsin(w,1)= ienif dt, Ct Vi Hi-nT, -7, )cos(w.1 - 8, )x sinfa,1) (10)
+ n,(.')cos(tu 1) sinfw, 1)
=§g}iﬁ " R et h(t—nT; 43%
- (r)sin(O)-v- ;i.n(Zm,r}
rw(r)x sin(w, ')"2“}i\/— &t V' {r —uT, —rj)cos(mrluﬁj)x sinfw,7) (1 1 )
-vl—n, (:)cos(m 1) x sinfew,r) ‘ .
Z“hz%iﬁ 4, e, h(,*ntgrl]ﬂizi‘i(z_‘“;‘;ﬂ_)
o {I)sin(ﬂh ;in(Zmﬁr)
r,,{.')x sin a) f i“ii‘\[—— ﬂ”r ct V* (mT -nT, —r‘,)Sin:E.&‘) (12)
in{@
Za,f:\[— dt, Ct¥E, R(mT, -nT, -1,) > ) (13)

1o (t) x sin(en,£) e =

The demodulated data is obtained by multiplying same
phase and orthogonal phase signal expressed Eq. (8), (9),
(12), and (13) by same phase/orthogonal phase code,
respectively. As the result, the demodulator structure of
the base station can be the fig. 5.

When the mobhile station transmits two kinds of orthogonal

phase signal =® and "@® the analysis of the base
station received signals is as following. Then, after
passing the LPF, Sampler, and matched filter, the
orthogonal phase signal can be expressed as Eq. (14),
(15), (16) and (17).

7o) cos(e,7) =~ Zaf i\/— ek, Ht—nT, -1 )sm(wr g )xccs(wt} (14)
- ng(l)sm(m 1) x cos(w,1)
_ -iﬁa;iﬁ v, k(r—n?;—ri)sm(i 8,)+ si;s(Zw:.w&,]
_ig (r}snin(ﬂ) +25i|1(?.a)‘l)
ror (€)% cos(w )= —%ﬂji‘ﬁ i e Ix(.'-nT( —tj.}sin(a)rl—ﬁi]x cos(w, ) (1 5)
= na{{)sin(wcl) x cos(w, 1)
w30 F B dgy vl Moo, s, ) O im0
i (’)sm(ohzin(m,r)
730(t) % cos(a, ] Nicxji\{_ di GV (mT —nl. -7 )sm(ﬂj) (16)
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Fig.5. Demodulator Structure for Same Phase
Components

When the mobile station transmits two kinds of orthogonal

phase signal =® and @@ the analysis of the base
station received signals is as following. Then, after
passing the LPF, Sampler, and matched filter, the
orthogonal phase signal can be expressed as Eq. (14),
(15), (16) and (17).

’m(" xms(ﬂ)! éa,i.‘/_ df, CL¥, l (t =T, - l]si.n(mrtwﬂl)x cos(a,f) (1 8)
= na(l)sm(w r]x oos(m I)
—- S S E di, ¢ v Henm, —r,-)w
_"Q(f)sin(o) +zsin(2w,.!)
1o () % cos(w, ) = —gajgﬁ dg, Cr vy, h{l—nT‘ —r})sm(m‘t—aj)xcos(a):r) (19)
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:",g;;a‘gﬁ i, Ct vt He-n, _Tf)w
y na({)sin(ﬂ)-# ;in(Zw,r)
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=

Also the orthogonal phase component signals can be
expressed as Eq. (18), (19), (20), and (21).

riplt) % sin(w.4) = —ialgq’z dreivi, h(r—n?; —T_,)si.u(m‘r—ﬂj)x sin(w,r) (22)

= ng(!)sin(m‘t)x sin(a,1)
=-N2a,i~/5 dichve: ;,(,_,,T;_,]]T@:E;(ZL’%)
T
_ ng(t)] —cn;[2a)rl)
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ror{t)xsinfw,f) = fia,gﬁ db, CVE Hi—nT, -z, )sin(w,1 -8, )xsin{a,r) (23)
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2

The demodulated data is obtained by multiplying same
phase and orthogonal phase signal expressed Eq. (16),

(17), (20), and (21) by same phase/orthogonal phase code.

As the result, the demodulator structure of base station
can be the fig. 6.
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Fig. 6. Demodulator Structure for Orthogonal Phase
Components

From such analysis, same phase and orthogonal phase
signals transmitted by a mobile station are expressed Eq.
(8), (9), (12), and (13) and Egq. (16), (17), (20), and (21).
Base on these equations, the structure of base station’s
demodulator is shown in fig. 7.

3. Simulations

For the simulation, this paper assumes some cases.

At first, 3.84Mcps TDD system is considered.

And secondly, it is assumed that there is no guard interval
in burst type 1.

At third, the data frame is consisted of one timeslot unit
having 2560 chips.

Finally, it is assumed that the power control and frame
synchronization is perfect.

Table 2 shows the parameters of the simulations.

40

International Journal of Multimedia and Ubiquitous Engineering
Vol. 1, No. 3, September, 2006

Table 2. Parameters for Simulation

Parameters Value

Chip rate 3.84 Mcps
Channel code Turbo code 1/2 [4]
Decoding algorithm MAP

Number of iteration 8

Burst type Typel

Spreading factor 16

Channel model Rayleigh fading (1, and 3 path)
Jakes' power spectrum [5]
10km/h, 60km/h

Ideal / non-ideal (SA algorithm)

Mobile Speed
Channel estimator

Midamble
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Noise Generator
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Fig. 8. Structure of the Simulator

In this simulation, the internal interleaver size of turbo
code is 128 bits, and 8 times iteration is used. Also for the
multipath simulation, 0.5, 0.3 and 0.2 are selected for the
weight factors in 3-path. fig. 9 and fig 10 show the
performance of TD-CDMA system using turbo code.
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Fig. 10. BER performance at v=60km/h




4. Conclusion

In this paper, we propose and analyze a channel
estimator and data demodulator structures for the TD-
CDMA system, which is a TDD-based CDMA system, one
of third-generation mobile communication systems. We
analyze the performance of the TD-CDMA system using
turbo code over mobile channel environments.

As the results of the simulations, it is shown that turbo
code has better coding gains in case the fast moving
channel when lower BER is required. Also, the simulation
results confirm the good performance of the RAKE
receiver in the multipath environment. For 10km/h mobile
speed, SA channel estimation method shows the
performance near to the ideal channel estimation.

However for the high mobile speed, it shows the
performance different from the ideal channel estimation. In
order to improve the performance over high speed mobile
channel, more efficient channel estimation algorithm is
required. ’
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