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Performance Analysis CDMA Systems by Using Biorthogonal Codes
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ABSTRACT

In this paper, a new CDMA system is proposed, which is composed of very low rate convolutional codes and biorthogonal
codes with good cross-correlation property. Convolutional encoder with rate 1/64 and constraint length 7 and 128 rows x 64 chips
biorthogonal codes generated from Walsh codes with 64 rows x 64 chips are used for encoding and spreading. Viterbi decoder is
used for demodulating newly designed CDMA system, whose branch metric values are not repeated by butterfly form but have
different 128 values. The performance of the proposed CDMA system is analyzed and compared with conventional CDMA sys-
tem and CDMA system with FEC and orthogonal modulation, which is similar to Qualcomm’s CDMA system. The performance
of the proposed CDMA systemn using biorthogonal code is better than of the CDMA system using and orthogonal modulation,
and from the hardware complexity point of view, the amount of computation for implementing the proposed CDMA system is
increased only a little.
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1. Introduction

Mobile communication service has been
rapidly grown to saturate the capacity of sys-
tem because of mobility. speed, globality and
convenience since cellular communication sys-
tems has been introduced in early 1960s. As
the capacity of current analog cellular com-
munication system is gradually saturated
because of consistently increasing number of
subscribers., the development of the digital
mobile communication is being accelerated to
solve the capacity congestion problem.
Although TDMA system is already being
deplovyed in USA and Europe as a standard of
digital cellular system. CDMA system which
accommodates more users and better services
is getting more attention from many coun-
tries(1}). Recently, CDMA system is adopted
as a standard for next generation digital cel-
lular system in Korea, and the commercial
service by CDMA system will be stsred in a
year.

CDMA communication system as a spread-
spectrum multiple access system using spread-
ing codes, can share the same carrier fre-
quency among users, use soft-handoff
between cells, and decrease performance
degradation by multipath fading under mobile
communication environment. Since fading
phenomenon severely degrades voice quality
by generating burst and random errors, error
control technology is required(2)(3].

In this paper. a new CDMA system is pro-
posed. which is composed of very low rate
convolutional codes and biorthogonal codes
with good cross-correlation property. The per-
formace of the proposed CDMA system is ana-
lyzed and compared with typical CDMA sys-
tem and CDMA system using FEC and orthog-

onal modulation.
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The proposed CDMA system using biorthog-
onal code and very low rate convolutional
code turns out to have good performance
enough to substitute the existing CDMA sys-
tem using FEC and orthogonal modulation,
and from the hardware complexity point of
view, it makes it easy to implement CDMA
digital cellular systems.

In section . we describe the entire config-
uration of the proposed CDMA system and
introduce biorthogonal code modulator com-
bined with very low rate convolutional code.
Viterbi decoder is explained for demodulating
the received signal modulated by biorthogonal
codes in section W, and for the performance
comparison of this CDMA system, existing
conventional CDMA system and CDMA system
using FEC and orthogonal modulation are
presented. From the simulation result, it
turns out that the performance of the pro-
posed CDMA system using biorthogonal codes
is better than those of the other CDMA sys-
tems. Last. in section V., we conclude the

paper.

I. Spread Spectrum Modulation using
Biorthogonal Codes

Mobile communcation system is generally
composed of forward link from base station to
mobile station and reverse link from mobile
station to base station(4). Specially, in the
reverse link. robust system design is required
to compensate with degradation of perfor-
mance due to multipath fading. Therefore,
CDMA system using error correcting codes
and orthogonal code modulation, can be used
in the reverse link.

We proposed new CDMA system using
biorthogonal codes, which can be used in
CDMA system as Fig. 1. This system is com-
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posed of very low rate convolutional encoder
using biorthogonal codes, PN sequence gener-
ator, PN chip soft-decision and Viterbi
decoder.

Information bits are inputed at 9600bps to
be transmitted through the reverse link.
These input bits are transformed to 614.4Kcps
rate symbols by very low rate convolutional
encoder with code rate 1/64 and constraint
length 7 and biorthogonal codes with 128 rows
and 64 chips. That is, one input bit is trans-
formed to biothogonal code of 64 chips select-
ed by biorthogonal modulator. And each chip
is spreaded by 2 and scrambled by two differ-
ent PN sequences. Those PN sequences are
long PN sequence and pilot PN sequence(short
PN sequence) which have period 2”-1 and 2%,
respectively. The output chips of biorthogonal
modulator are spreaded to to 1.2288Mcps

transmission rate by long PN sequence and
multiplied by pilot PN sequence and modulat-
ed in QPSK.

The transmitted signal is received through
AWGN channel and multiplied by synchro-
nized pilot PN sequence. Then, signals of I
and Q channels are added and despreaded by
synchronized by long PN sequence. After PN
chip soft-decision, the symbols are inputed to
Viterbi decoder, which is composed of branch
metric calculation, add-compare-select, path
metric memory and traceback depth operation
for decoding the received signals.

Biorthogonal code set with total M code-
words can be obtained from Walsh codes with
M/2 signals as below(5}.

B, {g :] (1)

Long PN sequence
(42 stages)

Data Very Low Rate 1.2288M cps
| Convolutional Encoder - @
Generator Bit using Biorthogonal Codes , )
1 ~ i Chip Spreading
(9600 bps) R=1/64. K=1 (614.4k cps) (x2)
AWGN
Channel ‘
» Synchronized
I-Channel Pilot I-Channel Pilot
PN Sequence PN Sequence
AWGN
Channel ? Analog
; Synchromzed Signal
Q;)Cb?%nnel Pilot Q-Channel Pilot
equence PN Sequence
Viterbi ﬁ PN Chip
Decoder | = Soft Decision
1.2288M cps

Synchronized
Long PN sequence
(42 stages)

Fig. 1. Block diagram of CDMA system using biorthogonal codes
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Here. Hadamard matrix H,, has a size of

2'x2*" and can be generated as

H 'Tl"“ l—{“]

ST Hi: {2
where H w2 1s bit inversion of H,.,.
Biorthogonal code is composed of two sets of
orthogonal codes, each codeword in one set
has its antipodal codeword in another set.
Biorthogonal codes. therefore. is organized by
orthogonal and antipodal signal set.

Generally, signal set with equal energy
si(t), i=1,2,...,

tion (3) is satisfied.

M has orthogonality if equa-

1 fori=j

1.1
z, :EL s,(:)s,(f)dr:{ (3)

0 otherwise

where z;; is called cross—correlation coefficient.

and E is defined as
E=[ s}t (4)

Using z;. the cross—correlation of biorthogo-
nal codes is calculated as the following.
1 fori=j

s, =91 forizj li-jl=M/2 (5)
O forizj |i-jeM/2

Biorthogonal codes used in orthogonal mod-
ulation of the proposed CDMA system in this

paper are given as the bilorthogonal code B,

128% 64(2"x 2°) generated by
Hadamard matrix Hy with size 64x64(2°x2%).

The selection of biorthogonal code is deter-

with size

mined by 7-bit output of shift registers in
Fig. 2.

[n biorthogonal code modulator, one bit
information data is inputed and it outputs
the modulated 64 chips by choosing one of 128
biorthogonal codes. Convolutional encoder in
this CDMA system uses biorthogonal codes
with code rate 1/64 and constraint lengh 7.
We internally consider biorthogonal modulator
as a convolutional encoder to generate address
of biorthogonal codes according to input bits.
The block diagram of very low rate convolu-
tional encoder using biorthogonal codes is
shown in Fig. 2.

(€1, ¢ .... ¢7) denotes the address used in
selecting one codeword in the table of
biorthogonal code set. Upper part of convolu-
tional encoder has the role of generating the
address of biorthogonal code. Equation (6)

represents its address calculation method as
ADRS=%72""¢,
(]

=2, +2'c, 27, + 2%, + 2P e + ¢, + 2%, {6)
= ¢, +20, +4c,y +8c, +16¢, +32¢, +b4c,

where ADRS is the address pointing one of

LSB MSB
Input bits _ o
Cy Cy C3 Cy Cs Cs Cq
Y Y Y \
Output
Biorthogonal Code Table —t——
64 chips

Fig. 2. Block diagram of very low rate convoluticnal encoder using biorthogonal codes
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128 codes in the table of biorthogonal code
set. and ¢{i=1,2,..., 7) is the output of shift
registers in Fig. 2.

In order to generate the biorthogonal codes,
we need 64-ary Walsh orthogonal codes. The
upper half part of biorthogonal code table is
composed of Walsh code itself and the lower
half part is filled with bit inversioned Walsh
code. Fig. 3 shows the biorthogonal code
table.

In Fig. 3.(i+64)-th code is the 1’s comple-
ment of i-th code. The ideal correlation of 64-
ary Walsh code takes on the values, 0 or +
64, however that of biorthogonal code using
Walsh code takes on the values, -64, 0 or +
64. Therefore, the correlation property of
biorthogonal codes is better than that of
Walsh codes.

Id— 64 chips —b‘

0000000 A

i-th code

011£111 1's Complement

1000000 128 rows
(i+64)-th code
1111111 Y
MSB LSB
(Address)

Fig. 3. Structure of biorthogonal code table

. Demodulation using Viterbi
Decoder

The received signal which was spreaded and
scrambled by long and pilot PN sequence and
modulated by QPSK, is quantized by soft-
decision before it is inputed to Viterbi
decoder. The received signal can be represent-

ed as follows.
r= i‘/E+n 7

where E; is signal energy per transmitted
code symbol, and n is additive white
Gaussian noise with zero mean and double
sided noise power spectral density Ny/2.

The received analog baseband signal r is
inputed to Viterbi decoder as quantized digi-
tal symbol y|,y,....yq according to soft-deci-
sion threshold values b, b,..... bg,.

It is well known that if the number of soft-
decision bit is 4, the optimal full scale value

for soft-decision is represented as

\[ ;3»:,0 (8)

where 8.0 means that each symbol is assigned

£, =80x0.6x

to 8-level because decision level @ is 16, and
0.6 is experimental value for the best perfor-
mance of Viterbi decoder. And D is the para-
meter for the optimal full scale,

The implementation of Viterbi decoder for
decoding the proposed CDMA system is differ-
ent from common Viterbi decoder. That is,
when we calculate path metric, the branch
metric values are not repeated by certain
butterfly from but obtained from different
128 branch metric values. Fig. 4 shows the
trellis diagram of very low rate convolutional
code using biorthogonal codes.

First, 128 different branch metric values

are calculated when the outputs of PN chip

1525
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Current Next  OQutput Codeword Address
State State  (Upper/Lower Branch)
(11111t) 63 ~ o 63 127763
(111110y 62 - . T 62 126/ 62
(1o 61 e 6l 125761
(111100) 60 T 60 124/ 60
(110000) TN
UOI,”‘) 4.7 ey
gogeory 33, 0 o Tl ® 97/33
(100000) 32 7, SR> 96 /32
Oy 30 ST 95/31
©n1o) 307 e 94130

©10000) 167~

(O01131) 15 N
: : N
000011y 3 S 6713
(000010) 2 ISy 2 6612
(000001) 1 - - o 65/1
(000000) O - — 0 64/0
[ B Input Bit: 0
Input Bit : |

Fig.4. Trellis diagram of very low rate convloutional
code using biorthogonal codes

soft-decision are inputed to Viterbi decoder

The soft-decisioned symbol is used for cal-
culation of branch metric by measuring the
Euclidean distance between quantized symbols
and 128 codewords in biorthogonal code set.
All 128 branch metric values are calculated
by repeating this process for the quantized
symbols and all different 128 biorthogonal
codewords.

The branch metric. BM,(t)(n=0.1.2,. .. 127) can
be calculated as the KEuclidean distance
between 128 biorthogonal codes and the
received signal y=(yq.¥..vz. ... ¥s3) whose bits
are quantized by 4 bits.

01

BM, =3a,. n=0.1 ... 127 {10)

=0

where a; is given as

1526

v, if B, =0

a, =
sy iR =1

W)

where B; is the i-th bit in a biorthogonal
code.

In add-compare-select, the current path
metric values are calculated by using 128
branch metric values and the past path met-
ric values. The number of states in the pro-
posed system is 64 because the constraint
length of convolutional code 7. Therefore. the

path metric values at time t are given as
PMy(t). PM,;(t) . PM,(0).. ... PMg (t). PMg(t) (12

Using the trellis diagram in Fig. 4. the
new 64 path metric values are calculated,
where the branch metric values are not

repeated as below.

PMp{t)=min{PMy(t-1)+BMy(£), PM3y(t-1}+ BMg ()}
PM,; (0=min{PMy(t-1) + BM, (), PMy{¢-1) + BMgs (O}

: {19
PMg, ($)=min{PM3 (1) + BMg (), PMg; (1) +BM ()}
PMgs(£)=min{PMy (¢-1) + BMg (), PMgy(¢-1) +BM (8}

The path meric values increase as the time
t increascs. In order to avoid the overfolw of
path metric memory. the normalization of
path metric is needed. The minimum path
metic value should be found at each time and
all path metric values are substracted by the

minimum path metric value. That is,

PMa(=min{PM,(t)}
PM, () PM{()-PMp, () {14

After normalization, the mimimum path

metric becomes always zero.
V. Simulations

A. Various CDMA Systems
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Long PN sequence

* (42 stages)
Data >@ 1.2288M cps
Generator Bit . Spreadin
(9600 bps) Spreading preading
(x 128) (x128)
AWGN
e e
Channel
» Synchronized
I-Channel Pilot [-Channel Pilot
PN S
equence AWGN PN Sequence
e —
? Channel Analog
Q-Channel Pilot Q?ég;};;oerlulz)?;im Signal
PN Sequence PN Sequence
Decision 127
0:0 —————  }" -§ X
0:1 i=0
< : 1.2288M cps
Synchronized

Long PN sequence
(42 stages)

Fig. 5. Block diagram of conventional CDMA system

Long PN sequence

+ (42 stages)
Data ___>C(nrwolutional___> Orthogonal __»C_D 1.2288M cps
Generator . Encoder Modulator ,
Bit Symbol Chip R
(9600 bps) (28.8k cps) (307. 2k cps) Spff;;i“’g
AWGN
—O)————»
Channel ¢
> Synchronized
I-Channel Pilot I-Channel Pilot
PN S 3
equence AWGN PN Sequence
b i o
Channel
Analog
Q-Channel Pilot ngﬁfr‘l;‘;‘]“;‘jfot Signal
PN Sequence PN Sequence
. . Symbol 3 PN Chip
Viterbi ¢ Orthogonal «
Decoder Desc?giton Demodulator i}=:0: Desc(;giton -~
1.2288M cps
Synchronized

Long PN sequence
(42 stages)

Fig. 6. Block diagram of CDMA system using FEC and orthogonal modulation
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The performance of the proposed CDMA
system is compared with two different types
of CDMA system such as a conventional
CDMA system in [Fig 5, which is composed of
spreading and despreading, and CDMA system
with orthgonal modulation and [FEC
6.

in Iig.

The performance of conventional CDMA
system is the same as that of coherent BPSK
system. In the conventional CDMA system,
the input bit rate is 9600bps and the chip
PN 1.2288Mcps.
Therefore. the spreading ratio is 128 and that

rate of sequence is
is, the processing gain is 21dB. The modula-
tion scheme has been chosen as QPSK.

The second system is almost the same as
Qualcomm’s CDMA system except the con-
straint length of convolutional code, where
the constraint length of 7 has been chosen
instead of 9. because the convolutional code

in our proposed CDMA system is 7. The code

rate of convolutional encoder is 1/3 and con-
straint length 7. Two information bits are
1.00E+00 S S Semmatons Ls sy Mmaa
[ Z0-00dB —o—1.0dB|:
| —a-204B —o-304B|"
1.00£-01
1 00E-02
£ 100E-03
-]
1 00E-04
! 00E-05
1 00E-06

Full Scale

Fig. 7. Performance of the proposed CDMA system
using biorthogonal codes with variation of full
scale parameters
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convolutionally encoded into 6 symbols, then
these symbols are modulated to 64 walsh
chips. The orthogonally moduated symbols are
spreaded by long PN sequence by 4. Therefore
this CDMA system also has the processing
gain of 21dB.

The three different CDMA systems includ-
ing the proposed CDMA system do have the
same processing gain of 21dB and the con-

straint length fo convolutional encoder is 7.

3. Performance Analysis and Comparison

Three different CDMA systems are imple-
mented using Borland C on IBM-PC. The
input file has the varible parameters, such as
E/N, frames. traceback depth. full scale,
and number of soft-decision bits, and etc and
the output file includes the number of
errored bits and bit error rate together with
input parameters listed above.

[n simulation, we chose the parameter val-
ues as

» Convolutional code @ R=1/64, K=17

1 O0F+00
1 O0E-01
1O0F-02 o |
TOOE M -
L OO0 .
1 (0E-05
0 16 a2 48 64 80 96

Traceback Depth

Fig. 8. Performance of the proposed CDMA system using
biorthogonal codes with variation of traceback
depth of Viterbi decoder (F;,N,=3dB, fs=12)
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1.00E+00

PN IS B SURE [N (NN S SRS

~&-— Biorthogonal Code System -

s ) —o— Conventional System (Coherent BPSK) |~

1.00E-01 & . ~t~ FEC+Orthogonal Mod. System

1.00E-02 B EE i B b =
E 1.00E-03
1.00E-04
1.00E-05
1 D0E-06

00 10 20 30 40 50 60 70 80 90 100

Eb/No

Fig. 9. Performance comparison of CDMA systems

» Biorthogonal code @ 128 x64

* Modulation : QPSK

» Channel @ Additive White Gaussian Noise

« PN sequence : Long PN sequence of period 2°-1

Pilot PN sequence of period 2°

* Soft-decision : 4 bits

* Demodulation : Viterbi decoder

Fig . 7 and Fig. 8 show the performance of
the proposed CDMA system using biorthogonal
codes with variation of full-scale and
traceback depth, respectively.

The performance comparison of the three
different CDMA systems are presented in Fig.
9. The performance of conventional CDMA
system is almost the same as that of coherent
BPSK. The CDMA system of FEC and orthog-
onal modulation is little inferior to the
Qualcomm system by 0.4dB. because its con-
straint length is 7. which is shorter than
that of Qualcomm CDMA system by 2. The
performance of the proposed CDMA system is
better than that of the CDMA system with
FEC and orthogonal modulation by 0.8dB at
BER=10"° with the little increase of hardware

complexity.

V. Conclusions

In this paper. the new CDMA system using
very low rate convolutional codes and
biorthogonal codes is proposed. The proposed
CDMA system can be considered as a combin-
ing of spreading and forward error correcting
code.

The code rate of convolutional code is 1/64
and biorthogonal codes with 128 by 64 are
used. From the simulation, result it is proved
that bit error performance for the proposed
CDMA system is better than that of conven-
tional CDMA system with forward error cor-
rection by 0.8dB at BER=10°. The increase of
hardware complexity of the proposed CDMA
system can be ignorable. In the band and
power limited channel such as cellular sys-
tem, the proposed system can be used as a
suitable candidate for modulation scheme of
CDMA.
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