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Abstract

In this paper we propose a novel structure using multi-hierarchical modified prime code sequences for

synchronous code division multiple access {(S/CDMA) network to increase the capecity of decoder dramatically, By setting the
thresheid and optimal decision position(ODP), together with delay line logic we can discriminate the input codes correctly.
This architecture improve the capacity of modified prime code hierarchical decoder from P* to 1362 % P? theoretically, with P

being a prime number,

1. INTRODUCTION

Techniques of fiber-optic code division multiple access
{CDMA), also called spread spectrum techniques, have been
proposed by various authors recentlyi1]-[3]. Compared with
asynchronous CDMA  network, CDMA with frame
synchronization (S/CDMA) require network access all users
be synchronized in order to provide higher throughput and
accommedation{4]. In such structures using medified prime
code sequence as a spreading code for asynchronous CDMA
or S/CDMA. there are only a few decoder capacity. In the
Asynchronous CDMA system the number of subscribers is
equal to P. and in the 5/CDMA system the number of
subscribers is equal to P, where P is a prime. In this paper
we propose a new approach to combine two distinct vaiue of
P of the modified prime code structurcs to form a new
multi-hierarchical architecture to increase the capacity of
decoder system,

2. SYSTEM DESCRIPTION

The system block diagram of hierarchical structure is
shown in Fig. 1. We utilize different value of P of prime
code sequence to implementation our architecture. Table 1,
Table 2 show the modified prime code sequence for P =3 =
Psand P = 7 = P, respectively. For example, a prime code
sequence for P=7, Cq; in group 6 combines with P=3, Cy; in
group O, to form a two-layer hierarchical architecture. P=7,
Cs; in group 6 consists of seven delay lines: 1L, 14L, 20L,
26L, 32L. 381. 44L .and P=3. Cy, in group O consists of
three delay lines: 3L, 6L, 9L. At the receiver end, the
decoder collects the time-shifted pulses from each path of
the tapped delay lines and sum up the time-shifted pulses,
The receiver output rn/ is define as follow5]

rn = ¥ stk) fin) ()

if the incoming signal has arrived af the correct
destination, then sp=ffn). and (1) represents an
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autocorrelation function; otherwise il represenis a Cross-
correlation function. Through the optimal decision
position(ODP) and delay line logic(DLL) together, the
decoder will preduce a peak amplitude. thus we can
discriminate the input codes correctly. This novel system
can improve the capacity from P, “(modified prime codes) to
1362 % P *multi-hierarchical prime code decoder)
theoretically. There are still some failure groups exist in the
theoretical capacity after simulations. however.

3. ANALYSIS

At the receiver end, if the signal amrived at the correct
destination, then we get the aufocorrelation function,
otherwise, we get the cross-correlation function. It is
necessary 1o maximize the autocorrelation function and
minimize the cross-correlation function to optimize the
system performancef5}. The signature sequences suited in
previous smudied[2],[3], and the possible code for the
S/CDMA is the modified prime code sequencef4]. In such a
code sequence the length of a certain signature sequence is
equal to P°. We combine two different value of P(P, : Larger
value of P. and Ps ; Smaller value of Pyvalue of modified
prime code sequence to form a multi-hierarchical prime
code segquences, and Fig. 2 shows the critical process of
combination. By rteplacing the specific bit 0 portion in
cerain of larger of P=P; value among the modified prime
code sequence to all group in smaller of P=P; value among
the modified prime code sequence. Thus in each operation
we can get an additional Ps® codes if we use the two-layer
structure, and an additional Ps® % Pg'codes if we use the
three-laver structure, and an additional Ps’ X Pg° X Pg
codes for the four-layer structure, Fig. 2 also list the
additional codes in two-layer structure, and Fig. 3 list the
additional codes in three-tayer structure. From this point of
view we know that the more the layer numbers are | the
more the codes exist. Finally we use an optimal decision



position{ODP) with delay line logic(DLL} to discriminate
the interferers, as shown in Fig, 4. Fig. 4{(a) shows an
example of the antocorrelation function from one group of
the modified prime code sequences without combination,
Fig. 4(b) shows the autocorrelation function with
combination. If the amplitude in Fig. 4(b) is greater than the
cross-correlation amplitude in Fig. 4(c), then the decoder
can work at ceriain values of ODPs and DLL. We propose
the algorithm for designing the multi-hierarchical prime
code architecture and find the optimal decision position
(ODP) for the decoder as shown in Tabig 1L

4. BYSTEM CAPACITY

Total theoretical capacity of the novel architecture
with the combination for Pu=F =T and Ps =P; = 3 iz
calculated in the following sections.

4.1 Parameter Definition

In order to simplify our calculaiion process, we define
some parameters below !

Sm : The total numbers of equip comsecutive m ‘0’

between adjacent 1.

Swam © The total numbers of equip consecutive m *0’
between adjacent 1, and there are n portion equip
m ‘¢ in the certain sequence.

SuiSu = 3 Sam
n

Si2 : The total mumbers of equip consecutive 12 °0°
between adjacent 1.

Sy« . The total sumbers of equip consecutive 11 07
between adjacent 1, and there are only one
portion equip 11 *0° in the certain sequence.

Stiun ¢ The total numbers of equip consecutive 11 °07
between adjacent 1, and there are two portion
equip 11 ‘0’ in the certain sequence.

Sn=8 1 mtSe

Siauz o The total nymbers of equip consecutive 10 QY
between adjacent 1. and there are two portion
equip 10 °07 in the cerlain sequence.

Sinqn - The total numbers of equip consecutive 10 (Y
between adjacent 1, and there are three portion equip
10 °0° in the certain sequence.

8167 S100m + St

So43 @ The total numbers of equip consecutive ¥ °0°
between adjacent 1. and there are three portion
equip 9 0 in the certain sequence.

So.qy - The total numbers of equip consecutive 9 *07 between
adjacent 1, and there are four portion equip 9 ‘0’ in
the certain sequence.

So== Bo.im 1+ oy

4.2 Two Laver
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Two-layer structure in prime number equal to 7 exist
onky in group 3,45 and 6. Fig. 2 shows an instance of the
case. System capacity belong to the case is calculated as
follow :

CTWL;,YW=(S]2X4+S” X3+81ax2+8: % I)ngz
== 1(8()

S127=96;

Su=81.0)+ Snaz= 12

Si10= 80+ S104m= 18;

So =853+ Seqay=24.

where

4.3 Three Layer

Three-layer structure in prime number equal to 7 exist
only in group 3,4 and 5. Fig. 3 shows an instance of the case.
System capacity belong to the case is calculated as follow :

Clivoe Layer = [(P5° X 3)P3* X 3)Sip] + [CF (P X 2)(P5 %
DSiom] + [C2P5 x P X 2)Si0) +
[Cf P57 X DY(PS X DSuca] + [CHPS X DPS
X 1)8o.im]
== ;10935
where Sy =35
Siom=4
Sim=3
Soqsy =13;
Som =4,

4.4 Four Layer

Four-layer structure in prime number equal (o 7 exist
only in group 3 and 4. Sysicm capacity belong to the case is
calculated as follow :

Crou Layer= [(P5” X (P57 X 2)(P3* X 2)8y0] + [(P5" X D(PS’
X IUPST X DSou] + [ CF (P5” X 1P X 1P X
1}5944)]

=34992

31044): 4,

Soay =3
59‘(3) =4,

where

4,5 Five Layer

Five-fayer structure in prime number equal to 7 exist
only in group 3. System capacity belong to the case is
calculated as follow .

Chive Layer™ [{(P3* X DHP27 X (P3PS % 1)Sasq)
= 19683

where  Sg=3;

4.6 Total Capacity
Total system capacity, as illustrate previously, can be



obtain by sum up the result in section4.1 ~ 4.4

CTaml = CTWD Layer + CTh.ree Layer + CFour Layer + CFwe Layer + P72
= 1080 + 10935434992 + 19683 - 49
=60739

After simulation we proposed previously, we find out
that only in the case of two-layer, we reach the capacity of
8.31 among theoretical capacity of 1080, The effective ratio
is about 76,9%. Fig. 5 plot the results compare with those
traditional scheme and theoretical capacity. There are still
other cases : three-layer four-layer and five-laver, are needed
to be verified to find out the real total capacity exactly of this
prime code hierarchical decoder architecture.

5.  CONCLUSION

The novel design using multi-hierarchical prime code
architecture enables the implementation of higher capacity
of decoder. The novel system can increase the decoder
capacity from P* to 1362 X P° theoretically. Now we have
already found out the capacity in the case of two-layer, and
the ratio of success is 76.9%, There may be some failure
groups among the theoretical capacity verified by
simulations. Our future work is to utilize the simylation to
verify all case in this multi-hierarchical decoder architecture
and find out the real capacity of this system,
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Modified Prime Sequence Cedesfor P=3

Group Code Sequences

0 €00=100100100
C0,1=001001001
C02=G10010010

i Cl0=100010001
CLI=01060061100
Cl2=601100010

2 C20=100001019
C2i=001010100
C22=010100001

Table .  Modified Prime code sequence for P=3

Modified Prime Sequence Codes for P=7

Group

Code Sequences

2

Table I}

C0,0=1000000 1060000 F6000U0 1000400 1000000 1000006 1000000
C0,1=0000001 0000081 0000001 G00G00T 0000001 DOGE00T 060000
C8.2=0000010 0000310 D000G10 00000 1E 0000010 COBNDTD Q000G
CO3=0000100 0000130 00600100 0000106 0000100 GOGG100 0C00100
C0,4=0001000 0001000 0001000 GG0TA00 0001000 BOO100G HO01000
C€0,5=0410600 0010000 0010000 0010000 0010060 0030000 0010000
C0,6=01000600 8100000 01000GG 0100000 310000 01000006 $1G0000

CL,0=1000006 0100604 601E000 0001000 GO0G1H0G B000010 HO0M00 1
CI,1=0100000 0016000 00601000 000010 GO0G0T0 00000DT 1066000
C1,2=00100060 0001000 ROGG 100 GO0 T0 Q0000 T 1000000 B106000
C1.3=0501800 0003106 0000013 00H000T 1000000 0100000 0010000
CLA=0000100 0000010 G008001 1000060 51000 (010000 4001000
CL5=0000018 0G00G0T 10000 GLOG0G0 001 000G KA 0G0 0000100
C1,6=0000001 1300GO0 0100600 G0T00M) 00010604 DOB0100 0000010

C€2.0=1000600 0010004 0080103 BOD0S0T 0IB060C0 BOGT1600 00G001 0
C2,1=6030000 0050100 GCC00GT 0100400 DODTCO0 GOCG0TH 0100000
C2,2=0000100 00G00GT 6100000 KGOTH00 DOGOOTO G10GH0G B00IH00
C2,3=0000001 0100000 DOG1000 0000G1T0 0IG00G0 G001004 D000 10
C2.4=01000600 8001006 0060010 0100000 0001 000 J00A510 0100600
C2.3=0001600 8000018 0140008 DOG 1000 B00DA10 0100600 000100G
C2,6=0G00010 0106000 0001005 DOGOOT0 BLO0000 JB01G00 BOGEOTD

C3.0=1000004 0001600 GG00G0T GRIGO0R 050061 G 0160000 06007 08
C3A=0001060 G0O00001 DO10004 BOGOO1G 81 00000 9000160 1000000
{13.2=000000) 0810000 0000G10 0108000 0000100 1000000 0001000
C3,3=0010000 0800610 5100000 GOCOL100 1000000 0001000 0000001
3.4=0080010 01000600 000100 1000000 0001 00G 0G0001 J31H000
C3.5=0100004 GO0G100 1006000 GOG 100G 0000001 6Q10300 (DOC010
3,6=00G0100 1300600 0001000 GO0OG0T 0010000 0000010 O1H6G000

C4.0=1006000 0000160 4100000 060000 0010000 GOGO00T 0001000
Ca,1=00G010¢ 0100600 GO00S1G GOI000T 0000001 001000 1500000
C4,2=0100008 0000610 GCLOG00 HO0GONT 0601600 10G00G0 0300100
C4,3=0000018 0610000 000060 SO0 00 1G00600 G0G0100 0100060
C4,4=001 0004 0000601 0001600 1006006 J000100 ¢LO0000 (300010
C4,5=0000001 0801000 1000000 6000108 010G000 0060010 0610000
©4,6=0001000 1000000 6000100 G10GO0T G00001G 0010000 GR0G001

5,0=1000040 0000010 0G01000 0100000 GGRI0GT GD0G1 00 6010000
C5,1=0006010 0001060 0100000 06000 DGCAT00 0010000 1000000
C3,2=00G1040 0100000 GO0GX01 BO0OL00 001 600G 1000030 G000
C3,3=0100000 0000001 GOOG100 GOT00GO 1000600G 0000010 C0010G0
C5,4=0000001 GOO010C GO10000 1000000 GG0OCED 0001000 0100060
C35,5=0000100 GOI0000 1000000 0000010 GO0 000 0100000 GOC0O0T
C5.6=00100G0 1000000 0000010 0001000 4100000 0000001 G0GGTR0

CEO=1000000 0000661 0000010 H000G100 000 100G 0010000 0100000
C6,1=0000001 6000010 0000100 BOGLOGO BO10000 0100000 1060000
C€6,2=0000C10 0000104 00010060 0010600 01G0000 1000600 0000001
C6,3=0000100 00GI 0600 6010000 0100000 §0G00G0 BOOR00T N0DN010
C6,4=0001000 0010000 0100000 1000000 0OOG0GT 2008010 0000100
C6.5=A010000 0100000 1000000 NG0JR0T 0000010 800B100 0001000
Ci.6=0106000 1000000 0000 0000010 DOROTN0 6001008 0010000

Modified Prime code sequence for P=7
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Fig 1 Multi-Hierarchical Prime Code Structures with Delay Line Logic.

P=3
Coo=100100100
Co1=001001001
Caz=01001G010
P Cre=1000100G01
i C11=010001100
© C12=001160010
Cae=100001010
C21=001010100
Cez=010100001

P=7
Ceo=10 000050620 0010000010000010000010000010000010000¢C

t
3
i

Two layer
PiCeo-Pos=10 100400100 001000001000601000001009001000600100000
PrCsp-Palos=10 £0408010061 0010000010000040000010006040000010G000
PiCeo-PiCoz=10 ¢400419840 001000001000001000001000C010000C1008000
PiCse-P3Cia=410 1060409001 0010060010000030000010006640000010G000
PiCeo-PzC11=10 940009400 0G10000010000010000010000040000C0400000
i PiCso-P:Ci12=10 0011006046 0030000010060010000010000010000G100300
; P7Ces-PaCzo=10 100001048 00100600010000010000010C0001000001900900
PiCso-PaCet=10 DO1610100 0C100000100C0010000010000010000610090¢€C
PiCsp-Palaz=10 010100601 CO010000010000010000010000010000G100000

Fig. 2 Combination from Different P values of Modified Prime Codes (P = P; =7 and Ps = P, =3) to form a two-layer
struciure -~ Multi-Hierarchical Modified Prime Codes.
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p=3
Cor=500100100 p=7
Cor 001001001 Cirtt 000DG00GAA0 (0000100007 0COUCLTOH00160001000010803
Toa=810010010
Cre=100040801
Crr=0%0021130
Cia=008100010
Car=180083017
Cae=061040104
Car=010100901

¥

Thyee layer
st
Priss-Paloa=1 94001E8129 8 5000006001 2188459198 ¢ 10000 0000080
PrCsp-PoCai st B1EA1681989 10000900001 2400919846590 120001000¢( 0000
Prtp-PrCaz =1 S1ER1021960 10000100007 2844310010 & 400001 2000¢0008
Pritsa-Pallio=d 81841581208 10000100001 99048406046 100005000010000
Pren-Pafir=( 314840061808 1000B10C00Y PATHSI (1A 8 10600I10EGDI0GA0
Priso-PaCiz=1 ¢148184180 0 10000100001 95041348108 100001000010000
Prépo-PsCao=1 Q10EEAE1089 10000100007 sasaeigdn 3 tono0iononiondd
Brise-FaCu =1 S10E490186 7 10000100091 5564949188 0 100001000090050
Prlsg-Patz =l $98310€409 6 10000100001 S0SFI059E5 8 100001800840000
Ind
PICSQ-PICOE=1 00010010070 10BLGS0B001 DEALIOQIG0 190C1000010800
PICE0.PICO4=1 00015040010 10000100001 00010010510 1R00010B0010000D
PICS0- P02 =1 000$CGI0UT0 100AD100Q01 DO1001E010000001000010600
BIC50-PICLO=1 000CEE0040 10000100001 0100818000 10000%000010600
PTCE0-#3CH1=1 G0N10CG10046 120060420601 00406011000 199084060010000
PIC50-PICI2=1 00040010010 10000100801 06011400100 (0006100601008
PICS0-P3C20+1 DON10016010 160604100001 01200010160 100001000040000
PIC50-PIC21=1 00010010640 10000100621 000101010088500001000010068
PICSA-PIC22=1 DOA1001000 10000180001 00141000019 1086040060 10000
3
PICS,E- 3080 =1 DB LAO1CD100 10000160007 01504001000 100001000815000
PICHR-PIGEH=1 64500100100 18000100002 00050010010100201000810008
PIES.G-PICEA=1 0C100100100 100D0100001 GO1501005LL 100801600054008
BTC5G-PICOD=% DE1GA$00100 100DE1600A1 A10G01C010 10000 1000010008
PTCS0-PICOS =1 0G108105100 40006100061 00180511000 100801000010408
PICS0-PICOA=1 00100908180 10000100001 00041000108 1000010300010000
PICS0-PICO=1 60100190180 1000L50G0C1 0300010108 10000100001000¢

PTCSG-P3CA0=1 90148100180 100CCT0GIC] 00010151600 10000405001080¢0 i
PICSO-PICE0=1 401406100100 10000100001 20127020010 10000%00001900D i
h |

PICHA-PICH0=1 B2010G1A016 10000100601 91001001000 $80061000010080 .
PICAG-P3C0I=1 00010015010 10008100801 90015910010 £00001000010000 i
3

i

PICS3-P3CE0=1 G0G10010010 10000100601 40105100180 §0800100E0100¢C4
PICSL-PICOG =1 GOA10010G10 10080100001 41800100910 100001200G10000
FIC50-PICC0=1 COOI0G1004C 10000180001 00100011060 100001030010000 4
FICSG-PUC0=¢ GROI00I085C 100001C0D01000I000TRR 1000010200080000 $
FICS5-PICCA=1 DGO10C10870 10000100001 6100081 0400 100061000042008 i
PC50-P3C00=4 DGB10610010 10008100081 200101010808 1000010000§0008 s
PICS0-P3CHA=% 0DEIC010010 TDOOBI0G001 011000816 100001000010008 z
1
i

Hh

PICSG-P3COG=1 G01Q081500E 10840108001 8120108(400100005000010000

§41000t3500¢ 10000190001 0E0100104¢0 100007000010000

0100011008 10000100001 00500100100 100007900014000

20100011008 19000190801 01000100050 140021000013000

3095001400 10000100001 00100211060 (00081200010068 H

60160011000 10000100601 0001000100 7650¢1000010064 g

0010001§000 10000160004 01800010100 FRCaD100001000T 1

00480019000 18000140601 00012101460 1009D4000818000 % .

BIC50-PICOA=4 DCE0OQIIR00 100051 C0051 00101000010 1000018000184000
fth

PIC50-P3C0,0=% 00811490188 10606108001 0%081001008 100801000010008

0011600100 10008100001 00010010012 403050100001060¢

FHCEG - P3G, 40211040100 10000100004 60100100100 100003080010040
P75 - P3CD. 00011800100 19000140001 C1000500040100007060010000
PIGS0-P3C00=1 00011000400 10000100001 00506011000 180001082318080

PIC50.PICA0=1 DO0E1006700 10080100001 00041000100 160001002210080
Q803050100 10000400204 01000040100 100401000010000
000110E0190 1800100001 00040101000 500201000010000
00011400108 18000160001 00104008040100807000C404400
h
PICSG-P3C0G=% 010606810109 10000500001 01001 001000100001000010880
FIC50-P3C0,0=1 61600840100 10000100001 00014001081¢10006%000010040
PICS0-FIR00=1 01800C40100 10000100001 08100186100 102001000010008

P58 PICY 2410000610400 10000100001 0150000030 1800010E0010000
ATCS0 - PG 91000018100 10000100691 00106g11000 100001000010080
PICES - PICY G10G90156100 (0000100001 00011000100 ¢DEAD10000100D0

PICEA-PIC00=1 01090610100 1000010008 01000010144 $60001000010060
PICSO-PICE0=Y 01960010106 16000410ODCT DUCT0O101060 100001000010000
PICS0-PICEA=1 04000010100 10E08100001 00101000018 100031000810008
Bth
PICEN-PICOLx T 00810101008 10040400001 21003001600 100001000010040
PTCSS-PICA0~1 40010101400 10080100001 BREIC010GT0 160081008010000
PIC50-PICO0=1 G0C10101500 10000100601 00100400100 1600010400010080
PICEA. PAC0S=1 CO0I0401000 10460100001 01008100010 10000100085000D
PICSE-PICA0=Y DEO1Q107I000 160010000 00100011000 1000041000010004
BICSE-FICE0=1 DBA10404000 10008400001 80011600400100001€¢00010000
FICS6-F3C00=¢ 0DO1CI040AR 10006500001 CI0L0CI0100 100505¢00010800
PICSD-#3C0B=¢ 00010104000 {0500100004 00010101000 100001000910000
OILA0-PIC0L=4 00010101000 10000400001 0C+41080010300001400010000
o
P7GS0-PICA0=1 00105000014 1008016002 41281001000 t0E00400001688D
PIGS0-P3000.1 00521000810 10000460003 00010018010 0000150081 0400¢
PICSL-PICCO=1 OL1G10000t4 10000400001 Q0150106400 100804000050000
PTCS.G-PICOA=1 GG401060010 $6R0GHDO00Y G100C100010 1000R1000010000 1

PTC50-PICO0=4 0010700010 10006100001 G21C0011600100001000010080
PICS0-PICA0=4 GO1015000¢L0 10000100003 00051000400 {080010000810860
PI654.PI000=1 Q104000050 10000100601 01008010160 10¢001000010000
PICS0-FICO0=1 00101000810 10000180001 5ADLR101000 10000180001000¢C
PIGS0-PICE0=¢ DEID1000010 10000400001 00101000040 100801040040080

Fig. 3 Combination from Different P values of Modified Prime Codes (P = P, =7 and Pg = P; =3) to form a three-layer
structure - Multi-Hierarchical Modified Prime Codes.
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20 T Fig. 4 {a) A plot of autocorrelation function of P=7,Cs0
100 = before combination. ( b ) A plot of autocorrelation function
03 7 e 3 s 19 7 of P=7,C; o-P=3,Cq after combination, (¢ ) A plot of cross-
) correlation function of P=7, Gy, - P=3, Cogand P=7, Ce, -
Prime Number P=3, (;; .After simulation we find out that at bit
o Asyn LDMA - = SICDMA o Two Layer 14,20.26,32, the amplitude in ( b ) are greater than { ¢ ),

. . . . . , thus we finish one example of our decoder design.
Fig. 3 A comparison in capacity with various scheme. P oder desig
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