CHAPTER 2

CODE SEQUENCES FOR RANDOM MULTIPLE ACCESS

As discus he basic transmission

scheme of RMA sys on of each binary bit
symbols. For a given
lly is very large, the
system performanc (L8 tfi; ‘ ected by the sequence

parameters, d the number of

overlapping symhbol:

b
to construct allarge number of code sequences for a given

length witﬂ %m%l&}vw %Wrglqaﬂ ng symbols allowed

between any pnir of sequefces.
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The difference sets are particularly useful to provide
the solution to the problem. We can easily obtain the solution
by matching the structure of the sets to the physical

parameters of the problem as follows:



Parameter Code Sequence = = Difference Set
M -Sequence length —Numbef of distinct

(symbols/sequence) positive integer in the set

v =Total number of -Maximum value of pairwise

symbols

, .“ - ces of all M integers
X -Number of o &f times that the

symbols al 5 Eetween any two

between any n the set appear

of sequenc

Two typegnof difference sets, Euglldean Geometry (EG)

Difference ﬂuﬁlw E‘}:ﬁcﬁiw Hoqeﬂ ‘j{PG} Difference

AR R

gennratlon and the proof of the algorithms

and they can be found in {Baunert; 19 ﬁ,ii-ah,

(Mann, 1965), (Raghavarao, 1971), anfa (Wa, 1984).
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The following properties are common to all difference
sets {D}.(Wu, 1984) (Baumert, 1971)
If {D} = {do,dy,.+.,dy-1)} with parameters V,M,X then

A) for any positive integer § % 0 ( mod V ), which

is not necessary an el
{2-1)
has X solution p

B) {Dy} = /
ey A\
with i = 0,1,2, .4 Al ="

dy in (D}

+i} (med V) (2-2)

)
is also a differencels n.. S Am

i &
1 !“

oy

apeters as {D}.

‘e 'ﬂl"!“

LRI ,w v

g -

)
The fo y"-’i- £ tisfied for PG set

as a result from Eq (2-1). {ﬂu, 1984 )(Baumert, 1971)

ufﬂwqmmwmm

When Xll, each sequence céin be deriﬂed from {ﬁr as followed

ARANNIUA RTINS Y

Su =
Sl = .du+1|d1+1|1!1d]|-1+1 :Ilmd ‘!’
S; = d'+2’dl+2l"!dﬁ"1+2 IIOd v

Sy-1= do+(M-1),d;+(H-1),.,dy-1 +(M-1) mod V
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Table of some PG sets,{D,}, from (Baumert, 1971), are
shown in Appendix A. As can be observed that there exists an
infinite number of difference sets with X = 1 but for every
X > 1, there exists only a finite number of difference sets.

For example, if we want to sequences with M = 6 symbols

é)e can utilize (D} =
.-J

{1,5,11,24,25,27} but _there is ne (D] available with X > 1

\\\\

sequences for t _é;‘f*-¢'? own 1' Appendix B.1.

in each sequence,

for the same val = 5, there are two

difference sets silable. All usable

ion for {De} is:

M(M-1) <.mw-1

ﬂﬂﬂ’mﬂﬂ‘ﬁ?ﬂﬂ’m‘i

Equation (244) is an inequalltr which has to he held among

e R B SRR ) AR et e

sequences which can be derived from {D,} in the special case

(2-4)

when X = 1 and V = M? where M is a prime or prime power (Wu,

1984).
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n

1 = dgtl,d #1,.,d, +1 mod(MZ-1)

mod ( M2-1)

Su? = O(M+1)+1,1 ISUES (M-2) (M#1)+1,4°-1

Sui1= 2,1(M+1)+2

An ;i’—_‘—___{:’ from a {D.} are
shown in ﬁppendigB.E. m

AugiIneningins
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distinct positive integers such that the pairwise differences
of all M integers appear exactly X times and from the

properties of difference sets described in the previous

12
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section, we can derive the number of usable sequences (L) as
followed:

The total number of different pairs of symbols available from

all V symbols is ?ig-ll ' (2-5)

The total number of digl;xfﬁ Wps of symbols in a sequence

of M symbols is {2-6)
When there is on ne’ sy o erlapping between any two
sequences, the tota mper, of ‘usable seguences can be written
as L = (2-7)
When every V(V-1)/2 paifs‘is <} | among X sequences,
we have

L &4 (2-8)

g

AULARENTNEING oo
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from Eqs.(2-8) and (2-9), when X > 0 we have

Iy & SV (2-10)

When X = 1, L, = M(M-1) + 1 (2-11)
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For EG Sets, from Eq.(2-4)

; BT V= (2-12)

The total number of usable sequences = L

From Eqs.(2-8) and (2-12), when X » 0 we have

L % ' ”/—/z (2-13)
In the 37 - : ~ 7 rime nun;:-er or prime

(2-14)

Complete orthbggaais - among the set of sequences, the
case when X = laximum cross-correlation
property and thjéff: fid ";j-f error. However,
such complete oréﬁoguna ity also mltsﬂﬂhe number of usable

sequences cﬂ ﬂ:ﬁﬁ ﬂﬂﬂﬁ.{w-ﬂﬁ ﬁ.jnunber of code

sequence we @llow one or more overlapp1ng smbol between any
o <R BRTI I T WHAFNEIA Y

Table 2.1 shows some examples of number of sequences,
each of which contains M symbols, which can be constructed

from V symbols when X = 1.
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M Number of Symbols Number of Sequences
Vo = M(M-1)+1 | V, = ¥? L, =V, | Ly = M(M+1)

3 ) 7 9 7 12

4 13 ‘16 13 20

5 21 25 21 30

6 31 31 #

8 57 57 T2

9 73 ., 13 90

17 273

-

30 871

) \ 306
(;? ”n 71 :
9,506

\ /507 :

# No EG Set available w}y =_'; 5t a prime or prime power

97 #7

98 9,507

..w Segquences

or Sequence Length from 3 to 98

AU INENINEINT
ARSI Ty

length 8f sequence and allowing only one overlapping symbol,
EG set always requires more number of symbols(V) than PG set

and provides more number of usable sequences.

016376
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Due to the availability of the difference sets when

X>1 (Baumert, 1971)(Wu, 1984), from now on we will limit the

re is a parameter R

\\

which will effect ? mance. R is defined as

W\

or R = ' mbols from all sequences, including

the number of se e symbol

.otal number of symbols
A;ﬁ‘

-
0L SE ,__v.l—jﬁ

y T *F i

ﬂﬂ_ﬂﬂ]ﬂﬂﬂﬁﬂﬂl’]ﬂ‘i (2-15)
( wnefl wmgnmum'mma d

In the case of PG set, substituting the result in
Eq.(2-10) into (2-15) we have

Rp - M {2"15]
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For EG set, we substitute Eq.(2-14) into Eq.(2-15) to obtain

= M+l (2-17)

At this point, +111) to relate the seguence

arlier in Chapter 1.
: ha

Ve

‘VP = M(M- (2-18)
= 2 i
Vv, = M (2-19)
Total available symbolls £i6u LAETF metrix is T *F
where the parameters Ty and, _} as defined in Chapter 1.

v,

g2

In ordeﬁ to™

o
n ugt@ symbols for the

cunstruct.tnﬁ ﬁ gﬁ-% Ej‘bn%‘w b

EG set, M2 (2-20)

i setawﬁ*’fam,mumwmaa

As the total number of symbols required in many PG set

(Appendix A) are odd numbers, there will be situations when
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V., = T,F + 1

]
or : V. =2 TF=1
In other word, one, of ‘the. V. code symbols is not an

entry in the TF mat CahJE sed to construct code

sequences. The -T’“"’T wi a zero level signal
to represent this-sRddif icns symbol. But in the latter case,

there will be an unufed Symbol ¥in the ix.

AU INENTNEINS
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