CHAPTER 3

SYSTEM MODEL AND SYSTEM ANALYSIS

The basi b \\ e of a RMA system is the
I ‘,\ o & set of time-frequency

(TF) symbols. e sequence which is

uniquely assigned The receiver ‘of the
system, then, perfnrm" -1" rse transformation from a
= _,.»f.iu

sequence of s u = 1s ding binary bit.

The prno‘m‘lures for RMA code sequmce generation, which

utilizing ﬁﬁﬁﬁwﬁﬂﬁl Er-qﬂ?e Set {De} and

Projective geometr:r (PG) pifference Set {(Dp}., w re presented

in cntpelt 3 6NT1 I L 3»11’1'1’37]8'1&1 d

Our main interest in this chapter is in the

application of the RMA code sequences, the system model as
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well as the analysis of the interaction between RMA signals
in a multiple access transmission environment. The multiple
access interference (MAI) and the channel noise in this

proposed RMA system is modeled as an additive white Gaussian

: equal to the MAI variance

this chapter, a ' nal fljs tie (SNR) at the
output of each ¢

thresheold compar

Part of the nalysis in the next two

sections have & Spread Spectrum

Multiple Access _5' (Pursley, IETT}-

ggnderson, and Wintz,

1969), and ﬂ:%ﬂ ﬁ}%ﬂ%ﬁ%ﬂqlﬁis because users

AR S AT

cochannel interference is dominated noise.

|
(Pursley, Garber,” nnd Lenhnert, 193&],
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A mndel_ for a RMA transmission system is presented
in Figure 3.1. The L active users simultaneously transmit

through the satellite tr

to L receivers. Each RMA
transmitter contains generators (FG), a set
of delay units, bip sembler. Assume that
each transmitter there is only one

overlapping symbo ' - two nces (X=1).

The # k us | data e b ( : a sequence of unit

amplitude, ctangular pulse of
duration T. g2ned a RMA code sequence,
which contains ﬁa’ b ch of it'’s binary

i
proper delay by thq’&elay unit represent .a symbol in the

wiss el TR Tt - RN
mﬂwmim SRR Ty

~such F@ and delay wunits depends on the number of

information bit. 3& aﬁ’ier frequency with

symbols/sequence (M). After passing through the assembler,
the corresponding code sequence 5,(t) is formed for

transmission. The remaining (L - 1) transmitters are
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identical to the # k transmitter except that different FG and
delay units are used to generate different code sequence for

each of the transmitter.

At the receiving end, the corresponding FG and delay

encoding process fre T

units, and correlation. used to reverse the

1gna1 W(t). The total
output from all H( 4500
will include the ddd ' \\\ annel noise n(t), and

s. The recovery of

of any #k user (C.)

the data bit b, i t \5 wld comparator which
provides at T inte ‘ n '”" put state, depending on

' i ’ ' . .
whether C, is larger or- ler than zero. All notations in

the RMA system mp« e Aowed:

b (t) = E k,sPrlt=J where b :{ 1, 1} (3-1)

y ﬂuﬁ%mmwmm
AREInANgI8Y .,

Bk_ = random phase shift of the 4o carrier at the # k user

pPL(t)

_?':z)u i

t = time delay cause by delay unit ( t, = tortys-eent,,,)
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Ty = channel delay between desired receiver ( # i) and
transmitter # k which includes the differences in
propagation delay and message start time.

Sxlt) = transmitted signals from # k user

n(t) = channel noise process yhich is assumed to be an
additive s with spectral density
No/2 and

L = total numbel ;” -7‘:3, or sequences )

W(t) = received

= isktt- (3-2)

—

Zx,n(t) = input signe ‘;7‘-ﬁ75 clation receiver # n

(n e # k user
Ck,n = outputiSignal from the ¥ ;u receiver of the

X )

# k usia_

= carrier n‘ itude

AN 1N )
Q W"I”ﬂ’ﬂﬂ‘im PTIIHIA Y
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Figure 3.2 illustrates a RMA transmission system which

involves 12 users ( L = 12 ). A unique code sequence of length

3 is assigned to ever; " /a8 yshown in Table 3.1. The
sequence parameters Mle 3.1 are listed as

followed: M = | 'sequencey;.. k sequences, X = 1

symbol, and Le

_ \ entry in a discrete
time-frequency matrix n‘;@ 7 . examples, symbol "6"
is represented by frequ = _' i time-delay t, , symbol i

is represented M uency 'f. _' e fdelay t,. The data

-
‘I.

A :
signal b,(t) of the nito sequence {1 6 7}

i
while sequence {3 47 8} is represented data signal b, (t) of

the # 12 usﬂumwﬂmwmm

QW’iMﬂimﬁﬁﬁﬁﬂmaﬂ

2 270
3 3 o1l

4 412
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# User Sequence
5 52 3
6 6 3 4

.'EI i
AUEINBNINLINT
Vgt Nl by gled (HREE

where Tq can be defined as number of cochannel symbols
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From Fig.3.2, the transmitted signal from # 1 user can

be written as

5,(t)="P b, {t}!cns (o, (t-t,)+0,]

+ cos [w,(t-t, 0] + H1 {t—t 2)+9© u]i
signal from # 2 u§'

S,(t)= Eha{t} cos

+ cos [w, (L=,

signal from # 12 s

Sp(t)="F bﬂ{t}!cus 2,
+ cos [w, (t-t = e A ‘ i )+ 8, ]E

Thus, the rEﬂ'Ef.Ed S1ENE q.{ﬂzl can be written as

ro-Eagr im0 NSNS

= & b, {t-m))dcos [u, (t5t,) = (9,7-0,4)]
qm’lﬁ ajtwqu%mﬂmlgwm 31.1)]}

+ Ehz[t-—ﬁ]icu: [we (t—ty) — (wgTa— 824)1

- +'cos [wa(t —ty) = (0T =855)] +cos [0 (t-t,) = (9,7,=05)] i
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4 VF byp(t-m)feos [0g (t-)) = (96T = 8za)]
+ cos [wy (t=t;) = (@ Ta=6p5y) ] +cos [wa(t=tp) - (& Ty = 6155) ] i

+n () | | (3-3)

The input signal t¢ -gt correlation receiver of

the # 1 user is giw

fos w, (t-t,)

and the output 1 on receiver of the #

1 user is

(3-4)

ﬂuﬂ mmmw&m Bve shuse/auites
) A SNIRTDE e M1

i user wil hnve 8, TeLT and 0£6, . L27

LE t ‘h‘-

for kfi. In this particular example, we let i=1. Therefore,

©, =0, T; =0 and ¢, = 0.
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If by,.; and by,o are two consecutive binary data (+1
or -1) of # k user, currently transmitting during the period

T, then
Jb(t-g)dt -_f‘ - ¢ b, (t— 7 )dt

(3-5)

(3-6)

where by, is of #i user.

It is sho .1 that the output from the

first correlatio cexver of ser becomes

cu="2 B,(1)+/B(t)ex

Ffﬂ%ﬁ‘ﬂﬁm’%‘w?ﬁﬁ‘ﬁ‘

+B, (Wecos [w, (t,— ,}}+ Bet-re}‘ms [¢,,+w,(t i.II

R BRI Hﬂﬁ*&l (tt4))

+B4(n)ms [ @+ 0 (t,=ty)]+Be(7) cos [¢g,+ w,(t,~t,)]
+B,(%)cos [¢,,+ w, (t,~ty)]+By(%) cos[ég,+ w,(t,-ty)] ;

(3-7)
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The desired symbol at the # 1 receiver of the first
user is symbol "1" (represented by (fi1,te)), which is

transmitted from the same user, and will result in recovery

of the data signal bj(t) at the output of the # 1 receiver.
However, there are inte

\\“ nals from other users who
" aad 4&!19 share those symbols

——

share the same sy

time-delay. Hen

Ci,1 =

amaﬂmmummmaa

The user (i=1,2,...+4L) has receiver # n
(n=1,2,...,M) designed to match the symbol which represented
by {fu,f.]. Hence, the output from this receiver will be as

derived in the previous section.
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Ci,n = [ desired signal from # i user ] + [ channel noise ]

+ [ MAI signals]

or

Ciin = JP B, (T)+,/ n(t)cos v, (t—t_)dt
2

L

L .
+ )Y Y B.(rdfc .
R (3-8)
N
where ﬁ = any simu

ares the desired symbol

=,
n

any :._?-. 1S user ‘-" the symbnl {fu:tp]'
which® et equency (fy) as the

‘ h’l

desired‘pymbnl but hns different time delay

AUYINYNINYINT

. ARSI NENAY .. .

un1form17 distr1buted on the interval [0,2T ]

. Therefore,

Elcos ¢, ,] = 0 (3-9)

where E[.] is the expectation operator.
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bx,3y is also a random variable independent to’ &x,u,
which takes on the value +1 or -1 with equal probability.
Becnusﬁ of the symmetry involved, we need to consider only

bi,y = 1. Hence, from Eq.(3-8) and (3-9) the mean of Cy,5 can

= 1 as

(3-10)

o mean and spectral

\\\

os Wy(t-te }dt}z]

Because the chann

density No/2, its 3

\fnr[_f‘n{t]cus Wyl

(3-11)

d

The chanﬂ lm-access interference

components are mutually independent, thus, the noise-cross-

v LYWL DEVIMEILS. v
ﬂ'ﬂ"ﬂ MTT‘SWW TINYIAY

vur{61,“] = Var[MAI] + Var[channel noise]

= Var(Qi.a] + Var(Xi,a] + NoT/4 : " (3-12)
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where

Q. = %EHE{TE}M: Q.i“ I (3-13)

xu-E"f'_ (rdeosbeatoulty= )] (310

Q)

From Egs.f(d=8]),13-13) @4} we find that the

mean of all uan | components are zero.
- ‘

EIQ!,I
Thus,
Var[Qi,n (3-15)

Var[Xi,n] = JBl(EECTY | (3-16)

2
Appendix C.2 -and of E[(Qi,n) ] and

E[(Xi,n)") V
Tl
J

R ’i"*w‘ém‘%’wmm
ammm‘mummmay

Var(Xs,n] = BT E'R, aits) (3-18)
12 yﬂ-
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~ o~
where Ry . a total number of k users, O0¢Ry,aS¢R-1

total number of E users, D{ﬁl.,sﬂ

R':I..n(tp]

Generally, the TF matrix is a rectangular or square

ﬂﬂ.t-!.‘ix‘ thertfﬂrﬂ [ y ¢ % "-‘:;i."-u_ tl } = LR = R‘; » mn ( t-lx} =

Ri.n, then Eq.(3-18)
Var[X, H) Ri: (3-19)

where T4 = TF matrix

By utilizing Eq -19) we can derive the

signal-to-noise the output of each

correlation re 4
X |

I‘l
SNR; , = ) R eared sigid)
J vhgi nce of the nise component of C,

ﬂummmwmm

émé&“ﬁmumawma g .
sm'" 3 in‘t‘ﬁl.. +Pnr"':.4m-m + M%m

12 4
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Finally, we have the simplified expression for the SNR

at the output of #i user’'s correlation receiver # n as

SNRy,n = I.L_[ﬁ;... + Ri,n(Ta-1)] + No i'”’ (3-20)
3 2Ep

where Ep = PT is the

dé%gEEEFa bit
_‘_
The ideal case en lv #9i user is actived, which

will reduce Eg.

max . [SNRy,n] (3-21)

If the statistic ie simt ous are known, then

R and R are also kn'*;*mgﬁ;f : substituted into Eq.(3-20).
_ At

4|

U

sequence length (M)

and the total number of users (L) as followed:

ﬂ‘lJEI’WIEWliWH’]ﬂ‘i
R st

Thus, Ly = Rp(Rp-1) + 1 (3-22)

EG Set, from Eq.(2-17) Re = M+l

from Eq.(2-14), Le M(M+1)



35
Hence, Le = Rel(Re-1) (3-23)

Since each correlation receiver is performing
independently, the total SNR from all M correlation receiver,

which is alsufthe SNR at

threshold comparator input, can

be derived as follo

SNRy

eshold comparator input

|l
_E:?".l -llﬁ !‘- *...

Ely

YD
PN

1]

||'I;
i
-

=]

K
oo

(3-24)

ﬂ"u‘ﬂqwmwmmhotu rms desired

signal at the thresholdgcomparator input as 4, 4P T

RANTUNAINGIAET

total rms desired signal = M/P T (3-25)
2

4031003
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®
From Eq.(3-12), we have that
Var(Cy,n] = Var(Qi,n) + Var(X;,,] + Var[channal noise]
Recall that the output from each correlation receiver
g
L 4

"‘“‘“‘“““ﬁﬁﬁﬁ%’ﬂ‘ﬁ%’ﬂﬁﬁ?*ﬁ i
ama\ammummmaﬂ

Finally, we will be able to obtain an expression for
the SNR; at the input of threshold comparater by substituting

Eq.(3-27) and (3-25) into Eq.(3-24)
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T
KP =
SNR, = gt
| . T T
T [BRard Srucn] - B
Yim
1
E g 2 172
—
g 1/2
SNR; = (3-28)
5
where Uy = Jcfia+ 3 5 B fr.t =5 (3-29)

m |
W71k ) 1T R
= RAFFIATUURATN G e

Egs.(3-28)and (3-30) shows that SNR;,, depends on
number of simultaneous users, sequence length, the energy per

data bit and the design of TF matrix which determines total
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numbers and wvalues of time-delay units associated with any
carrier frequency. Thus, in order to obtain a good system
performance for a given energy per data bit, we have to

optimize sequence parameters and the TF matrix. This is the

AULINENINYINT
AN TUUM AN
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Figure 2. 12 Users RMA Transmission System
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