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CHAPTER 4

SYSTEM PERFORMANCE 'AND SYSTEM DESIGN

tro

In Chapief 3 &é/presente analyzed the RMA

V ‘ RHA code sequences

ession for the

been derived. In this

chapter a simple de: "; ,g? , average SNR and the
= !

probability Qf I o ine the performance of
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diffi%ult. Instead , an approximation is used, based on the

assumption that all noise is additive white Gaussian noise and

large number of users are involved. The system is operating
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in the environment where there are strong interfering signals,
hence, the system performance is not sensitive to the
variation in the thermal noise. Consequently, allowing the use

of very large number of small aperture terminals for both

, i T A
channel noise, : ‘{fa;rﬂ..n’x interference (MAI).
This MAI is caused =ous users whose seguence

symbols are rep rrier frequencies as the

desired Bymhaln.ﬁﬂn-rn :Vﬂannal symbols for

jgﬂdelay units in the

e GUE ANENTNYINT
Q‘W’Tﬁ‘ﬁ’ﬂ“ﬁfﬂiﬁf’m‘?ﬂ’ﬁlﬂ S -

cnnpara or input, which is the summation of all the output'’s

| 2
each carrier is ;Qmply the number of ti

from M correlation receivers, is given by Eq.(3-28) as
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sNRy = [ u ; i
1Ug + "“J
M 2Ep
A O
where Uy = 2!’11,.: + L Ry,n(Ta-1)

:‘7

statistic of t

ulated only when the

own at a particular

.

users are simultan 1y tran: :\-;.tmgn we have

time for a partic

TF matrix . If w etfnrmanne. i.e. all

) ﬁ”‘iwﬁlwﬁ’wiﬁﬁ‘ﬁ
ammnmﬁﬁﬁ’nwmaa

From Egs.(4-1) and (2-16), the maximum MAI for the

(4-1)

system which utilized PG set is

le-{U;]rg = H{HT&“l} {4—2}
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From Eqs.(4-1) and (2-17), similar result is given for

the case of EG set as

max.(Ujlge = MI(HM+1)Ta-1] - (4-3)

In order to si ‘ ; ions, we define SNR = SHNR;

The avéfllg-"#‘ - m FJ“*:‘:ccess interference and

consequently th ‘ F ise ratic which is useful for
preliminary sys - i8N f" ?f1= tistic of each user is
ars and TF matrix are

known, can be ex

(4-4)

where U = a + aag (4-5)

ﬂUﬂ’JVlEW]‘ﬁWEI’Iﬂ‘E

Thé! parameters a?nd d are t.he part of HAI of any user

AR RIATRUBIRBAAY v oo

s1nu1tsnenus user accordingly.
a8 = average number of designated user cochannel

symbols ( Oga¢M)
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d = average number of cochannel symbols between
designated user and any other user (0g¢d<M)
¢ = total number of simultaneous users (0¢c<L)
Both a and d_ 1 ) ssed in term of sequence
length, as follow
a= (4-6)
d = max. 3 '\ (4-T7)
Paramet i b C Ane 1 symbols-to-sequence
symbols ratio, ¢
y = average[ nu inoer _  henonel symbols in a seguence)
- ' néi in that sequence
Vi
When all useréﬂlre a 1 uniuqaly, we have
'F’fﬁfti"j fIEUNINYINT

Y
or s et se uénces, substituting Bgs.(2-11) and

7ol avshafdnIIngIag

(d)pe =  _M(MTq-1) - yM %
[M(M-1) + 1] - 1

5

(4-9)
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For EG set sequences, similar result can be given by

substituting Egqs.(2-14) and (4-3) into Eq.(4-7)

(d)ee = MO(M$1)Ty - 1] - 34 | (4-10)

Due to th | &ence length is normally

o ——

much greater ( O DA he “application in a RMA

transmission syst ' 9 reduce to

d = (4-11)

From Egs. (4 £ e 1), we have the following
result for bo_th cases of 'di ﬁ > sets

AR _ “ (4-12)

M.,IIM“WW %’W‘Eﬁ’m’i’ ¢ v

sired expression

AN imyminmaﬂ e

1 [FHM+cTq) +
M 2Ey




47
In terms of energy per data bit, SNR can be expressed as
1/2
SNR = | M (4-14)
s + 1

(Ell‘fﬁnjm {Eb/Hn}th.

E
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.

‘—-—’E-ib

/channel thermal noise density

TR AN

(4-15)
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iple-access-interference

or (59 =
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interfefence noise and channel noise, a data bit error occurs
at the threshold comparator output when the integrated
amplitude of the noise is larger than the integrated amplitude

of the desired signal in the opposite direction.



The threshold comparator provides, at T intervals, a

+1 or -1 output state, depending on whether C;, is larger or

smaller than zero,

respectively. Therefore, the probability

of error is given by

, + P[C, (4-18)
L

where P[C.>0/b,= - iaving sampled C;

‘0, given that a -1
: \\;\\lﬂltted
m‘f
For equa-probable signe in Chapter 3, Eq.(4-16)
becomes
Pe = 0.5 ‘1! +1] }
’ or Pe =

0.5 P{}tntal noise at the sampling instant)

A w*ae%mw B Foting smstant
e SEANIDIUUNINHINL... o

Pe = Q[SNR] (4-17)

From here on, we will denote SNR as SNR and ¥ as y.




49
where- 5
-x /2
Q(SNR) = Wl a dx
”fﬂ'i-

When SNR>4, Q(SNR) can be approximated by

Q(X)

In gengfaly the error probability will not be exactly
Q@(SNR) but th i Sally a \\ od approximation for
practical larg yst o —ef jwhi \. aussian approximation
for MAI can be ass \

The QESHR) function is tabulabda)in Appendix D
SRR tunoy %
(Table D.1). 'lﬁ ske shows the probability of

error (Pe) as a function of SHR in the frequently interested

onse o iy W EL A BEINIIWRN
RARIAIAY I VLA s o

probability of error of the RMA system depends on the

following parameters:
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- sequence length (M)
- user’s cochannel symbols-to-sequence symbols
ratio (y)

- number of simultan

users (c)

- number of tim TF matrix

- {#hbel-thermal-noise density ratio

# [j..-
““x:r )
Numerical Results f = :t;u,;h

.H _‘rr
Sk, 10
Note that the W i, ¥ and T, depend on the

structure of 1:. & seque the aiga—af
v—— )
the (E,/N,),, ““ﬂ L om ﬁ'ﬁe link budget

parameters, such a8 Agransmittedgcarrier power, bit rate, etc.

rasten 1n ARloME) mam AN ELM) 3 che cvaroatson
of thﬁﬁﬁxﬂwﬂ?-m Wﬁf?ﬂ Erara ﬂ these five

parameters. The results in all 15 tables are prlotted in

he TF matrix, but

Figure E.1 to E.12. It is of interest to know how the system
will perform when the number of simultaneous users are

varying, as this is the only parameter which can not be
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®
predetermined or fixed due to the random access nature of the
system. Thus, the graphs in Appendix E are of Pe versus c for
different values of M, ¥, T, and (Ey/N,)ep. -

Our objective is to keep the value of (E /N ), to a
minimum as the higher ‘#// result in higher uplink
carrier power, or l: ' e received station or

— -
* a reduced data rafgf————r iscussion on this issue can be

found in the next
stations have the Z = g\ ncrease in energy per
data bit from the
MAI. Therefore, | ) fect on the Pe as we
can observe in Figs.{E.f | S £.8) and (E.10). The Pe is
also not sensit'.;_i"ﬂa to th&.- Sk afieter y as shown in

)

the plots in Figs.(E.5), y,—and (E.11). On the

contrary, Figs.(E. y.'l (B.2): LEs 3) and (E.12) demonstrate that

the soauenc 1 dsf3 ARYNTHYIDS. srmoere 12 0
zp*:n.ﬁm a Eﬁ ﬁ,ﬁ?ﬁ EI ﬁré}slespeciany

number of simultaneous users are ively very

small compared to the total number of users.

The sequence length will determine the size of the
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system as derived in Chapter 2 [(Egs.(2-11) and (2-14)]

EG set, L

M(M+1)

PG set, L

5 M({M-1) + 1

Examples in Appendix E are for sequences of length 59,

97, 107, 127, and 169 w constructed from EG sets.

‘ i&ﬂlculatad as followed:

The corresponding n

Sequence Lepgt vl ‘ “ kx\\lm... of Users (L,)
59 \

97

Table 4.1 Tﬁal Vumb Sers ur@ach Sequence Length

mﬂ%mmmwmm

QW’WMﬂim URIAINYA Y

or Preliminary system design it is useful to be able
to carry out a tradeoff between the parameters M, Ty, and c
as they all have significant effect on Pe. Such a tradeoff can

be based on the Eq.(4-18) as followed:
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From Egs.(4-13) and (4-17), we can express Pe as

Pe = q([ u ]m) (4-18)

Given y = 0.2, ="042 dB, Eq.(* 8) becomes

]m) (4-19)
477

The effects of—thes hree parameters can be

Pe

summarized as fellowed

it g ﬁﬁﬁ:ﬂwﬁw &) S} Eancous users, we

have to incfyase the sequence lﬂﬂEﬁﬂliﬂ order 39 improve the

syseentpeitotdghtd b blasalel e ki &) The 4.2

M (symbols/sequence) Pe

289 5.95E-09

169 6.T1E-06
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M (symbols/sequence) Pe

121 8.00E-05 '
107 2.65E-04

97 4.TZE-U4 

users is expected to
transmit simultaneocu ‘ ind that smaller size system
will have a u-;;;r—na—-u-wﬁu- cha hel bigger one. This can

V.
be observed fr!ﬂ C

users - Pe

83,810 | 84 o  T1-4E-04
quﬁﬂﬂﬁ AN13NE 2.56-05
16,256 16 1.7E-06
11,556 12  6.38-07
9,506 10 . 2.9E-07
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Total users | ¢ = 0.001% of Total users Pe

Table 4.3 Pe for Different System Size

When Fixed Percentage of

.001% of L), and Ta= M

stem is dominated by
cochannel inte an im _ system performance

. In other words, we

. total number of symbe;w fF. ) can remain constant.
.-'.'- - = 4

-ﬂ.-*!‘ﬁ_ﬁ?" 3 o}

reduce the Probnblllt]’ of errnr by mcreasing the carrier

frequency.ﬂ uhg ’3’ 'ﬂ@:ﬂ‘ﬁpﬂ qu ﬂq‘%nces are derived

from a EG set. hence, T4%F = M° «When the TF matrix is a

CY NPT E AR TET Y| T

symbols by half, the TF matrix becomes a rectangular matrix

and F = 2ZM.
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®
c Pe
(users) Ta= M Ta= 0.5M
14 4.48E-09 3.38E-15
16 3.45E-08 1.03E-13
18 1.64E-07 1.45E-12
’,#ﬂm-w 1.29E-11
ﬁn& 8.12E-11
L 3.89E-10
8.87E-06 1.50E-09
¥ f-ﬁs\‘
— 1.72E-0 4.88E-09
. frﬂ , 1.38E-08
r‘ E / 4- 4 T 5 3.455-'33
I G '
34 _-E{ii‘ﬁ;- 2.0E-05 7.84E-08

able 4.4 Pe for Different Cdchannel S:rmbols['l'.;}

—— X

. ) 5
s FUEINENTNENNS
9 W‘ra"a R T kA

érror rate performance, the number of simultaneous users
can not exceed a certain limit. An example is shown in Table

4.5 for a bit error rate performance equal to or better

than 107",
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M Maximum c Max.c as % of Total Users
289 31 0.037%
169 16 0.056%
127 13 0.08%

107 0.095%
97 0.1%
59 0.14%

imultaneous Users

Length

:xamples of Link Budget fc TY Smé Ape e Antennas

S -
In this section some g¢éts are presented to

illustrate thatmhe proposed RMA tecl'mque is of use to a

system Witmﬁl Wﬂﬂ‘ﬁ W‘Hlﬂln ljrs.w}
K ma KTV EY e 0

{E _ has some contribution to the system performance (Pe)
but it will required a big increase in (E. /N, ), to have any
noticeable effect on Pe. In addition, the carrier power varies

with {Ebfﬂu}th‘ , thus, it is important to keep the value of
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this parameter at some minimum level. Since a level of
(E,/N,),,. assumed in Appendix E is 0.4 dB, which corresponds
to (E,/N;}) of 0.2 dB, we will use this same value for
conveniently relating the link budgets to the Pe already

calculated . The link designed for the system

The followi em) p! rs are used in the link

1. Operatin L. GHz and 14/11 GHz

= Qturatinn Flux Density
Fl1UE D e NEI T
qu’] agﬂim ﬂﬁﬁﬁhﬁz]ﬁ;ﬂ (6/4 GHz)

3. Earth Station Parameters

- Antenna Diameter 1.2 m., 1 m., 0.8 m.




- Antenna G/T

4. Informati

The link budget

59
10 dB/K (1.2 m. at 4 GHz)
15.5 dB/K (1.2 m. at 11GHz)
13.8 dB/K (1.0 m. at 11 GHz)
}1.3 dB/K (0.8 m. at 11 GHz)

1200 bit/second

6/4 GHz
Antenna Diamete 0.8 1
Antenna Gain (dB 38.8 35.0
HPA (dBW/carrier) 1.6 -16.9 -1.4
EIRP/carrier (dBW) 2 21.9 33.6
Free Space Lnsfwfjg_ﬁm, 207.0 199.7
Atmospheric LossEﬂ
Antenna Poiﬁiﬁ_ ‘ﬁ ﬂ% 81, )]. 1.0 1.0
Satellite G/ (dﬂ: Ml 21 i 1hﬁ 1.7 -2.0

, ¢ = v/

o o) (75| R OABNSA ) 3988 | e | o
hntennnqﬁain 1 m* (dB-m?) 44.0 44.0 44.0 37.0
Saturation Flux Density
(dBW/m?) -90.5 | -90.5 -90.5 -81.0
Input Backoff/carrier (dB) -53.6 ! -51.9 -49.9 -51.1
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OQutput Backoff/carrier (dB) -48.1 -46.4 -44.4 -46.6
Saturation EIRP (dBW) 41.0 41.0 41.0 36.0
EIRP Downlink (dBW) -T.1 -5.4 -3.4 -10.6

Free Space Loss (dB) 205.0 205.0 196.0

Atmospheric Loss and
Antenna Pointing L& .0 1.0 1.0
Earth Station G/ 11.8 10.0
Downlink (C/T)t -197.6 -197.6
-197.6 -197.6
Boltzman’s Const.(d ‘ é1i ] A - -228.6 -228.6
Total (C/N_)thermal {,:f; :';l — 31.0 31.0

Information Bit Rate (dB) -~ 0.8 30.8 30.8

,,
Some equati ‘ijﬁ’ﬁﬁfiﬂtﬁ %{W weﬂ,ﬁe given.

T ) 5 AR e

where (C/T)

n

(C/T)thermal

carrier-to-thermal noise temperature ratio

(C/N,)thermal = (E,/N,) + 10log(R,) dB
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More details in the calculation and parameters of the link

budget can be found in (Feher, 1984) and (Ha, 1990).

In order to increase the speed of infermation bit,

J;‘jed EIRP or the received

antenna, i.e., increase G/T ¢ th terminal. Table 4.6
shows the requifgﬂ-?f'f;ﬁEf 1a each bit rate while

keeping (Ehfﬂoj un

we have to increase the

: (C/N_)thermal
bit/secd dBW/Hz
1200 31
2400 34

4800 L £
T L F )

e

9600 "= 40
0 0

Table 4. Q- (C/N }u; Re uired for Different Bit Rate

HUH?ﬂBW§WHWﬂi
. AT DT A

sec. to 4 it/sec., we have to increase

37

the EIRP proportionally. That is to raise the uplink EIRP
level up 6 dB. Another alternative is to introduce error

correction coding in order to improve the bit error rate.
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