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ABSTRACT 

We p r e s e n t  an  e x t e n s i o n  of t he  s l o t t e d  ALOHA p r o t o c o l  fo r  u se  in a s p r e a d  s p e c t r u m  p a c k e t  r a d i o  

e n v i r o n m e n t .  With s p r e a d  s p e c t r u m ,  we a s s u m e  t h a t  N d i s t i n c t  codes  a r e  ava i lah ie ,  and  t h a t  e a c h  

code  c a n  be  t r e a t e d  as  a s e p a r a t e  c h a n n e l  Runn ing  an  i n d e p e n d e n t  copy  of t he  p r o t o c o l  on  e a c h  of 

t h e s e  c h a n n e l s  wou ld  be  u n d e s i r a b l e ,  s i nce  e a c h  u s e r  wou ld  have  to  s e l e c t  one  c h a n n e l  to  m o n i t o r  

fo r  p a c k e t s  a d d r e s s e d  to  it, i nduc ing  a logical  p a r t i t i o n i n g  of t h e  u s e r  p o p u l a t i o n  in to  N g r o u p s .  

To p r e s e r v e  the  logical  c o n n e c t i v i t y  of the  n e t w o r k ,  we e x a m i n e  the  ef fec t  of s e p a r a t i n g  p a c k e t  

t r a n s m i s s i o n s  in to  two p a r t s ,  a s h o r t  preamble ,  w h i c h  is s e n t  o v e r  a pub l i c  channe l ,  and  fo l lowed 

by the  body, w h i c h  is s e n t  o v e r  a p r i v a t e  channe l .  We a s s u m e  t h a t  zn of t he  ava i lab le  c o d e s  a r e  

u s e d  as  p r e a m b l e  c h a n n e l s ,  and  the  r e m a i n i n g  N - rn codes  a r e  u s e d  for  a c t u a l  p a c k e t  t r a n s m i s -  

s ions .  If rn  << N ,  t h e n  the  n e t w o r k  can  s u p p o r t  b r o a d c a s t  and  m u l t i c a s t  p a c k e t s ,  and  st i l l  m a k e  

u s e  of all of t h e  ava i lab le  c h a n n e l s .  

1. I n t r o d u c t i o n  

As t h e  n a m e  s u g g e s t s ,  p a c k e t  t r a n s m i s s i o n s  in a s p r e a d  

s p e c t r u m  s y s t e m  L 2 a r e  d i s p e r s e d  o v e r  a wide f re -  

q u e n c y  ' band  r a t h e r  t h a n  c o n c e n t r a t e d  in to  a n a r r o w  

f r e q u e n c y  h a n d  as is u sua l l y  the  case .  In r e t u r n  fo r  

th i s  a p p a r e n t  w a s t e  of c h a n n e l  bandwid th ,  s p r e a d  spec -  

t r u m  c a n  be  u s e d  to r e d u c e  the  c h a n n e l  e r r o r  p r o b a b i l -  

i ty  f o r  no i sy  c h a n n e l s ,  and to i m p r o v e  the  s e c u r i t y  of 

t r a n s m i s s i o n s  in a hos t i l e  e n v i r o n m e n t  by  m a k i n g  i t  

m o r e  difficult fo r  an  a d v e r s a r y  to  j a m  the  channe l .  It  

m a y  e v e n  be  p o s s i b l e  to hide  the  f a c t  t h a t  t r a n s m i s -  

s i ons  a r e  t ak ing  p lace  f r o m  an a d v e r s a r y  who is n o t  

to ld  t he  de t a i l s  of t h e  s p r e a d  s p e c t r u m  m o d u l a t i o n  

t e c h n i q u e  be ing  used .  We n o t e  t h a t  w i t h  s p r e a d  spec -  

t r u m ,  t h i s  s a m e  wide f r e q u e n c y  b a n d  c a n  s u p p o r t  m o r e  

t h a n  one  s i m u l t a n e o u s  t r a n s m i s s i o n  us ing  d i f f e r en t  

codes .  If a f r e q u e n c y  b a n d  t h a t  is  /~ t i m e s  w i d e r  t h a n  

n e c e s s a r y  is used ,  t h e n  r o u g h l y  /~ c o n c u r r e n t  p a c k e t  

t r a n s m i s s i o n s  c a n  be  a c o o m o d a t e d  on  t h e  c h a n n e l  

us ing  s p r e a d  s p e c t r u m .  Thus,  f r o m  a p r o t o c o l  mode l -  

l ing po in t  of view, the  m a j o r  ef fec t  of adop t ing  s p r e a d  

s p e c t r u m  m o d u l a t i o n  t e c h n i q u e s  s e e m s  to be a p a r t i -  
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tioning of the physical channel into N separate sub- 

channels, each with i/N th of the original bandwidth. 

A disadvantage of spread spectrum over an equivalent 

single channel system is that its partitioning of the 

channel can lead to a partitioning of the users. We 

assume that hardware is not duplicated at each user so 

that a user must first decide to monitor a particular 

code before it can receive any transmissions that were 

sent using that code. Thus to contact a particular user, 

one must be able to find out which code is monitored by 

that user. In principle, one can always keep track of 

th i s  i n f o r m a t i o n  somehow. However ,  if t h e  same 

p a c k e t  m u s t  be  s e n t  to  s e v e r a l  u s e r s ,  th i s  p a r t i t i o n i n g  

c a n  c a u s e  p r o b l e m s .  In a s ingle  c h a n n e l  s y s t e m ,  Only 

one copy  of t he  p a c k e t  a d d r e s s e d  to  s e v e r a l  u s e r s  

wou ld  have  to  be  t r a n s m i t t e d  if the  u s e r s  u n d e r s t o o d  

b r o a d c a s t  (or  m u l t i e a s t )  a d d r e s s i n g .  Even  wi th  s u c h  an  

a d d r e s s i n g  s c h e m e ,  d u p l i c a t e  cop ies  of t he  p a c k e t  

wou ld  have  to  be  t r a n s m i t t e d  us ing  d i f f e ren t  c o d e s  in 

t he  m u l t i p l e  c h a n n e l  s y s t e m ,  u n l e s s  t he  e n t i r e  s e t  of  

r e c i p i e n t s  h a p p e n e d  to m o n i t o r  t he  s a m e  code.  

One idea  fo r  i m p r o v i n g  the  logical  c o n n e c t i v i t y  of a 

s p r e a d  s p e c t r u m  s y s t e m  wi th  m u l t i p l e  codes  is to  

a s s i g n  s o m e  of t h e  codes  to  p r e a m b l e  c h a n n e l s ,  w h e r e  

p a c k e t  t r a n s m i s s i o n s  can  be i n i t i a t e d  in a m a n n e r  t h a t  

is h igh ly  v i s ib le  to  all t he  u s e r s ,  a n d  the  r e m a i n d e r  of 

the codes to message channels, where the major part 

of each transmission can take place in private 3. In this 

p a p e r ,  we e v a l u a t e  t h i s  idea  w h e n  the  s l o t t e d  ALOHA 

p r o t o c o l  is u s e d  to c o n t r o l  a c c e s s  to  t he  p r e a m b l e  

c h a n n e l s .  
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2. The Mode l  

Cons ider  a n e t w o r k  w h e r e  an  infinite n u m b e r  of ident i -  

cal u s e r s  t r a n s m i t  c o n s t a n t  l e n g t h  p a c k e t s  us ing  a s e t  

of N i n d e p e n d e n t  channe l s ,  e a c h  wi th  the  s a m e  da t a  

r a t e .  Without  loss  of gene ra l i t y ,  we a s s u m e  t h a t  t he  

t r a n s m i s s i o n  t ime  for  a p a c k e t  would  be un i t y  if we 

could  m a k e  use  of t he  full b a n d w i d t h  of all t he  chan-  

nels ,  and  t h a t  the  w o r s t - c a s e  p r o p a g a t i o n  t i m e  

b e t w e e n  u s e r s  is a .  However ,  s ince  e a c h  t r a n s m i s s i o n  

u s e s  only  one channe l ,  t he  a c t ua l  p a c k e t  t r a n s m i s s i o n  

t i m e  will be  N t i m e  uni t s .  

Recall  t h a t  in t he  p r o p o s a l  we wi sh  to  s tudy ,  a p r e a m -  

ble is s e n t  on one c h a n n e l  and  the  r e m a i n d e r  of the  

p a c k e t  is s e n t  on ano t he r .  We will c o n s i d e r  the  p r e a m -  

ble to be  add i t iona l  o v e r h e a d  of d u r a t i o n  r t i m e s  the  

or ig ina l  p a c k e t  length .  Thus, a c c o u n t i n g  fo r  t he  p r o p a -  

ga t i on  t ime ,  the  s lo t  s ize  m u s t  be  at  l e a s t  r N  + a on 

the  p r e a m b l e  channe l ,  and  N + ~ on the  m e s s a g e  

channe l .  For  s i m p l i c i t y  we le t  e a c h  m e s s a g e  c h a n n e l  

s lo t  be the  s a m e  l e n g t h  as L p r e a m b l e  c h a n n e l  s lo t s  

(by adding  s o m e  dead  t i m e  to  t he  end  of e a c h  m e s s a g e  

s lo t  if n e c e s s a r y ) ,  w h e r e  

i N + e l  1 L : 

Thus, Tp = r N  + a is t he  e l e m e n t a r y  t i m e  un i t  in o u r  

m o d e l  

c o r r e s p o n d i n g  p a c k e t  t r a n s m i s s i o n  will t ake  p lace  on a 

m e s s a g e  c h a n n e l  be long ing  to  t he  t m o d  L th  g roup ,  

s t a r t i n g  in the  t + 1st  slot .  We no te  t h a t  

N = L ' k  + r n ,  (2) 

and  t h a t  we m a y  as well  a s s u m e  t h a t  k ~ rn s ince  it  is 

i m p o s s i b l e  fo r  o u r  p r o p o s e d  p r o t o c o l  to  u se  m o r e  m e s -  

sage  c h a n n e l s  c o n c u r r e n t l y .  

The m o d e l  of p r o t o c o l  o p e r a t i o n  is as  follows. The to t a l  

t raff ic  obeys  the  " s t r o n g "  P o i s s o n  a s s u m p t i o n ,  wh ich  

a s s e r t s  t h a t  the  un ion  of t he  a r r i va l  t i m e s  fo r  new 

p a c k e t s  and  the  r e t r a n s m i s s i o n  t i m e s  fo r  col l ided 

p a c k e t s  f o r m s  a P o i s s o n  p r o c e s s  wi th  i n t e n s i t y  G p e r  

un i t  t ime .  Thus, a s s u m i n g  a u n i f o r m  d i s t r i b u t i o n  of the  

traffic ove r  t he  ava i lab le  p r e a m b l e  c h a n n e l s ,  the  

n u m b e r  of t r a n s m i s s i o n s  in any  p r e a m b l e  s lo t  will have  

a P o i s s o n  d i s t r i b u t i o n  wi th  p a r a m e t e r  

Grp (3) 
Gp=  ra 

and  the  p r o b a b i l i t y  of a s u c c e s s f u l  t r a n s m i s s i o n  o ccu r -  

r ing  in a p r e a m b l e  slot,  p ,  is g iven  by  the  we l l -known 

f o r m u l a  fo r  s l o t t e d  ALOHA: 

p =% e - c , < l .  (4) 

If i ts  p r e a m b l e  is no t  t r a n s m i t t e d  s u c c e s s f u l l y  (i.e., i t  

is invo lved  in a co l l i s ion  on t h e  p r e a m b l e  channe l ) ,  

t h e n  the  u s e r  wa i t s  fo r  a r a n d o m  r e t r a n s m i s s i o n  de lay  
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Figure 1 

In F igure  1 we show how the  N ava i lab le  c h a n n e l s  in 

o u r  mode l  a r e  used:  rn ml of t he  c h a n n e l s  a r e  u s e d  to  

s e n d  p r e a m b l e s ,  e a c h  one  s lo t  long, and  the  r e m a i n i n g  

N - m c h a n n e l s  u s e d  to  s e n d  p a c k e t s ,  e a c h  L s lo t s  

long. The m e s s a g e  c h a n n e l s  a r e  d ivided in to  L g r o u p s  

of k c h a n n e l s  each,  s u c h  t h a t  the  s t a r t i n g  p o i n t s  fo r  

p a c k e t  t r a n s m i s s i o n s  v a r y  b e t w e e n  the  g r o u p s .  If a 

p r e a m b l e  is s e n t  s u c c e s s f u l l y  in the  t t h  slot.  t h e n  the  

and  t r i e s  again.  O the rwi se  the  p r e a m b l e  is a s s u m e d  to  

have  b e e n  t r a n s m i t t e d  succ e s s f u l l y ;  t he  u s e r  s e l e c t s  

one  of t he  ava i lab le  m e s s a g e  c h a n n e l s  and  t r a n s m i t s  

i t s  pac ke t .  If t h a t  p a c k e t  t r a n s m i s s i o n  is no t  s u c c e s s -  

ful  ( b e c a u s e  of a co l l i s ion  on the  m e s s a g e  channe l ) ,  

t h e n  the  u s e r  wa i t s  fo r  a r a n d o m  r e t r a n s m i s s i o n  de lay  

and  t r i e s  to s e n t  i ts  p r e a m b l e  again.  O the rwi se  the  

p a c k e t  t r a n s m i s s i o n  is a s s u m e d  to  be s u c c e s s f u l .  
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Operation of protocol P1 
Rgure 2 

Note that the operation of the protocol can be decom- 

posed into L subsystems, Each subsystem controls /c 

dedicated message channels and shares the ~r~ pream- 

ble channels with the other L-i subsystems using 

round-robin TDMA. However, because we have assumed 

that the number of users is in/inite and that the total 

traf[~c is Peisson, the analysis for each subsystern can 

be done independently. 

S. A . a l ~  

At t h i s  po in t ,  we m u s t  d e c i d e  on  t h e  m a n n e r  in  w h i c h  a 

u s e r  t h a t  h a s  s e n t  i t s  p r e a m b l e  s u c c e s s f u l l y  is  a / t o w e d  

to  s e l e c t  a m e s s a g e  c h a n n e l .  We c o n s i d e r  two  c a s e s .  

In  p r o t o c o l  P1  ( F i g u r e  2), u s e r s  r a n d o m l y  s e l e c t  o n e  of 

t h e  k a v a i l a b l e  m e s s a g e  c h a n n e l s  w i t h  e q u a l  p r o b a b i l -  

i ty .  

S 

S 

l . - p  

. . . .  j ' -  

t - D  / 

Preamble channels 

Operation of protocol P2 
Rgure 3 

Messase c h a n n e l s  
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In protocol P2 (Figure 3), users deterministically 

select one of the k message channels based on the 

preamble channel that was used. (Thus in protocol/'2, 

e a c h  of  t h e  k a v a i l a b l e  m e s s a g e  c h a n n e l s  a t  e a c h  s l o t  
f r t  

h a s  a s s i g n e d  to  i t  t h e  l o a d  f r o m  s = ~ -  of  t h e  p r e a m -  

b le  c h a n n e l s . )  

3.I. T h r o u g h p u t  

To find the throughput equations, we must find what 

proportion of the time-bandwidth product occupied by 

each subsystem is used to carry successful packet 
transmissions. 

In protocol P1. the average number of successfully 
elq--I £q 

transmitted messages is Tn10 (1-~-) . since a mes- 

sage will succeed if it has a successful preamble and at 

the same time no other user with a successful pream- 

ble on one of the remaining ~-i preamble channels 

chooses the same message channel. The probability of 

a success on the preamble slot. 10. is given in (4). The 

c o r r e s p o n d i n g  c h a n n e l  r e s o u r c e  u s e d  is  

k (l+~)+rn (r +N) (in units of message transmission 
time). Therefore, the throughput is: 

l '~ (1-- ~-') l'/i -1 ~ (1_ k~..).-I 
s ,  = = (s) 

k (l+~)+rn. (r +~) l+s,r +(s +1)--~ 

In o r d e r  to f ind the throughput in  protocol P2, let u s  

t a k e  a look  a t  t h e  s u b s y s t e m  of a s e t  of  s p r e a m b l e s  

a n d  t h e  c o r r e s p o n d i n g  m e s s a g e  c h a n n e l .  The  p r o b a -  

b i l i t y  of a s u c c e s s f u l  t r a n s m i s s i o n  on  t h e  m e s s a g e  

c h a n n e l  is  s p  (1-- .p)" - t  s i n c e  we  m u s t  h a v e  o n l y  one  

s u c c e s s  on  a p r e a m b l e  c h a n n e l  a m o n g  t h e  s p a r t i c i -  

p a t i n g  p r e a m b l e  c h a n n e l s .  10 is  s t i l l  g i v e n  b y  (4). The  

t i m e  p e r i o d  c o n s i d e r e d  is  1 m e s s a g e  s l o t  a n d  s p r e a m -  

b l e  s l o t s .  T h e r e f o r e ,  t h r o u g h p u t  is: 

i ) , - '  = ( i - - ~ ) ' - '  s, = --'P-(/-~ sp (s) 
a a +I)~ (1+ ~)+s (- + ~) l+~rr +(s 

3. m. C o m p a r i s o n  o f  P1 a n d  P3. 

In order t~3 compare the two protocols, i t  suffices to 

compare the quantities 

TOt -I 

, (1)= m,~(1--k~- a n d  

F~ g (1) = k---" p (1-1o)~--' (7) 

w h e r e  

f ( y )  = P [y t r a n s m i s s i o n s  in  a m e s s a g e  s l o t  g i v e n  P1 ]  

y (j) = P [j transmissions in a message s l o t  g i v e n  P2] 

F u r t h e r m o r e ,  

(~)~--J-~P--- a n d  ! ( i  + i )  = f ( i  +1)(k -p ) 

, (_~_-J_EIZ_ (9) g ( i  + i )  = ~ ( j  j ~  +i )k  ( i - p )  

S u p p o s i n g  p ~ k_ w h i c h  is  t h e  n e c e s s a r y  c o n d i t i o n  so  
Tf~'  

n o t  to  o v e r l o a d  t h e  s y s t e m ,  --~-P- 4= 1 a n d  c l e a r l y ,  a s  

f (i+l)~f ( ~ ' ) , g ( j  + l ) ~ g ( 2 )  f o r  i = 1 , 2 , . ( 1 0 )  

We will. now, s h o w  t h a t  P 2  is b e t t e r  t h a n  P1 ,  t h a t  is:  

0 (I) > f (I) (ii) 

Suppose that (II) is false and g (I) < f (I). Since 

__(~__~_)m__ ~ _~_~_:J~)~__ (~2) 
(j +i)(k -p ) ( i  +i)k (1-p) 

i s  c l e a r l y  t r u e  a n d  g (1) < f (1) h o l d s  by  t h e  a s s u m p -  

t ion ,  t h e n  g (2) < f (2), g ( 3 )  < f (3), ' ' '  a n d  h e n c e  

E [ g  ( ' )]  <E[f ( ')]  w h i c h  c o n t r a d i c t s  t h e  f a c t  t h a t  

E b  (')] = E[!  (.)] = m_y_k. = s p  03) 

T h e r e f o r e  (11) m u s t  h o l d  a n d  p r o t o c o l  P~  is  b e t t e r  t h a n  

P1.  This  is  i n t u i t i v e l y  e x p e c t e d ,  s i n c e  P 2  r e d u c e s  t h e  

c o n t e n t i o n  a m o n g  m e s s a g e s  t h a t  h a v e  s u c c e e d e d  in  t h e  

p r e a m b l e  c h a n n e l .  In  t h i s  c a s e ,  P 2  b e h a v e s  as  a n  

ALOHA s y s t e m  w i t h  a f in i te  p o p u l a t i o n  of s " u s e r s " .  

Each "user" transmits with p r o b a b i l i t y  10 , the 

throughput of the preamble c h a n n e l .  The total t r a f ~ c  of 

this imaginary ALOHA system is s/), and the throughput 
1 

will be  m a x i m i z e d  fo r  s p  =I, that is,  p =--. S i n c e  P 2  
.S  

gives t h e  b e s t  throughput, for reasonable values of p ,  

we wilt choose protocol I>2 and further analyze its per- 

formance. In the s u b s e q u e n t  d i s c u s s i o n ,  t h e  

t h r o u g h p u t  will be  d e n o t e d  b y  S .  

3.3.  De l ay  

To m o d e l  t h e  de lay ,  we u s e  t h e  w e l l - k n o w n  a p p r o x i m a t e  

f o r m u l a  4, 5 

D = Dpr . + D~ 

w h e r e  /~ is  t h e  a v e r a g e  r e t r a n s m i s s i o n  t i m e  of a 
G 

p r e a m b l e  p a c k e t .  No te  t h a t  t h e  q u a n t i t y  ~ - 1  g i v e s  

t h e  t ~ a l  n u m b e r  of t i m e s  a m e s s a g e  is  r e t r a n s m i t t e d  

b e c a u s e  of c o l l i s i o n s  on  e i t h e r  t h e  p r e a m b l e  o r  t h e  

m e s s a g e  e h a n n c l .  A c r u d e  b u t  u s e f u l  a p p r o x i m a t i o n  6 is 

= ( s lo t s )  = - ~  Tp • T h e r e f o r e ,  f ina l ly  

D = ETI# + -I E+ Tp + N  + s  (14) 
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3.4. S y ~ e m  capac i ty  wi th  protoco l  P2. 

I t  is obv ious  t h a t  the  t h r o u g h p u t  i n c r e a s e s  as  r -, 0 

and a -~ 0. Let us  now find the  c a p a c i t y  of t he  p r o t o c o l  

in t he  idea l i zed  c a s e  wi th  r -. 0, N 4 = and  r N  >> ct or  

a -* 0. Here ,  t he  o v e r h e a d  due to  t he  p r e a m b l e  chan-  

nel  is negl igible ,  so  S = s p  ( 1 - p ) "  -1 and  the  o p t i m i z a -  

t ion  p r o b l e m  b e c o m e s :  

m a x i m i z e  S = s p  (1- - .p  )s -1 

s u b j e c t t o  0 ~ p  - ~ e - l ,  s > 1 (15) 

By app ly ing  the  L ag range  m u l t i p l i e r s  m e t h o d ,  we find 

t h a t  t h e  above  m a x i m u m  o c c u r s  a t  
1 

s = s ° = 1-1n(e - 1 )  = 2.18 < e ,  f o r p  = e - I  and the  

capacity is 

C = s "e - 1 ( l - e  - I ) ,  " - I  = 0.4687 (16) 

This maximum va lue  is a t t a i n e d  for  G = G ma ~, t he  

so lu t i on  to  e q u a t i o n  (4) e v a l u a t e d  a l p  = e -~, n a m e l y  

rn 1 
= a (17) 

c ~- = (," +~)O+T~7 ) 

F o r  the  g iven  va lues ,  we find G r r ~  = s * = 2.lB. 

For  r ,{2 ~ 0 and  N finite,  we c a n  find the  c a p a c i t y  as  a 

f u n c t i o n  of s ,  m a x i m i z e d  ove r  p .  This f u n c t i o n  

c o r r e s p o n d s  to  t he  e n v e l o p e s  of the  ac t ua l  S -  G 

c u r v e s ,  fo r  v a r i o u s  p a r a m e t e r  va lues .  R e p r e s e n t a t i v e  

d i a g r a m s  of Smax and  Gma x as  f u n c t i o n s  of s a r e  plot-  

t ed  in F i g u r e s  4 and  5 r e s p e c t i v e l y .  Of c o u r s e ,  t h e s e  

d i a g r a m s  a r e  d e p e n d e n t  on  the  p a r a m e t e r s  N ,  7- and  

a as  well. F r o m  t h e s e  p lo ts ,  one c a n  deduce  t h e  m o s t  

eff icient  o p e r a t i n g  point ,  f o r  a g iven  traffic and  c h a n n e l  

conf igura t ion .  Obviously,  th i s  m u s t  o c c u r  at  an  
a S  e x t r e m e  po in t  o r  a t  a p lace  w h e r e  ~-~ = 0. 

a s  ~-~=2A~-( !=~P-I .  we consider Diffe ren t ia t ing ,  O1~ = l + s r  + ( s  + 1 ) . ~  

J v  

two cases. Firs t ,  fo r  l~s ,e we find that ~ > 0  

s ince  0 ~ p  ~ e - L  This e s t a b l i s h e s  t h a t  S ( 1 ~ .  <,)is 

m o n o t o n i c a l l y  i n c r e a s i n g  and, c o n s e q u e n t l y ,  t h a t  

-1(1  e - 1  ,s-i  
Sraa~ .0 " • < • ) = s e  ~ - - ~ - - -  fo r  

f l  z+sr +(s +I)W- 

1 
g = + ( r  +l)a (18) 

l---+r --~-- 
s r/V" 

For s = 1, 

S"m= .C, =I) = 
e - I  

fo r  2a ' 
I+T +- 

N 

1 G = +c.,. +1)~ 09) 
l+r ~ -  

rN 

Obviously. in this case. we have TrL independent ALOHA 

subsystems, each one consisting of a preamble and a 

message channel. The denominator accounts for the 

loss  of u se f u l  capac i ty ,  due  to t h e  p r e a m b l e  channe l .  

For  the s e c o n d  ca se  we c o n s i d e r  s > e . Here ,  S has  a 

p = s 1-, f o r  w h i c h  0S  m a x i m u m  a t  ~-~=0 and 

ssL1--s)l'" 1 a -1  (1 1 )as_ -1 
S,~( , ,  > o ) = = ~20) 

l + s r  + ( s  + I ) N  l + s r  + ( s  + I ) N  

Note  t h a t  t h e r e  a r e  two v a l u e s  of G t h a t  s a t i s f y  the  
1 c o r r e s p o n d i n g  e q u a t i o n  (4) w i th  p = --, t h e r e f o r e ,  t he  
s 

fo rk - l ike  d i a g r a m  of F igu r e  4. 

The above  a na ly s i s  shows  tha t ,  f o r  s m a l l  s ,  i t  p a y s  Lo 

s a t u r a t e  t he  p r e a m b l e  c h a n n e l s  so as  to a t t a i n  Smax. 

As s b e c o m e s  Larger, too m a n y  m e s s a g e s  p a s s  s u c c e s s -  

ful ly t h r o u g h  the  p r e a m b l e  c h a n n e l s  a n d  i n t e r a c t  des-  

t r u e t i v e l y  ove r  t he  m e s s a g e  channe l .  In t h a t  case ,  t he  

o p t i m a l  is o b t a i n e d  by  dee reas /~ tg  the  traffic a t  t h e  

p r e a m b l e  c h a n n e l s  a n d  ke ep ing  a t  s a t u r a t i o n  the  

tralTlc of t he  m e s s a g e  channe l .  

4. S tudy ing  t h e  p r o t o c o l  n u m e r i c a l l y  

We shal l  now s t u d y  t h e  ef fec t  of c ha ng ing  the  s y s t e m  

p a r a m e t e r s ,  like r , s , N  and  {2 o n t h e  S a n d D .  It  is 

no t  pos s ib l e  to s t u d y  the  ef fec t  t h a t  e a c h  of t h e m  has  

on  the  s y s t e m  t h r o u g h p u t  ana ly t ica l ly .  Our c o m m e n t s  

will be b a s e d  on t h e  f o r m u l a s  d e v e l o p e d  so  f a r  a n d  the  

c o r r e s p o n d i n g  d i a g r a m s .  

Vary~tg  s, t h e  n u m b e r  of p r e a m b l e  c h a n n e l s  a s s i g n e d  

to  e a c h  m e s s a g e  c h a n n e l  : F r o m  the  Sraax vs.  s c u r v e  

(F igure  4) and  the  S vs.  G c u r v e  (F igure  6a,b) we c a n  

d e d u c e  t h a t  S d e c r e a s e s  w i th  i n c r e a s i n g  s .  F u r t h e r -  

m o r e ,  fo r  i n c r e a s i n g  s , t he  S - G c u r v e s  sh i f t  to  the  

left ,  w h i c h  m e a n s  t h a t  t he  s y s t e m  g e t s  s a t u r a t e d  a t  

s m a l l e r  v a l u e s  of G .  

V a r y ' L ~ g  r ,  t he  r a t i o  of a p r e a m b l e  l e n g t h  to  a m e s s a g e  

l e n g t h  : The t h r o u g h p u t  d e c r e a s e s  m o n o t o n i c a l l y  w i th  

i n c r e a s i n g  r (F igure  7a,b). This is i n tu i t i ve ly  e x p e c t e d ,  

s ince  the  p r e a m b l e  c h a n n e l  does  no t  c o n t r i b u t e  to  t he  

t h r o u g h p u t .  Again t h e  S - G c u r v e s  sh i f t  t o  t he  le f t  

fo r  i n c r e a s i n g  r .  

V{2ry/Itg u. t he  w o r s t - e a s e  p r o p a g a t i o n  t i m e  and 'N,  t h e  

n u m b e r  of t he  ava i l ab le  s u b - c h a n n e l s  : a and  N a p p e a r  
a 

in t he  f o r m u l a s  only  as  ~ ,  w h i c h  is t he  p r o p a g a t i o n  

de lay  r e l a t i v e  to  t he  a c t u a l  m e s s a g e  leng th .  Obviously,  
{2 

fo r  ~ << 1 the  t h r o u g h p u t  f o r m u l a  is qu i te  i n s e n s i t i v e  

to  t he  e x a c t  v a l u e s  of a and  N ( F igu r e s  8a,b and  9a,b). 

On the  o t h e r  hand,  D is d i r e c t l y  p r o p o r t i o n a l  to N and, 

t h e r e f o r e ,  i n c r e a s e s  w i t h  i n c r e a s i n g  N .  
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6. Cone lus io~  

We have shown that it is feasible to modify the slotted 

ALOHA protocol so that each user must first transmit a 

short preamble successfully on a "public" preamble 

channel before he is allowed £o transmit his packet on 

a "private" message channel. This allows us to 

enhance the logical connectivity of a multi-channel 

spread spectrum packet radio network, and still make 

use of all the available channels efficiently. In fact, 

when the preamble is small, our modified slotted 

ALOHA protocol actually out performs slotted ALOHA 

because  the  p reamble  channel  is equivalent  t o  a weak 

fo rm of collision de tec t ion .  
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