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Abstract 
The e f f e c t  of mult ipath in t e r f e rence  on t h e  

pe r fonance  of packet r ad ios  i s  invest igated i n  t h i s  
paper. The protocols  considered include pure ALOHA 
and s l o t t e d  ALOHA. Signal  receptim with and without 
capture e f f e c t  are both cms ide red  i n  t h e  analysis. 
Ha themt ica l  expressions of system throughput and 
packet delay have been successful ly  obtained f o r  
each protocol. Nurer ical  ca l cu la t ions  are used t o  
demonstrate when t h e  mult ipath in t e r f e rence  can be 
ipnored and wben i t  can be d i sa s t rous .  

I. Introduct ion 
Since t h e  introduct ion of ALOHA protocol by 

Abramson[ll numerous papers have appeared t o  address  
various aspects of random access techniques. Some of 
these works treat problems i n  ground-based packet 
radio networks. For examples [21 - [31. Multipath 
in t e r f e rence  r e s u l t i n g  f r a  signal r e f l e c t i o n s  is 
unavoidable i n  both urban and suburban areas i n  
radio comunicat ions.  Before packet r ad ios  can be 
deployed i n  these areas, t h e  e f f e c t  of multipath 
in t e r f e rence  on the performance of a packet radio 
n e t m r k  needs t o  be understood. 

Multipath in t e r f e rence  is a problem of his tor-  
ical i n t e r e s t  and importance. I t  r e s u l t s  f r a  re- 
f lect ions and r e f r a c t  ions during s i g n a l  propagation. 
I n  urban areas, the  r a i n  con t r ibu to r s  t o  multipath 
in t e r f e rence  are buildin8s. Modeling and ana lys i s  of 
multiyath in t e r f e rence  can a t  least be found i n  [4] 
- [SI. A multipath channel is usual ly  character ized 
by number of  s igna l  paths, path s t r eng ths ,  and path 
delays. I n  gene ra l  t h e  signal r(t) received at t h e  
r ece ive r  can be wr i t t en  as fol lows 

00 

r(t) = I: p,s( t - t i ) tn( t )  (1) 
i=O 

where s(t) d e m t e s  t h e  signal transmit ted by t h e  
tramutter and n( t )  t h e  channel noise. I n  (11, 4 
and ti are used t o  denote the  "signal strength" and 
the "propagation time from t r ansmi t t e r  t o  receiver" 
of t h e  i t h  path. The d i r e c t  o r  line-of-sight path is 
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represented i n  p a r t i c u l a r  by i = O .  and 

{ti-$}i=l are usua l ly  modeled as random variables .  
For r a t h e a a t i c a l  convenience we s h a l l  i n  t h i s  

paper assume t h e  following: 
1) Po, pl, ... form an independent Rayleigh 

sequence; 
2) tl-to, $-to, ... f o n  a haogeneous Poisson 

sequence with mean a r r i v a l  rate A, i .e . ,  t h e  
i n t e r a r r i v a l  times between cmsecu t ive  paths 
form a n  independent and i d e n t i c a l l y  d i s t r i b u t e d  
sequence with mean i n t e r a r r i v a l  time 1/4 

3) {ti-to) i=l and {pi) i=o are independent. 
I n  t h i s  paper we shall f u r t h e r  assume t h a t  we 

have a noise  f r e e  chamel  t o  work with, i.e. n( t )  i n  
(1) is set t o  zero. s ince  so f a r  i n  most of t he  
s tud ie s  on random access  techniques c o l l i s i o n  is 
considered t o  be t h e  only source of des t ruc t ion  t o  
packets. 

I n  most of the s tud ie s  on random access  tech- 
niques, t he  input process which cons i s t s  of t h e  newly 
generated and retransmit ted packets is usua l ly  as- 
sued t o  be a P o i s s m  process. Such model of Poisson 
input will aga in  be used i n  t h i s  study. Let t he  mean 
input r a t e  be G packets per T seconds where T i s  t h e  
packet transmission time. 

I n  random access  tectmiques one usua l ly  assume 
that c o l l i s i o n  between packets y i e l d s  i r recoverable  
destruct ion t o  t h e  parties involved i n  t h e  
c o l l i s i o n .  Possible  improvement provided by signal 
capture e f f e c t  i n  random accessing has been s tudied 
i n  [91 - 1131. A r e l a t e d  s tudy is a l s o  done i n  1141. 
I n  t h i s  paper t he  e f f e c t  of multiyath in t e r f e rence  
with and without capture  e f f e c t  will both be 
s tudied.  Two types of capture  e f f e c t  will be 
considered. Type I is the case where among t h e  
signals involved i n  a c o l l i s i o n  the  signal with the  
s t rongest  power d m i n a t e s .  Type I1 is the case where 
a packet succeeds only when its power is stronger  
than the  sum of the  rest packets involved i n  t h e  
c o l l i s i o n .  

I n  t h i s  s tudy we consider only pure and s l o t t e d  
ALOHA protocols. Other protocols  such as CSM and 
CS(A/CD a r e  f o r  f u r t h e r  i nves t iga t ion .  We f u r t h e r  
assue only the success of l ine-of-s ight  packets 
contr ibutes  t o  t h e  ca l cu la t ion  of channel through- 
put .  Possible  improvement due t o  delayed vers ions of 
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the d i r e c t  packet is also a topic  f e r  f u t u r e  
research. 

11. Resul ts  of an Ndelay-path channel 
I n  t h i s  s ec t ion  we use S and D t o  denote 

channel throughput and mean packet delay,  respec- 
t ively. Once S is obtained, D=R+l+(G/S-l) ( R + l t ( K - l )  
/2), where R denotes t h e  round-trip promgatim 
delay between t r ansmi t t e r  and r ece ive r  and (K-1)/2 
the average rescheduling delay i n  r e t r ansmi t t i ng  a 
packet. Both R and K are measured i n  number of 
s l o t s .  

A .  No capture e f f e c t  
For pure ALOHA we have 

Ge-2(N+l)Ge-AT (2) 

Ge-(2N+1)Ge-AT (3) 
while f o r  s l o t t e d  ALOHA 

A s  a check, i f  multipath in t e r f e rence  does not 
e x i s t ,  i.e. N=O and kO, (2) and (3) reduce t o  Gem2' 
ani Ge-G which are siaply the  throughplt r e s u l t s  of 
cmven t iona l  pure and s l o t t e d  ALOHA system, 
r 66 pect ive l  y. 

B. Type I capture  e f f e c t  
I n  the following we f u r t h e r  assume: 

1) The s t r eng th  of a received packet maintains a t  
a constant l eve l  during i ts  T-sec packet 
transmission time. I n  o t h e r  words, a slow 
fading channel is impl i c i t l y  assumed; 

2) Power l e v e l s  of d i f f e r e n t  packets a r e  statis- 
t i c a l l y  indepenient. 
For pure ALOHA we obtain 

Where 

(4) 

% N- 1 N -  
TN = 1 - z Ti , fp(u) = 2 U% 

i = O  i = O  
% i 

gi(u) = II (1 - u'j) 
j =1 

- 

I n  (4) pi represents  t h e  mean power l eve l  of t h e  i t h  
path and p t h e  capture  r a t i o .  Next f o r  s l o t t e d  ALOHA 
we obtain 

Where 
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C. Type I1 capture e f f e c t  
For pure ALOHA we have 

CI- 
._ 2- 

( 6 )  - - - - - -  
while f o r  s l o t t e d  ALOHA 

K 

(7) - - - - - -  

111. Numerical examples and d i s m s s i o m  
I n  t h e  following exarples. we assume R = l  ani 

K 3 .  Figs. 1 and 2 are done when capture  e f f e c t  i s  
not considered. Fig. l(a) shows t he  e f f e c t  of mul- 
t i p a t h  in t e r f e rence ,  i.e. N, on the  perfomance of 
pure ALOHA. I n  t h i s  f i g u r e  we a s s m e  AT=O and p l o t  
delay versus  throughput. Here AT=O means A=O o r  
equivalent ly  l/~=-. i n  o the r  words, two consecutive 
delay paths a r e  separated by an i n t e r v a l  which is 
i n f i n i t e l y  long on t h e  average. This does not a t  a l l  
say that t h e  multipath interference does n o t  exist. 
On t h e  contrary,  a packet will be a f f ec t ed  by the  
delay packets of those which were t ransmit ted 
i n f i n i t e l y  long t i r e  ago. F i g .  l(b) shows similar 
r e s u l t  f o r  s l o t t e d  ALOHA. From these two f igu res  we 
observe the severe degradation caused by mult ipath 
interference.  The degradation is even worse f o r  
s l o t t e d  ALOHA. 

Figs. 2(a) and 201) show the  e f f e c t  of AT on 
pure ALOHA and s l o t t e d  ALOHA, respect ively.  Since 
with constant  T l a rge r  AT i q l i e s  shorter in t e r -  
a r r i v a l  times of delay paths. We observe t h a t  t he  
degradation is more severe. The tendency of course 
i s  reasonable. I n  both Figs .  1 and 2, we observe 
t h a t  l a rge r  N o r  l a rge r  AT will bring s l o t t e d  ALOHA 
close t o  pure ALOHA. 

Figs. 3 and 4 a r e  p l o t t e d  f o r  type I capture 
e f f ec t .  I n  these  two examples we assume pd-, AT= 
50. R = l  ani K=5. Fig. 3 i s  done f o r  q,=y=***=q, 
while Fig. 4 is done f o r  y /p i - f0 .5 .  Figs. 3(a) and 
4(a) show D v s  S f o r  pure ALOHA while f i g .  3(b) and 
4(b) a r e  done f o r  s l o t t e d  ALOHA. We observe from 
Fig. 3 t h e  e f f e c t  of multipath in t e r f e rence  is  s t i l l  
d i sa s t rous  when q.,=y= * * * = / $ .  However when P ~ / P ~ - ~ =  

0.5 both protocols  seems operat ional  i n  the  presence 
of multipath in t e r f e rence  i f  s igna l  capture can be 
r ea l i zed  i n  the receiver .  

Figs. 5 and 6 a r e  p l o t t e d  f o r  type I1 capture  
e f f e c t .  I n  these  two examples, we use the same s e t  



of pa ra re t e r s  as i n  Figs. 3 and 4.  Fig. 5 is  done 
f o r  %=y= ---=y while Fig. 6 is done f o r  y/y-l 
=0.5. Figs. 5(a) and 6(d show D vs  S f o r  pure ALOHA 
while Figs. 501) and 6(b) a r e  done f o r  s l o t t e d  
ALOHA. Again we observe that multipath interference 
can be d i sa s t rous  when q,=y=*-*=y and when y / ~ f - ~  
=0.5 both protocols a r e  operat ional  i f  capture  can 
be r ea l i zed  i n  t h e  receiver .  Comparing Figs. 5 and 6 
with Figs. 3 and 4 we observe that type I captura 
shows b e t t e r  performnce which is reasonable. 

AT= 0 - 

R = l  
K = 5  - 
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30 10 T- 

200 - 
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