








A DISTRIBUTED RESERVATION SCHEME FOR 
SPREAD SPECTRUM MULTIPLE ACCESS CHANNELS 

ABSTRACT 

JEFFREY E. WIESELTHIER 

Naval Research Laboratory 
Washington, D.C. 

A distributed reservation-based multiple access 
protocol is proposed, analyzed and evaluated. 
This scheme is based on the quasi-orthogonality 
property than can be achieved through the use of 
spread spectrum signaling, which permits the 
correct reception of a signal despite the 
simultaneous presence of other channel users. The 
effect on performance of the ability to tolerate 
varying levels of other-user interference is 
demonstrated. No acknowledgment or feedback 
information from the destination is required, nor 
is any form of coordination among the users 
necessary. 

PITRODUCTION 

We consider the problem of channel access by a 
population of bursty users. In such systems only 
a small fraction of the total number of users will 
typically have a packet ready for transmission at 
any time. It is usually assumed that if more than 
one user transmits a packet in any slot, then all 
packets involved in this "collision" are 
destroyed. A large variety of schemes have been 
proposed to handle such multiple access problems, 
including contention-based schemes (e.g., ALOHA), 
fixed allocation schemes (e.g., TDt1A), channel 
sensing schemes (e.g., CSMA), reservation schemes, 
as well as hybrids of two or more of these 
classes. Reservation schemes are often attractive 
because stable operation can be maintained at 
relatively high throughput levels, provided that a 
reservation mechanism can in fact be implemented. 
In this paper we present, analyze, and evaluate a 
distributed reservation scheme that takes 
advantage of the quasi-orthogonality property that 
can be achieved through the use of spread spectrum 
code division multiple access (CDMA) signaling. 
This property permits the successful reception of 
a packet despite the simultaneous transmission by 
other users. The reservation scheme is in fact 
totally distributed in that it does not require 
the transmission of acknowledgment or feedback 
information from the destination to the users. 
Furthermore, no coordination among the users is 
required, nor do they even have to monitor each 
others' transmissions. 
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RESERVATION SCHEMES 

We first discuss reservation schemes in 
general. It is clear that if each terminal knew 
the number of packets waiting in queue at every 
other terminal at all times, it would be possible 
to schedule transmissions so that the channel 
would never be idle when some terminal had a 
packet ready to transmit; it also follows that at 
most one user would transmit in any slot. If 
reservations for these packets could be made 
without expenditure of bandwidth and with zero 
time delay, we would be able to obtain this 
ultimate performance limit for multiple access 
schemes. Such an idealized scheme is called 
perfect scheduling, and represents an ideal 
First-In-First-Out (FifO) queueing system. 
However, in practice each reservation scheme 
suffers the consequences of allocating bandwidth 
for making the reservations, as well as the time 
delay associated with the reservation process. 

In typical reservation schemes (such as 
Roberts' Reservation scheme [1)), each terminal 
first transmits reservation minipackets (which are 
much smaller than the actual information packets) 
to request the assignment of a time slot for each 
packet in its queue. Upon the successful 
transmission of a reservation minipacket, the 
corresponding information packet(s) will in effect 
join a common queue from which they may be 
transmitted, without danger of collision and 
according to whatever service discipline has been 
chosen (e.g., first come first served). 

Under ideal conditions (i.e., a noiseless 
channel where all users are within communication 
range of each other and can thus monitor each 
other's reservation requests) no central 
controller would be needed. The Interleaved Frame 
Flush-Out (IFFO) protocols [2), for example, are a 
class of schemes in which transmission schedules 
are generated by the users in a distributed 
fashion, based upon the reservation requests of 
the population of users. ~11 scheduling decisions 
could be made unambiguously by the users 
themselves in a distributed fashion because they 
would have the same data base after receiving the 
reservation transmissions. In many realistic 
situations, however, it cannot be assumed that all 
users have the same information. Inconsistent 
transmisision schedules can then be generated 
resulting in the simultaneous transmission by two 
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