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Abstract — We explore the power-delay tradeoff
for a time-slotted multiple user system with random
packet arrivals and limited sharing of user queue infor-
mation. We analyze the average power consumption
to minimize delay with full and only local queue infor-
mation, as well as without regards to delay. A simple
scheme with one bit of global queue information is
presented. The scheme uses superposition coding to
afford reliably received in the presence of collisions
and can achieve power-delay trade-offs between min-
imizing energy and minimizing delay.

I. INTRODUCTION

The time-slotted ALOHA system models systems with bursty
arrivals. Its use is motivated by its simplicity in that there is
no coordination amongst users. The capacity region of such
systems when allowing coding of packets and variable reliably
received rates has recently been introduced [1] and is in general
independent of burstiness and user queue information sharing.
Delay and power consumption, however, are not in general
independent of burstiness and user queue information.

II. MODEL

Each transmitter {:ci}?zl has a power constraint P and they
share a discrete-time additive multiple access channel with
additive i.i.d. noise w ~ N(0,0%):

k) = 3 k] + wik].

Time slots are very long in terms of transmissions so that
data may be coded to achieve rates near information-theoretic
bounds. We denote CO?V (z) (C;%t (:1:)) as the capacity (min-
imum power required) to transmit at power (rate) « for mem-
oryless noise of variance o%. Packets of length b arrive to
each user’s transmission buffers according to an independent
Bernoulli process of probability p. Thus each user’s arrival
rate (in bits per transmission) is A = %b. A user’s queue (of in-
finite capacity) contains all packets not yet successfully trans-
mitted. Delay is measured in slots beyond the slot in which
the packet arrived. This is a discrete time controlled stochas-
tic system; for stability purposes we assume C,?V (2P) > 2X.

III. BOUNDARIES OF THE POWER-DELAY TRADEOFF

REGION

To minimize delay to O slots with global queue information,
the average amount of aggregate power consumed is
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Figure 1: (left) expected power consumption for different
schemes and (right) delay for proposed scheme
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With only local queue knowledge, the minimum average
power consumption is given by b

2 2y -1 2
P - =) e (2).

To stably minimize average power consumption in the ab-

sence of delay constraints, we have

P, - i) =03 (2.

IV. A SYSTEM WITH LIMITED QUEUE INFORMATION
We now present a coding scheme that addresses the burstiness
of packet arrivals by affording variable reliably received rates
with very limited queue information. When all queue lengths
are small, users employ a superposition coding scheme that af-
fords reliably received rates even in the presence of a collision,
and larger rates when others do not transmit (see [1]). When
any user’s queue crosses the threshold 7, users transmit using
a multiple access scheme. By varying n and the superposition
coding scheme parameters, the power-delay operating points
may approach all the boundaries mentioned in the previous
section.

Lyapunov function techniques similar to those in [2] along
with Little’s Law provide bounds on the expected delay T:
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