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Abstract - Traditional methods for solving mul- 
tiuser control problems in CDMA systems do not 
scale well as the number of users in the system in- 
creases. To address this problem we develop a wide- 
band limit approximation for dynamic programming 
problems in CDMA systems. This approximation 
greatly simplifies the state space and evolution equa- 
tions for the users in a CDMA cell, thereby simpli- 
fying the optimal control problem. This wideband 
convergence result holds for a number of different lin- 
ear multiuser receiver structures including the MMSE 
and matched filter receivers. 

I. SYSTEM MODEL 

Consider a group of K wireless users transmitting data to a 
base station. We assume the variations in the wireless channel 
gain between each user and the base station can be described 
by a finite-state discrete-time Markov chain (DTMC). We will 
denote the state of the i th user’s channel gain a t  t imet as z z ( t ) .  
Let y,(t) be the state of the i th  user’s data buffer at  time t. 

We define the state of user i at time t as zz( t )  = 
(yz(t), z l ( t ) )  E X ,  where the set X consists of all combinations 
of buffer states and channel states for a single user. Using the 
state of each user we can define a state for the entire system 
as the empirical distribution nK(t) over all K users in the cell 
a t  time t:  

K 

k=l 

where I[zh(t+j l  = 1 if mobile IC is in state j at time t and zero 
otherwise. Note that nK(t) is a random vector for finite K .  

In each time slot every mobile selects a power level az( t )  E 
A ,  where A is a finite set of transmission powers. We assume 
each mobile chooses a transmission power according to a power 
control policy g (zz ( t ) ,  n ~ ( t ) ) ,  which maps the state of the i th  
user and the empirical distribution nK(t) into a probability 
distribution across A .  

We assume the probability of mobile i successfully trans- 
mitting a packet of data at  time t depends only on the selected 
control g and the empirical distribution &(t).  Hence we can 
define a transition matrix for the i th  user as P (9, n,(t)) such 
that Pjk(g, &(t) )  = p (zt(t  + 1) = kl&(t) = j ,  g, H K ( ~ ) ) .  

The receiver structure employed a t  the basestation is a lin- 
ear multi-user receiver. As in [ 11, we assume a random spread- 
ing sequence model. Each user is assigned an N length spread- 
ing sequence with chips that are independently and identically 
distributed with mean zero and variance one. 

The linear receiver provides a feature that is critical to 
our analysis. Namely, the wideband limiting SIR for the 
i t h  user can be computed directly [l] for many different re- 
ceiver structures; provided we know the power control policy 

g (zi(t), n ~ ( t ) ) ,  the state of the i th user zi(t) ,  and the empir- 
ical distribution of d l  users nK(t). 

11. WIDEBAND OPTIMAL CONTROL PROBLEM 
Define a cost vector r(g), which determines the cost of choos- 
ing control g for each state in X. 

Proposition 1: As K ,  N ---f ca with $ -+ cy the empirical 
distribution n~ ( t )  obeys the non-linear matrix equation 

lim &(t + 1) = x(t + 1) = n(t)P(g, ~ ( t ) ) .  (2) 

Furthermore, this non-linear matrix equation has a unique 
fixed point. 

K - m  

Let &(g, t) be the random process describing the cost as- 
sociated with the control for user i a t  time t ,  we write the 
value of the power control policy g as 

m 

where the expectation is taken with respect to the state x:i(t) 
and empirical distribution n ~ ( t ) .  
Proposition 2: As K , N  ---f CO with $ -+ CY we have 
VK(g,i) ---f T(co,g)r(g)T, where x(o0,g) is the unique fixed 
point of (2). This simplification allows us to solve the follow- 
ing non-linear optimization problem for the optimal multi-user 
control. 

min.rr(co, g)r(dT (4) 

subject to: 

400,9) = 400, SIP (7r(CO, 9)) 

4 w g ) A  I b 
n(m,g)lT = 1, 

where ~ ( c o ,  g)A 5 b represents a set of quality of service (QoS) 
constraints . 

Proofs of these propositions can be found in [2]. We also 
show that these results hold for a general class of cross-layer 
controls with tight QoS constraints, rather than just power 
control. Traditional formulations of these multi-user cross- 
layer problems are typically intractable due to the curse of di- 
mensionality. The low-dimensional wideband approximation 
provides an approximately optimal control for system sizes 
comparable to those proposed for the next generation CDMA 
networks. 
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