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ABSTRACT
In this paper, we consider a wireless communication network with multiple users where an
opportunistic scheduler exploiting multiuser diversity is employed. We focus on the joint effect of the queue state at the data link layer and the channel state at the physical layer on the
performance of the opportunistic scheduler. Accordingly, we model the arrival process, the service process and the queue state recursion. We then develop a two dimensional Markov chain
containing the queue state as well as the channel state. From the stationary and limiting distributions of the Markov chain, we derive QoS measures such as throughput, average queue length,
blocking probability and average queueing delay.
INTRODUCTION
In wireless communication networks, the demand for high data rates has been continuously
increasing, but available radio spectrum is extremely limited. In order to enhance the spectral
efficiency over wireless channels, multiuser diversity has been studied for a wireless network
with multiple users [1–4]. Multiuser diversity was introduced by Knopp and Humblet [1], which
is the effect that different users experience peaks in their channel quality at different times [5].
It is known that multiuser diversity is the optimal channel assignment scheme to maximize the
total information-theoretic capacity of a multiuser system [1–3,6].
Tse [6] and Li and Goldsmith [7] suggested a scheduling algorithm over spatiotemporally
varying wireless channels in which different MSs experience different channel conditions at
the same time: at each scheduling instant, the channel should be allocated to the MS with the
most favorable channel conditions. Such a rule is often called Greedy scheduling or MaxSNR
scheduling. Rather than combating the channel variations, the Greedy scheduler exploits the
inherent randomness in channel characteristics to boost the total information-theoretic capacity
of a multiuser system. In this sense, the Greedy scheduler is also called opportunistic scheduler.
In this paper, we consider a down link in a cellular wireless network where a centralized
controller or a base station (BS) communicates with K mobile stations (MSs), denoted by MSk (k = 1, . . . , K). At the data link layer of the BS, K number of logical queues of finite size L
are implemented for MSs. Packets to be scheduled to the same MS are buffered in the same logical queue in the order of arrival. Then, the opportunistic scheduler at the BS forwards packets
in each queue to corresponding MS with the first-in-first-out (FIFO) discipline.
At the physical layer, data are transmitted frame-by-frame through wireless channel, where
the frame duration is constant with length Tf (sec). In our model, we divide time axis into

equal intervals Tf referred as slots and construct a discrete-time system. We adopt a block
fading channel model where the fading channel remains invariant per frame, but is allowed to
vary from frame to frame. To describe the received signal-to-noise ratio (SNR) γ per frame
statistically, we use the general Nakagami-m model because the Nakagami-m model represents
a broad class of fading channels. We also use a discrete-time finite-state Markov chain (FSMC)
channel model as in to describe the fading process of an arbitrary MS-k,
We then focus on the joint effect of the queue state at the data link layer and the channel
state at the physical layer on the performance of the Greedy scheduling. Accordingly, we model
the arrival process, the service process and the queue state recursion. We then develop a two
dimensional Markov chain containing the queue state as well as the channel state. From the
stationary and limiting distributions of the Markov chain, we derive QoS measures such as
throughput, average queue length, blocking probability and average queueing delay.
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