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Abstract— In this paper, we investigate the resource optimization problem in MIMO multi-hop wireless networks to
maximize throughput with given resource constraints. We
propose algorithms with low complexity to achieve maximum
capacity. The main idea is to determine the rank of the optimal
transmit covariance matrix and the optimal power allocation of
each node separately using our low-complexity algorithm. In
addition, we reduce the complexity of our algorithm by adding
another preprocessing algorithm. Using our algorithms, we find
that while dynamical allocation of time and power could increase channel capacity, equal time and power allocation
among different nodes may not cause much capacity loss.
Numerical results confirm our finding.
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I. INTRODUCTION
In cellular and wireless local area networks, wireless communication only occurs on the last link between a base station and
the wireless end system. In multihop wireless networks, there
are one or more intermediate nodes along the path that receive
and forward packets via wireless links. Multihop wireless
networks have several benefits: Compared with networks with
single wireless links, multihop wireless networks can extend
the coverage of a network and improve connectivity. Moreover,
transmission over multiple short links might require less
transmission power and energy than that required over long
links. Moreover, they enable higher data rates resulting in
higher throughput and more efficient use of the wireless medium. Multihop wireless networks avoid wide deployment of
cables and can be deployed in a costefficient way. In case of
dense multihop networks, several paths might become available that can be used to increase robustness of the network
[1]–[5].
Nowadays multiple-input-multiple-output (MIMO) has been
widely used in wireless networks to enhance the capacity, thus
new problems appear on MIMO multi-hop channels [12] [13].
Multiple input multiple-output (MIMO) systems are a natural
extension of developments in antenna array communication.
While the advantages of multiple receive antennas, such as gain
and spatial diversity, have been known and exploited for some
time, the use of transmit diversity has only been investigated
recently. The advantages of MIMO communication, which
exploits the physical channel between many transmit and receive antennas, are currently receiving significant attention.
While the channel can be so nonstationary that it cannot be
estimated in any useful sense, in this article we assume the
channel is quasistatic [6]–[11].

MIMO systems provide a number of advantages over single
antenna- to-single-antenna communication. Sensitivity to fading is reduced by the spatial diversity provided by multiple
spatial paths. Under certain environmental conditions, the
power requirements associated with high spectral-efficiency
communication can be significantly reduced by avoiding the
compressive region of the information-theoretic capacity
bound. Here, spectral efficiency is defined as the total number
of information bits per second per Hertz transmitted from one
array to the other.
We investigate the resource allocation in MIMO multi-hop
channels in this paper. We want to maximize the throughput of
the whole multi-hop channel so we need to optimize the allocation of the total power and time slots. For the power allocation, we consider two constraints of a total sum power budget
and a maximum power per hop [14] [15]. The total sum power
constraint corresponds to the maximum sum power that a given
packet is allowed to consume throughout its propagation from
source to destination, while the maximum power per hop corresponds to the maximum power that each relay node can provide. Given a total sum power constraint, how to allocate power
budget with low complexity to each node to realize maximum
throughput is discussed.
Before, in order to derive the optimal power allocation of
each node, one needed to determine the power allocation and
the rank of the optimal transmit covariance matrix jointly. In
addition, one may need to solve non-linear equations for exponential times, which leads to a high complexity. We propose
an algorithm to reduce the algorithm complexity by determining the rank of the optimal transmit covariance matrix and
power allocation separately. Also we reduce the number of
non-linear equations from an exponential order to only one
non-linear equation. For the time allocation, we discuss both
the fixed and adaptive time allocation. The transmission from
the transmitter to the receiver via a number of intermediate
nodes can operate in a time division multiplex (TDM) manner
using a series of time slots. The case using equal time durations
is referred to as the fixed time allocation scheme while the case
using time slots of different time durations is referred to as the
adaptive time allocation scheme [16]. From the perspective of
end-to-end throughput maximization, we show the difference
between these two schemes.
The rest of this paper is organized as follows. In Section II,
we present our system model. In Section III, we discuss the
resource allocation for a system with fixed time division. Section
IV discusses similar problems for a system with adaptive time
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