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Throughput Capacity of Multi-Channel Hybrid Wireless
Network with Real Antenna Signal Model

Chen Lin

Abstract—Throughput capacity plays an important role in
wireless network theoretical analysis and wide applications.
Especially, it is the basis for some specific application networks,
such as vehicular ad hoc networks, wireless sensor networks.
Since antenna can reduce interference, it can greatly improve
the wireless network capacity. In the paper, the throughput
capacity of multi-channel hybrid wireless network with read
antenna signal model is investigated. Furthermore, the
theoretical upper bound of the network is obtained which will
give the guideline to improve the network performance.

Index Terms—Throughput capacity, multi-channel hybrid,
real antenna signal model, vehicular networks.

I. INTRODUCTION

Capacity is one of the most important problems in wireless
ad hoc networks, which provides the theoretical guideline to
its improvement [1]. Moreover, it depends on many aspects
of networks such as network architecture, network topology,
traffic pattern, network node density, number of channels
used for each node, transmission power level, and node
mobility[2], [3].

In the landmark paper [4], Gupta and Kumar showed that
the throughput capacity (n) obtainable by each node for a

randomly chosen destinationis ~ /~v"1°9" pits/s assuming
that " number of mobile nodes are placed randomly, a
somewhat disappointing results. Inspired by this work, many
researchers have investigated the capacity issue for wireless
networks under various constraints and tried to find out the
method to improve the throughput capacity [5].

Exploiting mobility is one way to improve throughput
capacity [6], [7]. Base station is another method. In [8], it was
shown that to achieve better investment in the infrastructure
is needed. Kozat and Tassiulat[9] showed that for random ad
hoc networks with infrastructure support where the ratio of
wireless nodes to base station is bounded above by some

constant, a throughput capacity of 1 cannot be obtained.
Another method to improve the throughput capacity of
wireless networks is to use multiple channels. Kyasanur and
Vaidya [10] studied the impact of the number of channels and
interfaces per node on the capacity of multi-channel ad hoc
networks as the number of ad hoc nodes, n increases.
Moreover, Bhandari and Vaidya [11] studied connectivity
and asymptotic transport capacity of the multi-channel pure
ad hoc networks with channel switching constraints.
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Recently, directional antennas have emerged as a
promising technology due to the higher spatial reuse ratio
[12], [13]. The capacity of single channel ad hoc networks
using directional antennas was investigated in [12]. [13]
explored the throughput capacity of random single channel
directional networks with one-hop relay schemes. Base
station and directional antennas are combined considered in
[14]. The capacity of multi-channel wireless networks with
multiple directional antennas are studied in [15]

However, few studies considered the directional antenna
radiation pattern impact on multi-channel hybrid wireless
networks. We call the multi-channel hybrid networks with
real antenna signal support as MC-HRA networks. To the
best of our knowledge, there is no theoretical analysis on the
throughput capacity of such networks. The paper
concentrates on finding the capacity upper bound for an
MC-HRA network and exploring the benefits of this
network.

The remainder of the paper is organized as follows:
Definition and notation used in the paper are summarized in
Section I1; real signal antenna model is described in Section
I11; then the upper is presented in Section IV. We summarize
our work in Section V.

Il. DEFINITION AND NOTATION

We use the following notation to represent asymptotic
bounds:

fn gn means there exists some constant  and
integer N suchthat forn N.

fn gn meansthat im, fn/gn O

fn gn meansthat g n fn

fn gn meansthat g n fn

fn gn means  that fn gn and
gn fn

The traffic between a source-destination pair is referred to
as a "flow". As in [2], we say that per flow capacity is if
each flow in the network can be guaranteed a throughput of at
least , and the network capacity is defined to the aggregate
throughput over all the flows in the network, n .

I1l. MODEL

MC-HRA networks consist of base stations and ad hoc
nodes. All these nodes and stations are uniformly distributed
on the surface of a unit torus. Ad hoc nodes alone form a
connected topology graph with high probability. In other
words, any pair of ad hoc nodes can communicate with each
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other along the paths that cross only the ad hoc nodes with
probability close to one. Base stations are connected through
wired and alternative wireless links with relatively high
bandwidth. Moreover, base stations only relay traffic, and do
not generate their own data. Ad hoc nodes are also allowed to
utilize the infrastructure network composed by base stations.

These ad hoc nodes are capable of transmitting and
receiving W bits/s via all ¢ channels, and the base stations can
also communicate with ad hoc nodes by these common
channels. Any node is equipped with m interfaces, and each
interface is assumed to be capable of transmitting or
receiving data on any channel. For simplicity, the
permutation traffic model is adopted where implies that each
node is the source of exactly one flow, and each node is the
destination of exactly one flow [10], [11]. As [9] Each ad hoc
node generates a flow with rate C for a random destination.
n and k are the number of ad hoc nodes and base stations,
respectively. We assume that the number of ad hoc nodes per
base station is bounded and lm,, ¢ n/k £ where

Ee« O, f .

A. Real Antenna Signal Model

In this paper, the practical directional antenna is adopted
so that we use a hybrid antenna model [12]. In the model, the
effect of side lobes and back lobes are considered which is
shown in Fig 2. The main lobe of beamwidth is
characterized as a sector. Side lobes and back lobes form a
circle. We define parameter S as the ratio of the radius of the
circle and the sector, which is generally less than 1.

. :TQU ection

Fig .1. Real antenna signal model.

B. Interference Model

The protocol model proposed by Gupta and Kumar [4] is
extended to include directional antennas in the paper. It is the
receiver-based interference model proposed in [15]. Our
model also only considers both directional transmission and
directional reception.

Suppose node X; transmits over the mth channel to a

node X . Then this transmission is successfully received by

node X,

transmitting over the same channel,
zone ' 10, the following condition holds.

for every other node Xy simultaneously

and the guard

X Xj[t1 X X

or Xy 'sbeamdoesnotcovemodeX

X also denotes the location of a node.

C. Channel Model

The total data rate is divided equally among the channels,
and then the data rate supported by any one of the € channels

is W/C pits/s.
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IV. UPPER BOUND

The capacity of MC-HRA networks is limited by two
constraints, and each of them is used to obtain a bound on the
network capacity. The minimum of the two bounds (the
bounds depend on ratio of the number of channels € to the
number of interfaces m) is an upper bound on the network
capacity.

Constraint 1 Interface Constraints: It can be shown that the
protocol model for interference requires that each
transmission consumes a certain area, and two simultaneous
transmissions occur on the same channel and are successfully
received, the area must be disjoint. Therefore we can bound
the number of areas.

Lemma 1: The capacity of MC-HRA networks is

8 nw

n O .
©f 48 7Ps?logn:

2

Proof: for MC-HRA networks, the condition interference

zone is 2 7 portion of that when
g

S 1 s?

ominidirectional antennas are used at both ends [4,15]. Since
for ominidirectional antennas, Therefore, the interference

zone is Sz 7 2 (r is the transmission
© 142

radius) for each transmission on channel i (1 di dc). Hence,

s? - F

1

1

number of simultaneous transmissions on channel ! must be
smaller than a4s . As a result, given the
riz 72 a4 F 72 s?

average number of hops , for transmissions on channel i,

per node flow capacity @ on channel i , following
inequality holds.

4S5 W
n-a]d u—
N NZE a8 FE oo

It is proved in [4,9]that the transmission radius r; must at
least satisfy the following bound for having a connected
graph with probability one.
log n;

R

rit

Using the inequality and the fact y t1, and there are ¢

channels in networks, with probability of one, the upper
bound holds under any routing and scheduling scheme. For
per flow capacity,

4 3w

Od72 4 g 7232Iogn

So the network capacity of MC-HRA networks is proved:

2§ nw :
@72 48 Fs?logns

Constraint 2 Interference constraints: The capacity of
MC-HRA networks is also limited by the number of
simultaneous transmissions supported by interferences in the
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network.
Lemma 2: The capacity of MC-HRA networks is

§1Wm blts/s
©
Proof: According to the channel model, each interface can
transmit at a rate of W/C bits/s, and each node has m
interfaces, so the total network capacity is bounded by
o Wm -
oc 1

Combining with the two bounds, the network capacity is
bounded by

2§m|n nw nwm -’
© @72 4 & fszlogn C 1y

for MC-HRA networks.
Theorem 1. The upper bound of the capacity of MC-HDA
networks are as follows:

When c is
m
§§72 43 P :
———  Jogn
@ 4 52 1 1
the network capacity is
§ nw bits/s

@7’2 48 Ps?logn s

over a MC-HRA networks.

When c is
m

§§72 43 P&
@ 45

the network capacity is

Jdogn »
! 1

§1W blts/s
© c

over a MC-HRA networks.

While there may be other constraints on capacity as well,
the constraint we consider is sufficient to provide a tight
bound.

V. CONCLUSION

In the paper, we address the throughput upper capacity of
multi-channel hybrid wireless network with antenna support.
MC-HRA network with real antenna signal model is dealt
with. We have found that using directional antennas in
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multi-channel hybrid networks not only can enhance network
connectivity but also reduces interferences. Combining
directional antennas with multi-channel hybrid wireless
network can achieve significant improvement on the network
performance.

Moreover, it is shown that when the radius of side lobes
and back lobes are smaller, the effect on the network capacity
is great. Thus, it is important to design intelligent antenna to
reduce the influence of side lobes and back lobes.
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