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Abstract

The increased usage of directional methods of commu­
nications has prompted research into leveraging direction­
ality in every layer of the network stack. In this paper,
we explore the use of directionality in layer 3 to facilitate
routing in highly mobile environments. We introduce Mo­
bile Orthogonal Rendezvous Routing Protocol (MORRP),
a lightweight, but scalable routing protocol utilizing di­
rectional communications (such as directional antennas
or free-space-optical transceivers) to relax information re­
quirements such as coordinate space embedding, node lo­
calization, and mobility. This relaxation is done by intro­
ducing a novel concept called the directional routing table
(DRT) which maps a set-of-IDs to each directional interface
to provide probabilistic routing information based on inter-
face direction. We show that MORRP achieves connectiv­
ity with high probability even in highly mobile environments
while maintaining only probabilistic information about des­
tinations. We also compare MORRP with various proactive,
reactive, and position-based routing protocols using single
omni-directional interfaces and 8 directional interfaces and
show that MORRP gains over 10-14X additional goodput
vs. traditional protocols and 15-20% additional goodput
vs. traditional protocols using multiple interfaces. 1

1. Introduction

A recent trend in wireless communications has been
the desire to leverage directional forms of communications
(e.g. directional smart antennas [9], Free-Space-Optical
transceivers [11], and sector antennas) for more efficient
medium reuse, increased scalability, enhanced security and
potential for higher achievable bandwidth. In previous work
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with directional antennas [9] [10], it was shown that ca­
pacity improvements using directional over omnidirectional
antennas are dramatic - even just 8 directional interfaces re­
sults in a theoretical capacity gain of SOX.

Additionally, there has been a large push in the free space
optical (FSO) community to use FSO to compliment tradi­
tional RF methods [4]. FSO has several attractive charac­
teristics like (i) dense spatial reuse, (ii) low power usage,
(iii) license-free band of operation, and (iv) relatively high
bandwidth compared to RF but suffers from (i) the need
for line ofsight (LOS) and (ii) reduced transmission quality
in adverse weather conditions. Yuksel et al. [11] proposed
several ways to mitigate these issues by tessellating low cost
FSO transceivers in a spherical fashion and replacing long­
haul point-to-point links with short, multi-hop ones.

Given the seemingly large increases in medium reuse and
potential for higher bandwidth in directional forms of com­
munications, it becomes interesting to investigate how di­
rectionality can be used to complement and even enhance
wireless networks in all layers of the stack. There are
several challenges associated with using directionality in
mobile networks. Unlike omnidirectional antennas where
neighbor reach depends almost exclusively on range, nodes
using directional antennas need also take into account the
neighbor's direction and map it to a specific interface in that
direction. Additionally, nodes closer to a source seemingly
incur more relative dynamism than nodes farther away. In
this paper, we address these issues and propose utilizing di­
rectionality for a novel purpose: to facilitate layer 3 routing
in highly mobile environments without the need for flooding
either in the route dissemination or discovery phase.

Our protocol, Mobile Orthogonal Rendezvous Routing
Protocol (MORRP) is based on two fundamental primitives:
a) local directionality is sufficient to maintain forwarding
of a packet on a straight line, and b) two sets of orthogo­
nal lines in a plane intersect with high probability even in
sparse, bounded networks. Cheng et al. [5] showed that
in static wireless mesh networks, by forwarding packets to
nodes intersected by a pair of orthogonal lines originating
from a source and destination, one can successfully route
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