Research Issues in

Wireless
Communications and Networking

Farhat Anwar
Wajdi Al-Khateeb

[TUM Press
INTERNATIONAL ISLAMIC UNIVERSITY MALAYSIA




Research Issues in
Wireless
Communications
Networking

Farhat Anwar & Wajdi Al-Khateeb

IIUDM Press



Published by:
HUM Press
International Islamic University Malaysia

First Edition, 2011
CHUM Press. [TUM

All rights reserved. No part of this publication may be reproduced. stored in a retrieval
system, or transmitted, in any form or by any means, electronic, mechanical,
photocopving. recording. or otherwise. without any prior written permission of the
publisher.

Perpustakaan Negara Malaysia Cataloguing-in-Publication Data

Farhat Anwar & Wajdi Al-Khateeb: Research Issues in Wireless Communications
Networking

ISBN: 978-967-418-149-9

Member of Majlis Penerbitan [lmiah Malaysia — MAPIM
(Malaysian Scholarly Publishing Council)

Printed by :

[1UM PRINTING SDN.BHD.
No. 1, Jalan Industri Batu Caves 13

Taman Perindustrian Batu Caves

Batu Caves Centre Point
68100 Baw Caves
Selangor Darul Ehsan
Tel: +603-6188 1542 /44 / 45 Fax +603-6188 1543

EMAIL: iiumprinting/a vahoo.com



CHAPTER 11

WIMAX MULTIHOP-RELAY
Rashid A. Saeed ™
"ECE Dept, Kulliyyah of Engineering, International Islamic University Malayvsia (I1TUM)
Jalan Gombak. 33100, Kuala Lumpur. Malaysia
“rashidi@ iium.edu.my

11.1 INTRODUCTION

IEEE 802.16) Multihop Relay (MR) is an optional deployment introduced to
enhance the coverage and performance of WiMAX network without the need for
deployving costly Base Stations (BSs). Multithop Relay network comprises Multihop
Relay BS (MRBS) and Relay Stations (RSs). This chapter proposes mesh topology for
IEEE 802.16j using adaptive RS group scheduling. The proposed scheduling algorithm
introduces new signalling to support functions such as soft and hard horizontal-RS
neighbour scanning, bandwidth request, forwarding of PDUs and connection
management. The proposed model is evaluated using NS-2 network simulation. The
simulation results show that the proposed scheduling achieves higher throughput
performance compared to IEEE 802.16j tree-topelogy.

IEEE 802.16) Multihop Relay (MR) is an optional deployment introduced to enhance
coverage and performance for WiMAX network while eliminating the need for deploying
costly BSs. Multihop Relay network is a combination of Multihop Relay BS (MRBS} and
Relay Stations (RSs) [1]. Each RS is under the supervision of an MRBS. The standard
defines and organizes RSs in a tree structure topology with the MRBS in the tree root. Each
branch in the tree is identified as RS group. Data and signalling traffics scheduled for each
RS group use the same path which is performed by the RS paging group updates. The main
distinguishable characteristic of mesh and relay networks is the possibility of a multi-hop
communication [2].

Multi-hop communication occurs when data traverse from the source node to the
destination node is done via more than two hops. This feature will significantly extend the
range of the network without the need for other costly BSs. The maximum allowable number
of hops must be carefully considered because transmission time will increase with higher
number of hops which lead to degradation in the throughput. Multi-hop based network may
also improve the system performance by using a cooperative relay technique. This is
accomplished by sending the information simultaneously via multiple paths and combining
the received information at the receiver side [3].

IEEE 802.16j i1s an extension to 802.16e which is a mobile WiMAX. The main objective
of IEEE 802.16j 1s to increase the coverage and data rate for the nodes in the cell edge using
relay station (RS) which will forward the messages based on “amplify and forward™ (AF) or
“coding and forward™ (CF) [4]. The RS is totally transparent for the mobile nodes. The RS
can be transparent or non-transparent bascd on the intelligence that the RS has. In this case
the transparent RS does not have a preamble or FCH in the frame structure. While the non-
transparent RS frame structure has all the parts that the BS has. IEEE 802.16j (multi-hop
relay, MR) standard is intended to enhance the performance of the existing 802.16-2005
products by introducing the relay stations (RSs). The primary goals are to extend the
coverage area. enhance the throughput and the system capacity. save the battery life of SSs
and minimize the RS complexity [3].

This standard is backward compatible with IEEE 802.16e, so that conventional 802.16
SSs terminals will function normally in MR enhanced infrastructure. On the other hand. some
modifications to BS should be made to allow for communication with RSs and support of
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