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Guest Editorial
Analysis and Synthesis
of MAC Protocols

|. INTRODUCTION The evolution of new telecommunications media such as
Ygi&eless and hybrid-fiber-coax, the continual improvement

N RECENT years, we have experienced an unpreceden

growth in the development and deployment of multimedia computing and DSP speeds, and the introduction of new

multiservice wireless and wireline telecommunications systerﬂylt'med'a applications and services present new challenges

and networks. Because of the incredible advance in optical Coﬁpghopgortunlég_s to '\r/:AC deflgne(;sf. his | f
munication technology, it is becoming very cheap to deplo e Guest Editors have selected for this issue a group of pa-

network capacity when it is required in large quantities. Th ers that represent the currentstgte ofthe artin MAC technology
is exemplified in the backbone network where it is now feé_esearch_. The 19 papers appearing here h_ave been chosen out of
sible to provide terabit/s capacity on a single fiber. As a rg-o submissions. These papers cover a wide range of MAC re-

sult, the high-speed telecommunications backbone networkslglI d topics, including new ideas on performance analysis and

being designed based on architectures that are much simplit? ancement, QoS improvements, and efficient operation. This

in their networking intelligence taking advantage of the high ciesue is especially focused on MAC design and analysis for

pacity and the relatively smooth traffic resulted from heavy mufMerging applications. These include MAC’s for maobile, wire-

tiplexing. In contrast, the capacity required by access nodegﬁ§s’ad hog satellite, cable modem, and personal communica-

between one-thousandth and one-millionth of the capacity avdipns networks. Design goals include the implementation of an

able in the backbone. Despite the fact that the overall utiliz?’tf--f'cIent mulﬂple-qocess communications n'etwork systgm that
tion in the access network is typically very low, especially ineets QoS objectives for the support of multimedia services and

the residential component of the network, many user applic%[—)pl'cat'ons'

tions induce highly bursty traffic flows that result in periods of

congestion. In addition, unlike core backbone networks, access ||, MAC T RADEOFFS POLLING/RESERVATION VERSUS
networks rely, in many cases, on the wireless medium. Hence, CONTENTION

capacity is limited and more expensive than in the case of op-_l_h fund | MAC tradeoff b li icall
tical fiber, and transmission is more error prone requiring furthgr € fun _amenta t_ra €0 etween polling, typically
é{_reservatlon, and contention, or, equivalently, the tradeoff be-

capacity for error correction and packet retransmission. Con . . . . .
pacity P ?yveen efficiency and simplicity, has been an important issue de-

quer_1t|y, the access part of the network has b_e en, anq W'I.l IIk(:"o:yated and analyzed for the last 30 years. The paper entitled “Ac-
continue to be, the most costly part of the information infra-

efficient and reliable medium access control protocol (MAC).;\0 approaches. The next paper, “CSMA with Reservations by
The MAC protocol layer functions just above the physicahierruptions (CSMA/RI): A Novel Approach to Reduce Colli-
layer and is designed to ensure orderly and fair access to a shagigfls in CSMA/CD,” by Foh and Zukerman, presents a scheme
medium. It manages and controls the apportionment of acc@gfich is a compromise between the two approaches, where col-
capacity among many active end users. A capable MAC prigsions are significantly, but not entirely, reduced for the cost
tocol should allow the network service provider to synthesizg some additional complexity. A performance comparison to
services that meet specified quality of service (QoS) requirether collision and reservation protocols then follows.
ments, while its implementation should be efficient, fair, and
simple. Meeting these conflicting requirements has been a chal-
lenge for MAC designers since the invention of the ALOHA
protocol in the late 1960s. Significant research efforts have beerone of the prominent trends in design of modern MAC proto-
made in this area, which led to many ideas, solutions, implemesdls is to employ a central rather than a distributed architecture.
tations, and standards. However, despite this extensive rese&®eljuest signals are sent by users to a central controller which
effort, there is still a strong need for continuing MAC researclallocates bandwidth based on a given scheduling algorithm. The
use of such a scheduler allows some control over the capacity al-
located to different services, and hence the control and provision
Publisher Item Identifier S 0733-8716(00)07139-0. of QoS requirements. This section provides several examples of
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the effective use of such a scheduler applied to a range of MABGses that a collection of MAC protocols will be used, and the
protocols. choice for the best one to use should be done automatically in
Bushmitchet al, in the paper “Supporting MPEG Videoresponse to changing and unpredictable network conditions.
Transport on DOCSIS-Compliant Cable Networks,” propose a
new enhanced scheduling algorithm for yanable bit rate_ (VB.R\). MACS FORMOBILE WIRELESS AND SATELLITE NETWORKS
video over data over cable system interface specification
(DOCSIS). The advantage of the new scheme over the existingAccess control is a key issue in the next-generation broad-
one is demonstrated by simulations. In the paper “Pollinggand mobile wireless and satellite networks. Generic bandwidth
and Contention-Based Schemes for TDMA-TDD Access tllocation and efficient spectrum utilization are most critical in
Wireless ATM Networks,” by Musumeocet al, the authors the system design. This section covers many of the most im-
demonstrate that in the case of TDMA-TDD wireless ATMortant research issues in the area of wireless MACs. In the
access, an adaptive scheduler can improve QoS and efficiepaper “SEAMA: A Source Encoding Assisted Multiple Access
for a contention-based scheme beyond that of polling f@rotocol for Wireless Communications,” Alasti and Farvardin
nonreal-time VBR and UBR traffic conditions. A MAC for present a new access protocol which exploits the time variations
broadband wireless local loop, based on multicarrier CDM#éf the speech coding rate, through statistical multiplexing, to ef-
having dynamic bandwidth allocation capabilities, is proposdidiently use the available bandwidth and to increase the link uti-
and studied in the paper “IP QoS Delivery in a Broadbariitation. The second paper, “A Near-Optimum MAC Protocol
Wireless Local Loop: MAC Protocol Definition and Perfor-Based on the Distributed Queueing Random Access Protocol
mance Evaluation” by Baioccleit al. (DQRAP) for a CDMA Mobile Communication System,” by
The paper “Contention-Free Distributed Dynamic Reservalonsoet al, gives an overview of a new near-optimum MAC
tion MAC Protocol with Deterministic Scheduling (C-FR suitable for a CDMA system and minimizes the total number of
MAC) for Wireless ATM Networks,” by Kanget al., provides spreading codes needed to achieve a given throughput.
a MAC which implements a scheduling algorithm which aims The next paper, “Design of a Medium Access Control Feed-
to maximize efficiency while meeting QoS requirements faBack Mechanism for Cellular TDMA Packet Data Systems,” by
the real-time-VBR traffic class. Fantacci and Nannicini, in thealachandraet al., deals with the introduction of a simple and
paper “Performance Evaluation of a Reservation TDMA Preebust packet channel feedback mechanism for an IS-136 based
tocol for Voice/Data Transmission in Personal CommunicatiofDMA packet data channel with flexible resource allocation on
Networks with Nonindependent Channel Errors,” propose abdth the uplink and the downlink. In the paper “A Nonpreemp-
study the performance of a new random reservation TDMi#ve Priority-Based Access Control Scheme for BroadbAdd
scheme. They demonstrate that efficient integration of voice aHdc Wireless ATM Local Area Networks,” Deng and Chang
data is achievable. describe a nonpreemptive priority based access control scheme
which modifies the CSMA/CA protocol in the contention pe-
riod supporting various qualities of service while maintaining
high bandwidth utilization. The paper “Design of an Access
Traditionally, MAC’s were designed to be simple. The neebllechanism for a High Speed Distributed Wireless LAN,” by
for speed and simplicity in the MAC layer outweighed the berfsummalla and Limb, presents a novel wireless transceiver ar-
efit of efficiency. This is still evidenced by the wide use of Ethehitecture that mitigates the hardware cost by overlaying the
ernet. However, with the rapid advances in computing speeddéta channel and the feedback channel in the same frequency
is becoming plausible to design more complex MAC protocoland. The proposed protocol called wireless collision detect
in order to improve efficiency. For example, intelligent softwar@VCD) greatly decreases the collision probability. Finally, Ko-
could support MAC protocols in achieving better utilization anthitim and Tohme, in their paper “Performance Analysis of Mul-
in meeting QoS requirements. We have three examples of stighe Access Protocols for Multimedia Satellite Networks,” ana-
intelligent MACS. lyzes several TDMA-based packet multiple access protocols for
In the paper “Intelligent Medium Access for Mobite Hoc multimedia satellite networks and proposes new mechanisms
Networks with Busy Tones and Power Control,” by \&ual, for access optimization.
the authors demonstrate that an increase in utilization can be
achieved by implementing a MAC which adaptively controls
the power in mobilead hocnetworks. Yuang and Tien, in their
paper “Multiple Access Control with Intelligent Bandwidth Al-  The Institute of Electrical and Electronic Engineers (IEEE)
location for Wireless ATM Networks,” propose an integratednd the European Telecommunications Standards Institute
MAC/bandwidth allocation system incorporating, in particula(ETSI) are very active in the standardization of MAC protocols
a self-constructing neural-fuzzy inference network for self-sinfier wireless LANs and hybrid fiber coaxial (HFC) networks.
ilar traffic prediction. Through analysis and simulation, theyhis section includes three papers facing specific issues related
demonstrate the benefit of their approach with respect to nai-standard MAC protocols: IEEE 802.14, IEEE 802.11, and
work utilization, QoS satisfaction, and efficiency. Instead dfllPERLAN Type 1. The latter is being specified by ETSI.
using a specific MAC protocol, the paper “Meta-MAC Proto- In a two-way hybrid fiber coaxial (HFC) network, such as
cols: Automatic Combination of MAC Protocols to Optimizethe existing IEEE 802.14 standard, the headend determines how
Performance for Unknown Conditions,” by Faragjoal, pro- many minislots to allocate to manage collisions. The paper “Sta-
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tistically Optimized Minislot Allocation for Initial and Collision and support. In all, this issue is a result of an effort involving
Resolution in Hybrid Fiber Coaxial Networks,” by Yin and Lin,about 200 people. The Guest Editors wish to use this opportunity

proposes a minislot allocation (SOMA) algorithm to optimizéo express their thanks to all contributors.

minislot throughput based on statistical estimation.

The capacity of the MAC protocol adopted in the IEEE
802.11 standard for WLANSs is analyzed in the paper “IEEE
802.11 Protocol: Design and Performance Evaluation of an
Adaptive Backoff Mechanism,” by Calet al. The paper
presents an algorithm for the dynamic tuning of the backoff
parameters. Through a Markovian analysis, it is shown that
the capacity of the IEEE 802.11 protocol with the dynamically
tuned backoff approaches its theoretical throughput limits in all
the configurations analyzed.

The paper “HIPERLAN/1 MAC Protocol: Stability and Per-
formance Analysis,” by Anastast al, analyzes the MAC pro-
tocol by focusing on the influence of traffic burstiness on pro-
tocol performance, and on the capability to differentiate service
provided to delay-sensitive and best-effort traffic classes.
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