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ABSTRACT

The growing demand [or mobile Internet
and wircless multimedia applications has maoti-
valed the development of broadband wireless-
access lechnologies in recent years. Mobile
WiMAX has enabled convergence ol mobile
and lixed broadband networks through a com-
mon wide-area radio-access technology and
Mexible network architecture. Since January
2007, the IEEE 802.16 Working Group has
been developing a new amendment of the IEEE
802.16 standard (i.e., IEEE B(02.16m) as an
advanced air inlerface 1o meel Lthe require-
ments of ITU-R/AMT-advanced lor 40 sysiems,
as well as [or the next-generation mobile net-
work operalors.

Depending on the available bandwidth and
multi-antenna mode, the next-genceration mobile
WiMAX will be capable ol over-the-air data-
Lransfer rates in excess of 1 Gh/s and ol support-
ing a4 wide range ol high-qualily and
high-capacity 1P-based services and applications
while maintaining [ull backward compatibility
wilh the existing mobile WiMAX syslems o pre-
serve invesiments and continuing Lo support
lirst-generation products. This tuorial describes
the prominent technical leatures of IEEE
80Z2.16m and the potential for successful deploy-
ment of the next generation of mobile WiMAX
in 20M1+.

INTRODUCTION

The growing demand [or mobile Internetl and
wireless multimedia applications has motivated
the development of broadband wireless-access
lechnologies in recent years. Mobile WiMAX
wis Lhe [irst mobile broadband wireless-access
solution based on the IEEE B02.16e-2005 stan-
dard |1] that enabled convergence of mobile and
lixed broadband networks through a common
wide-area radio-access lechnology and [lexible
network architecture. The mobile WiMAX air
interface utilizes orthogonal requency division
multiple access (OFIDMA) as the prelerred mul-
liple-access method in the downlink (I2L) and
uplink (UL) lor improved multipath perfor-
mance and bandwidth scalability. Since January
2007, the IEEE 802.16 Working Group has

embarked on the development of a new amend-
ment of the IEEE 802.16 standard (i.e., IEEE
802.16m) as an advanced air interface 1o meel
the requirements of the International Telecom-
munication Union — Radiocommunication/
International Mobile Telecommunications (I'TU-
K/AMT)-advanced [or [ourth-generation (406)
syslems, as well as the next-generation mobile
network operalors.

Depending on the available bandwidth and
multi-antenna mode, the next-generalion
mobile WiMAX will be capable ol over-the-air
data-transfer rates in excess of 1 Gb/s and sup-
porl a wide range ol high-gquality and high-
capacity IP-based services and applications
while maintaining full backward compatibility
wilh the existing mobile WiMAX sysiems Lo
preserve investments and conlinuing 1o support
lirst-generation products. There are distinclive
[catures and advanilages such as [Mexibility and
Lthe extensibility of its physical and medium-
access-layer protocols that make mobile
WIMAX and its evolution more attractive and
more suitable [or the realization ol ubiguitous
mobile Internel access.

The next-generation mobile WiMAX will
build on the success ol the existing WiMAX
lechnology and its time-lo-markel advantlage
over olther mobile broadband wireless access
lechnologies. In Fact, all OFIDM-based, mobile
broadband access technologies that have been
developed lately exploil, enhance, and expand
Mundamental concepts thal were originally uti-
lized in mobile Wil AX.

The IEEE B02.16m will be suitable [or both
green-lield and mixed deployments with legacy
mobile stations (M5s) and base stations (135s).
The backward compaltibility leature will allow
smooth upgrades and an evolution path [or the
existing deployments. It will enable roaming
and seamless connectivity across IMT-advanced
and IMT-2000 systems through the use ol
appropriate interworking lunctions. In addi-
tion, the IEEE B02.16m system utilizes multi-
hop relay archilectures [or improved coverage
and performance. This article briefly describes
the salient technical lfeatures of IEEE B2.16m
and the potential for successful deployment of
Lthe next generalion of mobile WiMAX in
2011+,
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IEEE 802.16M SYSTEM The IEEE B02.16m syslems are expected Lo
meel all service requirements [or IMT-advanced
REQUIREMENTS AND SySLems as spﬂﬂifiE-l:l by Report ITU-R M.1822
EvaLuatioNn METHODOLOGY | 7], where compliance is verilied through inspec-
Llion [4].
Full backward compatibility and interoperability TEII.‘:l IEEE 802.16m evaluation methodology
wilth the reference system is required for IEEE document |3] provides simulation parameters
B0Z.16m sysiems, although the network operator and guidelines [or evaluation ol the candidate
can disable legacy support in green-licld deploy- proposals againsi the IEEE B0O2.16m system
menis. The reference sysiem is delined as a sys- requirements |6]. The evalualion scenarios and
lem Lhat is compliant with a subset of the IEEE  associated parameters specilied in IEEE
BOZ.16e-2005 [1] lcatures as specilied by the 802.16m evaluation methodology document are
WiMAX Forum mobile system profile, Release based mainly on those thal were used lor Lthe
1.00|2]. The backward compatibility leature evaluation of the reference sysiem [8] 1o bench-
ensures a smooth migration [rom legacy 1o new  mark the relative improvements. There are simi-
syslems withoul any signilicant impact on the larities and dillerences between the evaluation
performance of the legacy systems, as long as guidelines, tesl scenarios, and conliguration
Lthey exist. Furthermore, the requiremenis for  paramelers specilied by Report ITU-R M.2135
IEEE B02.16m were selected 1o ensure competi- [4] and the IEEE 802.16m evaluation methodol-
Lliveness with the emerging 40 radio-access lech- oy document |5]. Compliance wilth Report I'TU-
nologies while improving and extending existing R M.2134 requirements in at least three Lest
functionalities of the reference sysiem. environmenis is required.
The IMT-advanced requirements defined and
approved by ITU-R/Working Party 513 and pub-
lished as Report ITU-R M.2134 [3] are referred NETWORK REFERENCE MODEL AND
Lo as largel requirements in the IEEE 802.16m
syslem rfquimimm document and will be evalu- IEEE 802.16m ProTOCOL
ated based on the methodology and guidelines STRUCTURE
specilied by Report ITU-R M.2135 [4]. The
baseline performance requirements will be eval- The WiMAX Network Architeciure Release 1.0
uated according o the IEEE B(02.16m evaluation [9] specilies a non-hierarchical, end-1o0-end net-
melhodology document [5]. A carelul examina- work reference model (Fig. 1) lor mobile
tion of the IMT-advanced requirements reveals  WiMAX thal can be expanded (o [urther include
Lhaal they are a subsel of, and less stringenl than, optional relay entities [or coverage and perlor-
Lthe IEEE B02.16m sysiem requirements; there- mance enhancement in [ulure releases.
fore, the IEEE 802.16m standard can qualily as The IEEE B02.16 standard | 1] describes
an IMT-advanced technology. Table 1 summa- medium-access-control (MAC) and physical-
rizes the IEEE 802.16m baseline system require- layer (PIIY) protocols for lixed and mobile
menis and the corresponding requirements  broadband wircless-access sysiems. The MAC
specilied by Report ITU-R M.2134 |3]. In the and PHY lunctions can be classified into three
nexl seclions, we brielly discuss how Lhese calegories, namely, dala plane, control plane,
requirements can be met or exceeded through and management plane. The data plane com-
Lhe extension and enhancements of the legacy- prises [unctions in the data processing path
sysiem lunctional [eatures. such as header compression, as well as MAC
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Requirements IMT-Advanced [3] IEEE 802_16m [6]
DL- 15 {4 = 4) DL: 8.0/15.0 (2 = 2/4 = 4)
D e (e UL: 6.75 (2 3 4) UL: 2.8/6.75 (1% 2/2 = 4)
DL{adx2)=22 DL(2x2)=286
Cell spectral efficency (b/'sHz/sector) UL(2x4)=14 UL(1x2)=13
{base coverage urban) (mixed mobility)
e DL{4x2)=0.06 DL (2 = 2) = 0.09
m?e ey s frad ety UL (2 x4) = 0.03 UL (1% 2) = 0.05
{base coverage urban) (mixed mobility)
Laten C-plane: 100 ms (idle to active) C-plane: 100 ms (idle to active)
Y U-plane: 10 ms U-plane: 10 ms
Optimal performance up to 10 km/h
0.5% at 120 km/h .
. Graceful degradation up to 120 km/h
e st ﬁji_;tiﬁﬂ Sl Connectivity up to 350 km/h
" Up to 500 km/h depending on operating frequency
Intrafrequency: 27.5

Handover interruption time {ms)

&0 (i e bands) &0 (between frequency bands)
VolP capacity A0 (4= 2 and 2 = 4)
(Active users/sectorMHz) {Base coverage urban) R

. : DL: 2« 2 (baseline), 2 x4, 4x2 4x4, Bx8
ikl et UL: 132 (baseline), 1 x4, 2= 4, 44
: Up to 100 km
Cell range and coverage Mot specified R e ey
: : . 4 bfsHz for ISD 0.5 km
Multicast and broadcast service (MB5S)  Not spedfied 2 b/t for 15D 1.5 km
MBS channel reselection interruption . 1.0 s {intrafrequency)
time LT 1.5 s {interfrequency)
Location determination latency = 30 s
Location-based services (LBS) Mot specified M5-based position determination accuracy < 50 m
Metwork-based position determination accuracy = 100 m
i : Up to 40 MHz .

Operating bandwidth {with band aggregation) S to 20 MHz {up to 100 MHz through band aggregation)
Duplex scheme Mot specfied TDD, FDD (support for H-FDD terminals)

IMT bands IMT bands

450470 450470

698960 698960

- : 1710-2025 17102025

LRl T 2 2110-2200 2110-2200

2300-2400 2300-2400

2500-2690 25002690

34003600 340032600

Interfrequency: 40 (in a frequen-
cy band)

W Table 1. JIZEE 802 16m and IMT-Advanced sysiem requiremenis

Intrafrequency: 27.5
Interfrequency: 40 (in a frequency band)

and PITY data packet-processing [unctions. A
sel of layer-2 (L2) control [unclions is required
o support various radio resource confliguration,
coordination, signaling, and managemenl. This
sel of Munctions is collectively relerred 1o as the
control-plane Munctions. A management plane
also is delined lor external management and

system conliguration. Therelore, all manage-
ment entities [all into the management-plane
calegory.

The IEEE B02.16 MAC layer is composed of
iwo sublayers: the convergence sublayer (C5)
z-md the MAC common-part sublayer (MAC

CP5) [1). For convenience, we lngjull\' classily
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