Operators

BP Tiwari
24 Mar 2010
www.beyond4g.org

WIMAX 2.0 for /]


http://www.beyond4g.org/

WIMAX 2.0 FOR OPERRS ~ Mareh 24

2010

Contents
1. EXECULIVE SUMIMALY....ceiiititieiitiee ittt e ettt e ettt e e e ra bt e e st et e et st et e e ek bt e e e aa ket e e aa ket e et e s b e e e e s be e e e anbeeeeenbe e e ennes 4
N |01 0T [ 8 Tox 1 0] o T PSSO PP PPPPPPPRPP 5
3. WIMAX 2.0 AVAIIADIITY. .....eeieeeie ettt sttt eme e st e s s b e e e nb e e e e nenems 6
4. Key feature Of WIMAX 2.0, ... ettt eme sttt e st ee e snne e e s snneeeesnnneeesnnneeessnil
4.1 Backward compatibility and COEXISTENCE..........oiiiiii it 1.
4.2 WIMAX 2.0 Frequency Dand SUPPOIL........oooe ittt 8
4.3 Multi ANTENNE AFCRITECTUNE. .....eeeeeiiieitett ittt e ettt e e e e e e et e e e e bbb bbb e e e e eeeeeeennenne 9
4.3.1. MIMO SChEMES INBIM......cciiiiiiiii ettt e e e e e e e e 9
4.3.2. SUMIMO . ..ottt e e e ettt e e et e ettt e et ae et e e e et e e et e e e aa e e e 9
4.3.3. L 1Y 1Y PP 9
4.3.4. MUILE BS IMIMOQL.... et e ettt e et e e e e e e e et e e e e e e e teaneeatbn e e e e e eenennneas 10
4.3.5. DOWNIINK MIMO MOES.......uueiiiiiiiii ettt e e e e e ennaaas 11
4.3.6. UPIINK MIMO MOGES. ...t 11
4.4 R Y e 12
4.5 U] o= g L= a=To To | (=T o F= Lo PP PPPPUPPPPPPTPPN 14
4.6 L@ TN = 1] A0 | IR o = PP 16
4.7 Advanced Interference ManagemeNt...........coeuuiiiiiiiie e e e e s e e e e e e e e e e nnn 17
4.7.1. Interference Mitigation using Fractional Frequency Reuse (EER).............ccovvvvivvviiiiinieennnn, 17
4.7.2. Interference aware base station COOrdiNAtION..............occevrrrrrremeii e 19
4.7.3. Interference mitigation using power control mechanism and Scheduling........................... 20
4.7.4. Transmit BEam fOrMING........uuuuiieiiiiiis e e e e e e e ee s e e e e e e s s e e e e e aaa s eenaaaaeaaeens 21
4.8 Femtocells and self organizing NEtWOIKS..........cuuiiiiii e 22
4.9 MUIIt RAIO COBXISIENCE. ...ttt eee ettt e et eeee e et e e e e e e s s s s e s eeeeeeeens 23
4,10 Support for EnhanceMlulticast and broadcast services-VBS)..........ccoveeiiiiiiiiiiieeec e 24
4,11  Support for LOCation DASEd SEIVICES........ccuuuiiiiieiiiicee et e e eee e e e e et e e e e e s 25
5. WIMAX 2.0 Pl OIMMANCE. .. .eiitii ettt rmt ettt s bt s b st e nb e e e bt ser e e sbe e e nne e e nneeenes 26
5.1 Peak Spectral EffiCIENCY........ii i 26
5.2 Average Spectral EfficiENCY iN LML ......ii i e 26
5.3 RV 0] 1 PSP 28
5.4 =1 (] o[ VTSP TP PRPPPPPIN 28
55 Coexistence peofmance of 16e and 16m SYSLEMLS..........coiviiiiiiiiiiieee e 29
6. Significance of WIMAX 2.0 fOr OPEIAIOES ....coiiiiiieiiiiieiiiieeee et iee et e et bee e s bae e e s nbe e e s snenrees 30

www.beyond4g.org



WIMAX 2.0 FOR OPERRS ~ Mareh 24

2010
List of Figures
Figure 1 : Standardization timeline of WIMAX .2 .......oouiiiii e 6
Figure 2 : WIMAX 2.0 deployment plmBBLES ............vvuiiiiiieeieiii e
Figure 3 : 16m and 16€ frame COEXISIENCE . .......civiiiiiiiiii ettt e e e et e e 7.
Figure 4 : WIMAX 2.0 freqUEeNCY DANMS.........ouuiiiiiiie e e e 8
FIGUIE 5 0 SIATMO ...tttk s ettt e e e e e e 9
FIgUIE 6 : MEMIMO ... e 10
Figure 7 : MUlti BS MIMO.......cooiiiiiiae e 10
FIQUIE 7 REIAY 1N LBIML....uuuiiiii et e ettt e e e e e e bbb eeeeas 12
FIgure 8 1 RElAY VS FEPEALELS ... ..o ittt ettt et e e et et et e e e nnb b as 13
Figure 9 : Relay USAJE SCENAIIOS. ... ...oeeiiiiiiiiiiitaee ettt e et e e e e e e et e ettt e e e rennaanns 13
Figure 10 : Relay INterconnection ProtOCQIS. ........coiiiieiiiiiiiiee ettt eee e eeeenenes 14
Figure 11 : Multi Carrier AQQregatiOn.............uuuruuuuuuuiaaeeeeeiiitiiar e e e e e e eeee e e e e e eeeeeeasbii e eeeee 14
Figure 12 : Multi Carrier OPEIAtIONL.........oeieeeeiieieiitee e e ettt e e e een e e e e e e e eeeeeesnan e eaeeeee 15
Figure 13 : Fractional freQUENCY FBUSE.........uuuiii e e ettt e e et e e e e e e e eeans 17
Figure 14 : FFR With POWET CONIOL......uuiiii it eeeeenes 18
Figure 15 Interference aware BS COOIdiNALIQN..............uuuuiimmiiiiiiiiii e 19
Figure 17 : Closed loop and open l00p pOWEr CONIIOL...........uuuiiieiiiiieeiiiiiee e 20
Figure 18 : Transmit beamforming for interference mitigation................ueiiiieeeiiiiiiiieee e 21
Figure 19 : Femtocells and self organizing NEtWOrKS..........c.uuiiiiiiiiiee i eee e 22
Figure 20 : Multi Radio COBXISIENCE. ... .ccieeii it e e e e et e eeeans 23
Figure 21 : BIBS ArCHITECIUIE ... . cciiiie e e e e e e e et eeea e eaaaes 24
FIQUre 22 : LBS AFCNITECIUIE......coiiii e eeee e e e et e e e e e e e e e et a e e aaa e e e e ennans 25
Figue 23 : Peak spectral effiCienCY..........uuiii i 26
Figure 24 : Average spectral effiCIENCY.........coi i e 26
Figure 25 : Average downlink spectral effiCiency.........cccuiiiiiiiiiceeii e, 27
Figure26 : Average uplink spectral effilCienCy.........cccoovveiiiii e 27
Figure 27: One Way ACCESS |AtBICY.........uiieiieiii e e e e e e e e e e araeeneans 28
Figure 28: Coexistence performance of 16e and 16m SYSteMS........cccocevvvviiieeeiiiieeeiiiieneeeeeiiannn, 29

DISCLAMER

This papeis prepared by BP Tiwari and thiews expressed here are my oamd does not reflect my company

opinion. All the information is presented in this document were colldmetdpublic domain (internet) & wherever
possible reference has been provided regagdhe source of information. | have made reasonable efforts to ensure
that information is true as best of my knowledge at the time of compilation, however | do not warrant that the
information presented herein is complete and without error. Author optiper does not take any responsibility of

the errors, omissions, or any other accuracy in any form. | encourage readers to independently verify information as
author does not have any responsibility of firesented information & content.

www.beyond4g.org



WIMAX 2.0 FOR OPERRS ~ March 24,
2010

1. Executive Summary

With over 70 mobile WiMAX deployments worldwide in 2.3, 2.5 and 3.5 GHz and continuously growing , the role

of WIMAX 2.0 is pivotal fasperators to support humongous projected growing data denssantt stay

competitivein mobile data networks. The tiento market and early competitiveessof WiMAXrelease 1.0 was

successful in gettingpitial attraction from opeators but there triumph willargelydepend incontinuous

innovation and new sugt of standards which will enab&fordablke and reasonable datservices for their

consumers.

16m will play importantole to provide evolutionary path to Mobile WiMAX Release 1.0 operators to remain
competitive in ever challenging mobile data networks and provide a platform for delivery of new seltwaés.

also playan important rolein shapingdG mobile networks by supporting IMNrequirement by updating its IEEE

Std 802.16 standards to meet the requirements of next generation mobile networks targeted by the cellular layer
of IMT-Advanced.

WIMAX 20 or 16m tandards work will be completed by the end of this year #ralfirst 16m release will be

available for industry by July, 2018ased on the inputs from supplier and past standardization experience it

appears that operators will have WiM&20 systems for deploymerds early as 2012Vork on the standard has

0SSy LINRBINBaary3ad GSNE ljdAaO|lftes (GKS SELISNRARSHOSAE 6AGK yn
enabled quick completion of standards.

Following are the keyital featuresof WiMAX 2.0 whichis incorporated in standards anqutesented in this
whitepaper.

New spectrum if-DD and TDBand

Support of IMTA frequency bands

At least twofold increase in average data throughput from the current Release

Advanced interference management theds to support true reuse 1 deployments as compared to
current reuse 3 deployments

Round trip access latency is reduced to less tha@@ms levels which will allow more demanding
services like online gaming etc.

Support for self organizing networks

Sipport for femtocells

Support of Relays stations

Support for Location services

Support for enhanced multicast and broadcast services

Multicarrier aggregation upto 100 MHz

Coexistence of 16e and 16m base stations and backward compatibility

2-3 fold impiovement inVolP cali per MHz( Optimized for voice)

Coexistence of muHiechnologies like Bluetooth, Wi and WiMAX

Inter Radio Access technology handovers( 3GPP)

Improved scheduling and new QoS class

= =4 =4 =4

=
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It is moreapt for operators who have already deployed their networks with release 1.0 to migrate to WiMAX2.0 as
the release 1.0 devices are backward compatible with 16m systems and the performance of 16m systems is
adequateto support therequiremens of IMT-A and otler competing technologies like LTE and-ATE

While this paper will cover all the aspects of 16m performance and features for operators , aspects of coexistence
of release 1.0 and release 2.0 systempresented folViMAX operators.

2. Introduction

WIMAX systems based on release 1 have shown significant advantage over their 3G competitors when it comes to
deliver all IP based data services over wireless. Mobile Data is one of the fastest growing segments in wireless, and
mobile data traffic will grovat a compound annual growth rate (CAGR) & fércent between 2009 and 2074

The future and changing landscape of telecommunication industry provides great opportunities with

significant growth in the overall telecommunications market both in volumewatge. This growth will take place

both in lega&y voice and dataervices.

The future Wireless access technologies needs to take into account a number of common emerging trends
consistent across many future potential development scenarios. A key tseghé increasing consumption of

digital information by customers in several waygich, in someases requir¢he network capacity to increase by

a doubledigit factoror even higherCisco global estimate shows that mobile data traffic has increased 160 percent
from calendar yeaend 2008 to calendar yeand 2009. And individually, some mobile carriers have published
some dramatic traffic increases.

According to irstat research, rabile broadband in now the second largest access technology behind DSL, making
it 18% subscriber worldwid®perators likeTeliasonera reported increase in data traffic by 200% in Nordic and
Baltic regions while the number of subscriber rose to 60% omlifetd Kingdordbasedoperator O2 reported that

its mobile data traffic in Europe doubled every three months in 20@8com Italia announced that its mobile

traffic grew 216 percent from mi@008 to mid2009and AT&T has reported that its mobile trafficieaasedb000
percent in the past 3 yeartn last quarter alone wireless data revenue grew 26% for AT&T. Five operators, NTT
DoCoMo followed by Verizon Wireless, China Mobile, AT&T and KDDI exceed data revenU&$S @ clearly
suggesting the emergeemf data services as the higgest revenue generating services over the next decade.

The current version of mobile WiMAX based on IEEE 8020@e is considered as the first widalgployed
mobile data technology with OFDMA and MIMO. To consistentlpaiiphe growing need of mobile data and
provide an evolutionary path favimax operators, IEEE 802.16 working groupstaded working on the new
standard which will called 16m or WiMAX 2.0 and it has the following driving factors;

To support global s and technology trends for next generation mobile networks

To provide evolutionary path to Mobile WiIMAX Releaseop€rators to remain competitive in ever
challenging mobile data networks and provide a platform for delivery of new services.

1 To play anmportant role in 4G mobile networks by supporting HdTequirement by updating its IEEE
Std 802.16 standards to meet the requirements of next generation mobile networks targeted by the
cellular layer of IMFAdvanced.

f
f

2CISCO VNI
http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns7058%Y /white paper c1i1

520862.html
www.beyond4g.org


http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html
http://www.cisco.com/en/US/solutions/collateral/ns341/ns525/ns537/ns705/ns827/white_paper_c11-520862.html

In the current paper we will cover pacts of WIiMAX 2.0 for operators. With over 70 Mobile WIMAX deployments

WIMAX 2.0 FOR OPERRS

March 24,
2010

in 2.3, 2.5 and 3.65HzWiMAX migration to support evesuperiorquality of service , improved latency , high
spectral efficiencysecuity and low cost of ownership is essenti&lliMAXRelease 2.@nhances wimax
performance as compared to its predecessors. This release will support operators with improved data rates,
higher coveragand allow new services toe offered in their current Radio networks

3. WIMAX 2.0 Availability
16mstandardswork item will be completed by the end of this year and fit&m release will bavailable for
industryby July 2010. IEEE is expected to provide final approval for this new standard sometime this summer.
IMT-A recommendation will complete in Q1 20Based on the inputs from suppliers and from the past
standardization experience of 16e, it appears that operatgishave WiMAX.0 systemgor deployment as early
as 2012 Industry chipset supplier liketil , Sequansés indicated availability of devicey 2012"

Work on the standarsl fronthas been progressing iequickly, the experiences 802.16e and even some of the
f SI NY Ay 3 aé enabN@ Qrick[camletion of standardie knowhow of cetification by WiMAX Forum

and established working groups will enable faster 16m deployments by proactively defining end to end protocols

and procedures parallel to IEEE.

Figure 1 : Standardization timeline of WiIMAX 2
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4. Key feature of WIMAX 2.0

4.1 Backward compatibility and coexistence

IEEE 802.16m base station will support interoperability with leydicgless MANDFDMA i.e. 16e systems. An IEEE
802.16m MS will operate with a legacy BS i.e. 16e base station at performance similar to 16e MS.

A 16n capableBase Stapvn will support interworking witii6e and 16ndevice. Operators who are deploying 16e

systemspresentlywill havethe optionof smooth migrationto 16m selectively or completely. 16m frame structure
has the capability taoexist with lgacy frame of 16e systems.

Figure2: WiMAX 2.0 deployment possibilities

16 e only Deployment 16e and 16m Deploymt. 16m only deployment

16e BTS
B Nices \Eﬂﬁevices i
* *
2 16m BTS 2 s
4 16m Devices i &
16m Devi- ¥
@
16e Devices

The coexistenckegacy and IEEE 802.16mamesis presented in figure 3The Frame offsethownin Figure3 is for
illustration. It is an offset between the start of the legdigme and the start of the IEEE 802.16m frame defined in
a unit of sub frameBy choosing appropriate numbers uplink and downlink TDD symbols between 16m and 16e
base stations required coexistence can be achieved. From operator perspectivetidglie utmostimportance
feature as the migratiorof 16m is envisaged in steps.

Figure3 : 16m and 16e frame coexistence
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4.2 WIMAX 2.0 Frequency band support

The first release of WIMAX was TDD and most of the deployments were in 2.3, 2.5 and 3.5 GHz bands. Later in

release 1.5 additionaupport forFDD and HFDD were introduced with new spectrum in 1.7 and 2.1 GHz were

added. 16m identified the following FDD and TDD frequency bands for deployment of sy@§easenote the

certification of these bands will depend largely on requirement and opiesratiority)

Figured4 : WIMAX 2.0 frequency bands

Band Class UL AMS Transmit Frequency (MH: DL AMS Receive Frequency Duplex

(MHz) Mode
1 23002400 2300-2400 TDD
2 23052320, 23452360 23052320, 23452360 TDD
23452360 23052320 FDD
3 24962690 24962690 TDD
24962572 26142690 FDD
4 33003400 33003400 TDD
5L 34003600 34003600 TDD
34003500 35003600 FDD
5H 36003800 36003800 TDD
6 17101770 21102170 FDD
19201980 21102170 FDD
17101755 21102155 FDD
17101785 18051880 FDD
18501910 19301990 FDD
17101785, 19261980 18051880, 2112170 FDD
18501910, 17161770 19301990, 2112170 FDD
7 698862 698-862 TDD
776787 746757 FDD
788793, 793798 758763, 763768 FDD
788798 758768 FDD
698-862 698862 TDD/FDD
824-849 869-894 FDD
880915 925960 FDD
698716, 776793 728746, 746763 FDD
8 17851805, 18861920, 1916193, 17851805, 188a1920, 1910  TDD
20102025 19061920 193, 20162025 19061920
9 450-470 450-470 TDD
450.0457.5 462.5470.0 FDD

® BP Tiwariwww.beyond4g,org http://www.beyond4g.org/wp-content/uploads/2010/03/WiMAXL.5-for-

operatorsv2.pdf
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4.3 Multi Antenna Architecture

4.3.1. MIMO schemes in 16m
WIMAX 2.0 supports several advanced matttenna techniques including single and mublier MIMO (spatial
multiplexing and beamforming) as well as a number of transmit diversity schemes. InuseglelIMO (SU
MIMO) scheme only one user can be schedweer one resource unit, while in multiser MIMO (MUMIMO),
multiple users can be scheduled in one resowrng.

4.3.2. SUMIMQOS
Singleuser MIMO (SWMIMO) schemes are used to improve the link performance, by providing robust
transmissions with spatial diversity, or large spatial multiplexing giathpeak data rate to a singS, or
beamforming gain. Both opdoop SUMIMO and absedloop SUMIMO is supported in 16m.

For openloop SUMIMO, both spatial multiplexing and transmit diversity schemes are supported. For ¢toged

SUMIMO, codebook based precoding is supported for both TDD and FDD systems. CQI, PMI, and rank feedback

cdy 0SS GNIXyavYAGOISR o0& (GKS Y20AftS adraAiazy G2 FaaArad GKS
adaptation decisions. CQI, PMI, and rank feedback may or may not be frequency dependent. FéoainSét

MIMO, sounding based precoding igpported for TDD systems.

Figure5: SUMIMO

SU-MIMO schemes

SU-MIMO
ax. 8 streams

Max. 4 streams

Higher-order MIMO u
to 8 streams

4.3.3. MU-MIMO7
Multi-user MIMO (MUMIMO) schemes are used to enable resource allocatiortonsunicate data to two or
more MSs. MU-MIMO enhances the system throughput.

Multi-user transmission with onstream peruser is supported iMU-MIMO mode MU-MIMO includes the MIMO
configuration of 2Tx antennas to support up to 2 users, and 4Tx or 8Tx antennas to support up to 4 users. Both
unitary and nornunitary MUMIMO linear precoding techniques are supported.

For openrloop MU-MIMO, CQI and preferred stream index feedback may be transmitted to assist the base
atriAz2yQa A0KSRdzZ Ay3az GNIyavYAaairzy Y2RS agAGO0OKAY3IAZ | yR

® IEEE 802.16m Task Grounttp://www.ieee802.0rg/16/tgm/docs/80216m07 002r10.pdf

"|EEE working groughttp://www.ieee802.org/16/tgm/index.html
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For closedoop multi-user MIMO, codebook based precodisgsupported for both TDD and FDD systems. CQI and

talL FSSRolI Ol OFry o6S GNryavYAGGSR o0& GKS Y20AfS adlaAazy
and rate adaptation decisions. CQIl and PMI feedback may or may not be frequency depEndeldsedoop

multi -user MIMO, sounding based precoding is supported for TDD systems.

Figure6 : MU-MIMO

Enhanced Multi-user MIMO
MU-MIMO (MU-MIMO)

“._ feedback Ex)

&

MU-MIMO up
to 4 streams -~
~and layers &

4.3.4,. Multi BS MIMO
Multi-BS MIMO techniques are supported for improving sector throughput anedeg# throughput through
multi-BS collaborative precoding, network coordinated beamforming, or icgdlrinterference nulling. Both open
loop and closedoop multiBS MIMO techiques can be considered. For clodedp multiBS MIMO, CSI feedback
via codebook based feedback or sounding channel will be used. The feedback information may be shared by
neighboring BSs via network interfadéhis places significant obligation in laatdncy backhauls.

COMP- Coordinated multpoint (CoMP) is a new class of transmission schemes for interference reduction in the
16m technology. Enabling features such as network synchronizationaieelluserspecific pilots, feedback of
multicell chanel state information and synchronous data exchange between the base stations can be used for
interference mitigation and for possible macro diversity gain. The collaborative MIM®I(@0) and the closed

loop macro diversity (GMD) techniques are exameaf the possible options. For downlink-RItMO, multiple

BSs perform joint MIMO transmission to multiple MSs located in different cells. Each BS perforrusenulti
precoding towards multiple MSs, and each MS is benefited froflGAO by receiving multigl streams from
multiple BSs. For downlink -®1D, each group of antennas of one BS performs nattvand or wideband single

user precoding with up to two streams independently, and multiple BSs.

Figure7 : Multi BS MIMO
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