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16m : Status and Schedule




IEEE 802.16m Key Achievements

«netropolitan area networks
¢ 16: Air Interface for Broadband
sireless Access Systems
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UQ’s WIMAX 2 Demonstration

[CEATEC JAPAN 2010]JUQOEa =45 —32 XHAWIMAX2|Z Xk 5H330Mbps 5T —H:BIED
5 =

OMEIIEHITIRR e — T 20000006

1) Bookmark L5 Twitter G 1O

TR A T2010F 10 M98 = TN TUIDSCEATEC JAPAN 2010T. DODSa =0 —i/a A i MaNEa D t HOWIMAX, IEEEBO2 16m(WIMAND OS2 T EX LML TL D,

WIMAXA 2. IRTTWIMAKD 10MH2ORDXAETEE 20MHTEE T, 82 SMIMOMBESELISM S . FUBRA300Mbpes 253005 — 2T ERINTE SMIE THD. SEIOTET I ZO20MHE
ORI EELEFRN DS TERHAOMHIGOFE TR, U T4 < aMIMOETRIZL T FU330MbpsD T — 2BRERINL_ T D,

WMIROTEII T2 LI THBEBUS R RN S ISR S OME®MR THEA TITHN. MHITTFUR310MbpsOil R STfRE TH L EHTaNt. T SWMITIISEONAEVa T e
EEEAN. COERRE(E - T 3D 7)) LF IR A L — A 5HEND SR T — LU,

UL 3, INITHM DI 22 6GHa R OIB B SN FF M E IR TWIMAXQERIA L D02 851U TaEY. [MAMEFERESIN D201 2F00 — 22 MSER LTSI D &

o 2

DI I — 2T 3. HETEODNTLIDWIMAKGTIES D Ly M. RSP OWIMAXCEEHIL S EFEONRT Ead R Tran T .

M TIIOMbpsIR O 5 — ERE TSR FETRItSSONAMEY a5 LEIZIDM R Y™ T
FIEMA 2L~ 5B RS IENTE-ILSh

FEICHE HHh T DB WA F S5 it B e @l WA T H Hh TLDWMAXSRT, 27 L2477 618
MEHhTLD

http://www.svp.jp/hosting/ua/02/



http://www.svp.jp/hosting/uq/02/

Q s Demo Configuration

IEEE 802.16m Demonstration

TV(46” 4EA)

3D TV(46” )

802.16m
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etwork Configuration of UQ’s Demo
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he Journey from 802.16e to 802.16m

2011
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Jun 2006 802.}6e
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i IEEE-SA
C 802.16m S Commercial
A Feature Complete Approval & St
LTE Rel.8 (EC Approval) ey
(Mar 2009) IMT-Adv.
| ~ Completion

LTE Rel.10
(2Q 2011)




Schedule for 16m, TWG and ITU-R
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Advances compared to 16e




\ Significantly Enhanced 802.16 Core

Enhanced Security including new features providing MSID and location privacy




Enhanced Core Supplemented with ...

Support for Multi-BS MIMO




The New Frame Structure

Superframe : 20 ms

SU1 SuU3

s
ek
/7

/ “-.

| Frame : Sms

Subframe

N

/OFDM Symbol

m @ Superframe (20ms) : 4 frames
@ Frame (5ms) : 5, 6,7, 8 sub-frames

o Subframe : 6, 7, 5 symbols

+ Sub-frame for Lower latency
+ Super-frame for overhead reduction
+ Backward compatibility without legacy performance degradation

. <




ey Factors Influencing Performance

WiMAX 1 (Rel. 1.0)

WiMAX (Rel. 2.0)

MAP TDM, Joint coding FDM, Separate coding
HARQ latency 15ms sms

Max. DL Tx Ant. 2 4

Max. UL Tx Ant. 1 4

DL/UL Band AMC No Yes

:

DL MU — MIMO No Yes

UL MU - MIMO Yes (Max 2) Yes (Max 4)
Max. BW 10 20
Multi-carrier No Yes

| T




Significant Improvement in Peak Rates

WIMAX 1 (Rel. 1.0) | WIMAX (Rel. 2.0)

(From [1]) (From [2])
Bandwidth, CP 10MHz, 1/8 20MHz, 1/16
Streams DL:2, UL:2 DL:4, UL:2
Overhead 3 symbols + pilot 1 symbol + pilot
TDD DL : UL 2:1 2.1
DL MCS 64QAM, 5/6 64QAM, 1
UL MCS 16QAM, 3/4 64QAM, 1
DL Peak [Mbps] 40.32 226.1
UL Peak [Mbps] 10.08 61.5

[1] “Mobile WiMAX — Part I: A Technical Overview and Performance Evaluation”, June, 2006, WiMAX Forum
[2] “Submission of a Candidate IMT-Advanced RIT based on IEEE 802.16 “, ITU-R IMT-ADV/4
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ignificantly Improved System Performance

N N =99 -
(WiMAX Release 1 @ 10 MHz (From [1]) Lk D e
e Evaluation configurations : Appendix A Sector [Mbps] | S.E [bps/Hz]
e DLO/H:7symbols (preamble + MAP) DL 10.63 1.73
e ULO/H: 3 symbols
\_ y UL 3.05 0.79
(WiMAX Release 2 @ 20 MHz (From [2])
e Evaluation configurations : Appendix B
\- Overhead: Appendix C
Umi (DL:UL = 5:3) Uma (DL:UL = 5:3)
MIMO
Rate [Mbps] S.E [bps/Hz] Rate [Mbps] S.E [bps/Hz]
Sector 40.25 3.22 30.12 2.41
DL 4x2
Edge 1.15 0.092 0.86 0.069
Sector 19.35 2.58 19.28 2.57
UL 2x4
Edge 0.83 0.111 0.82 0.109

| T




\ Enhanced Handover Support

)
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T i
o
A s AMS S-ABS T-ABS
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O O > 9 k= = . . 5
S5 w o 2 < .E _I’ {dedicated) COMA ranging code =] _
S o< O o E ------------------------------ * || CDMAranging
9 s § 2 5 PR AARNG-ACK | 3 may be omitted
cC = ] © )
- a4 9 £ Cc : 5
n = = Unicast encrypted DU_data andfor UL grant 9
@) R If Seamless | [# == - - = == o - OSSR AR e a
L 5 = Qo O - HO Unicast encrypted UL |data and/or BW request §
8 T = = isenabled WW_—_-——— -~ -~~~ -~~~ -~~~ " - - - - - - " 3
| - | - @
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mplified, Efficient and Flexible Sleep Mode

Facilitating more and frequent sleep opportunities

e Subframe-level Sleep Mode operation
e Traffic Location Indicator Bitmap for Efficient Sleep
e Sleep during control transaction

Traffic-driven Listening Window

e Extendable Listening Window based on traffic characteristics

Efficient State Transition

e Transition between Sleep and Active Mode using control
signaling

Simplified Sleep Mode operation:

¢ Single Power Saving Class

e Instant Sleep Cycle setting switching based on control
signaling

. <=



Basic Sleep Operation Illustrated
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More Power Conserving Idle Mode

PG | D e PGID carried in PGID-Info message

_ e PGID-Info transmitted at pre-determined location of
Spl it from paging listening interval (right after SFH and A-MAP)

e Early detection of PG change without decoding
Paging Message [EELEEE S

Fixed Location * For each MS, a frame to monitor AAI-PAG-ADV is

pre-determined using DID modulo m (m=1..4)

e Prevents the MS from decoding entire paging
listening interval

for

Paging Message

T e




Operation during Paging Listening Interval

e Example: MS3’sDIDis 22 and mis 4
— The paging frame for MS3 is frame index 2 .
— MS3 monitors PGID-Info in frame index 0 and AAI-PAG-ADV in frame index 2.

Paging cycle
g |
Nsuperframe Modulo Paging cycle ==Paging offset
— SF1 ‘ SF2 ‘ ‘ ‘ ‘ ‘ ‘ SFn
A-MAP IE for PGID-Info PGID-Info
& AAI-PAG-ADV message
A / B
ﬁ Frame O Frame 1 l:] Frame 2 ﬁ Frame 3
AAI-PAG-ADV

¢ r T !

PAG-ADV PAG-ADV PAG-ADV PAG-ADV
monitoring monitoring monitoring monitoring
frame for MS1 frame for MS2 frame for MS3 frame for MS4

| T



\Faster Network Entry and Enhanced Security

Su ort for e Default service flow is established without DSA (3-way
PP handshake).

Faster e Fast IP address allocation during registration procedure.
Network Entry e TEK transactions can be omitted thanks to local derivation.

e MS identity and location privacy is provided.

e Confidentiality and Integrity protection for MAC control
messages.

Enhanced
Security

Lighter
Encryption
Overhead

e Encryption overhead down to 7 bytes from 12 bytes per MAC
PDU




Efficient and Simpler MAC PDU Format

16e MAC PDU Format

Extended Special ,
MAC Header sub-header(s) Sllghgzs:ﬁﬁ] Payload Payload{g} rlzﬁgﬂnectmn} ( Dctli?::{rzwal}
(Optional) P (Optional) P P
! T
| -
| -
| -
MAC Header Extended.Header{s] Payload (one or multiple :cnnnectiﬂn with same SA)
(Optional) (Optional)

16m MAC PDU Format

@ Overhead reduction
e 6BGMHtoa2BAGMH(2byte),and 1 B SPMH
e MACCRCremoved (PHY CRC only)

o Simplified Header structure

e Additional headers are merged into a Single extended header

e MAC PDU payload from Multiple connections with same SA
multiplexed into a single MAC PDU

| T



ARQ for High-Speed data Plane Operation

SDU #n SDU #n+1 SDU #n+2
. SN# 1 1
ARQ block generation 1 2 3 4 5 |6 7 8 g 01|, 1314 115 | 16 | 1T g
Fragmentation _/". _/- : -Packing T . .-L“-\_Facking
MPDU generation | GMH | FSH | Frag1of SDU #n GMH | PsH | T29207 | pgy SDU #in+1 PSH | Frag 1 of SDU #n+2
t4——FPDU payload———= - PDU payload -

Figure 1. 16e ARQ block and MPDU generation for Initial transmission

SDU #n SDU #n+1 SDU #n+2
Fragmentation_,—j _/-/ *‘ Packing u“‘-.\._ Packing
ARQ block generation & FEH FEH | Frag2 of
GMH Frag 1 of SDU #n GMH ag2 ol SDU #n+1 Frag 1 of SDU #n+2
MPDU genera tion IPEH d {PEH | SDU#a n rag 1 o n
PDU payload
|‘*(ARQ block SN# 1) —FPDU payload (ARQ block SN#2)————————m

e Simplified Processing Figure.2. 16m ARQ block and MPDU generatonfor it ransmission
o 3 step processing = 2 step processing
o MAC PDU payload itself is ARQ block
e Throughput bottlenecks removed
e MAC throughput made proportional to ARQ block size
o Fixed ARQ block (16e) = Variable ARQ block (16m)

| T
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Migration to 16m




Backward Compatibility with 16e

[1] 16m MS to operate with 16e BS [2]

[2] 16m BS and 16e BS on the same

carrier 16e BS 16m BS
[3] 16m BS to support both 16e & 16m t (4]

MS : (5]

I

[4] 16m BS to support 16e MS HO to and I 1]

from 16e BS or 16m BS v
[5] 16m BS to efficiently support 16e MS @ @

)

16e MS 16m MS




Migrating to 16m-based WIMAX Network

« Smooth migration from 16e to 16m based network was a key requirement

Current 16e WiMAX Network

Core WiIMAX Rel 1.0 R6 interface ... %
Network - B3 N
- T 2T2R or 16e device
S ASN-GW 162 B2 4T4R RRH
Software New 16m channel card New 16m
+ Software upgrade @ device added
\ %
Core = WiMAX Rel 2.0 R6 interface “:ﬂi\_/\w 16?<:|/<;vice
Network -
- = 2T2R or \
~ 16m BS 4T4R RRH @ :
ASN-GW T
16m device

Next 16m WiMAX Network

| T



Software Upgradable ASN-GW

e By software upgrade, ASN-GW will be ready to support both 16e BS and 16m BS
— Reuse of existing infrastructure is very important for protecting previous investment

ASN-GW ASN-GW after software upgrade
ReIlO ReIlO ReIlO Rel 2.0
R6
Rel 1.0
R6
I -3 }‘ I ,é-i-i’;. }‘ 4 4 -§ }‘ (I -§
16e BS 16e BS 16e BS 16e BS 16m BS

e  WiMAX Forum’s NWG is working on Release 2.0 core specifications

e 16m BS will support Release 2.0 R6 interface as well

Piausuni



Modular Upgrade for DU

= SU-MIMO = MU-MIMO/Beamforming '
= 10MHz CH BW = 20MHz Channel BW o

k’; ]

- ,:. (10+10M or 20M)

Digital Unit (16e) ] Digital Unit (16m)
\’ Ly

: !

|

20 e — ‘\ = -

R [P Fza

- - -~ S —ges et

e S SRAE meamgy |
3 o

Add 16m MODEM card

T

802.16e 802.16m

Soft migration with software upgrade and digital HW addition
e 16m Modem boards can be added.
* RF Units can be reused

- 2T2R
-4T4R

e Main board, fan, power module, etc. can be reused

| T



Migration to 16m : Spectrum Perspective

B Same Carrier Migration

v' 16m and 16e devices on the same RF carrier without performance degradation
to 16e.

v" Flexible resource allocation for 16e and 16m devices.
B Co-existence on different carriers
v' Same OFDMA numerology and fully aligned DL/UL division
v' Larger BW support using the newly standardized multi-carrier operation
v No impact on synchronization and interference

Smooth transition to 20MHz BW service

_____________________________________________________

10MHz BW Old 10MHz BW New 10MHz BW
4 b 4 4w 4
3 : S :
. . 10MHz BW %,
10MHz BW operation Existing BW and terminals operation "‘
U = need not be changed. S = “ .
o . N . 20MHz BW operation
| 4 v | 4 v ., :
_ AV 4

5 5 55 -




ame Carrier Migration : Mixed Mode

4

16e/16m

mixed

4

16m only

DL subframe

UL subframe

DL subframe

UL subframe————

[FCH FCH _
[ o
)5
b —
5 £ = .
% a S E o =)
o < g o<
Q= - o=
o =) N
DL subframe UL subframe DL subframe UL subframe————
[FCH) 5 [FCH| 5
55| Leffie 5| Lede
@ DL DL O ) DL DL DL O
o/ U Super- o/ L
c . sub- sub- I sub- sub- sub-
gx\r frame frame uL uL uL S\XF frame frame frame uL uL uL
- header #1 4 sub- sub- sub- | & #0 #1 # sub- sub- sub-
frame frame frame frame frame frame
#0 #1 #2 #0 #1 #2
DL subframe UL subframe DL subframe UL subframe——
Super- DL DL DL DL uL uL UL DL DL DL DL DL uL UL UL
P sub- sub- sub- sub- sub- sub- sub- sub- sub- sub- sub- sub- sub- sub- sub-
frame
MR frame frame frame frame frame frame frame frame frame frame frame frame frame frame frame
#1 #2 #3 #4 #0 #1 #2 #0 #1 #2 #3 #4 #0 #1 #2

Last step to 16m -only operation mode

— Turn off transmission of 16e preamble, FCH, and MAP

— Move the superframe header and DL subframes to the first frame

— Extend 16m UL subframes on subchannel domain

| T




Performance in Mixed Mode

« DL sector throughput comparison per 16e:16m ratio
— DL:UL=5:3, 10MHz channel bandwidth, 4 x 2 MIMO

260%
240%
220%
200%
180%
160%
140%
120%
100%
80%
60%
40%
20%

0%

B Sector Average
@ Sector Peak
B 5% Edge

234%

201%

166%

140%

16e only

1I00% IE

3:2 2:3

1:4

16m only
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Concluding Remarks




ooking Further

Not just higher throughput

- Increased Reliability
- Mass device communication

- Dealing with multi-tier and multi-radio systems

Dealing with explosive data growth

- Higher cell densities

- Higher bandwidths and frequencies

Join the 802.16 Project Planning Committee and share your thoughts

| T
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Disclaimer...

“At lectures, symposia, seminars, or
educational courses, an individual
presenting information on IEEE
standards shall make it clear that his or
her views should be considered the
personal views of that individual rather
than the formal position, explanation,
or interpretation of the IEEE.”

IEEE-SA Standards Board Operation Manual (subclause 5.9.&)IEEE

Celebrating 125 Years
36 17-Jan-11 of Engineering the Future
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iIot Overhead Comparison (Rel.1 vs. Rel. 2)

Downlink Uplink
Stream
Rel1(PUSC) Rel2 Rel1(PUSC) | Rel2(DLRU) | Rel2(CLRU)
1 14.3% 5.6% 33.3% 11.1% 5.6%
2 14.3% 11.1% 33.3% 22.2% 11.1%
3 N/A 11.1% N/A N/A 11.1%
4 N/A 14.8% N/A N/A 14.8%

| T



Appendix A (1/3): System Parameters

Parameters

Number of 3-Sector Cells 19

Cperating Frequency 2500 MH=z

Duplex TDD

Channel Bandwidth 10 MH=

B3-to-B3 Distance 2.8 kilometers
Mimum MMobile-to-B 3 Distance 36 meters

Antenna Pattern 70° (-3 dB) with 20 dB frontto-back ratio
BE Height 32 meters

Mobile Terminal Height 1.5 meters

B3 Antenna Gam 15 dB1

ME Antenna Gain -1 dBi

BE Maximum Power Amplifier Power 43 dBm

MMobile Terminal Maximum PA Power 23 dBm

#of BE Tx/Ex Antenna Tz 2ad Ex: 2ord
# of ME Tx/Ex Antenna Tz 1, Ex: 2

B Moizse Figure 4 dB

M3 Woise Figure 7 dB

| T



Appendix A (2/3): OFDM parameters

Parameters Yalues
HMull Sub-carriers 184
L, PTITSC Pilot Sub-eaﬁjers 280
Data Sub-carriers 560
Sub-channels 35

Table 8: OFDMA Parameters

Parameters Values

2ystern Charnel Bandwidth (WMHZ) 10
Sampling Frequency (Fp in MHz) 11.2
FFT Size (NFFT) 1024
Sub -Carrier Frequency Spacing 1094 kHz
Useful 3ymbol Time (Tw= 1/T) 21.4 microseconds
Guard Time (T, =T/8) 11.4 microseconds
OFDMA Symbol Duration (T;=Ty + T2 102.9 microseconds
Frame duration 5 milliseconds
Mumber of OFDMA Byvmbols 43

Mull Bub-carriers 184
DL BIEcC Filot Sub-carﬁ:ers 120

Diata sub-carriers 720

Sub-channels 30

| T



Appendix A (3/3): SLS configurations

Parameters Yalue

Cell Configuration

3 Bectors/Cell

Frequency Eeuse 1,1,3
Users/Bector 10

Traffic Type Full Buffer
Channel Estination Ideal

PHY Abstraction EEEM [21]

Scheduler Proprietary Proportional Fair
Link Adaptation Eealistic with delay feedback
Antenna Configuration 122, 2x2

DL Alamoutt BT C, VEM
MINCO Support :

UL Collaborative Sk
MIMO Bwitch Adaptive STC/VEM switch
HAROD CC, 3 Retransmissions
Coding CTC
Frame Overhead 11 OFDM Symbols (7 DL, 3TUL, 1 TTG)
Drata Bymbols per Frame 37

. A 28:9
DL/IL Partition
E 22:15

Table 14: Mobile WIMAX Configuration Assumptions

| T




Appendix B: configurations

IEEE 802.16m Parameters for Indoor Environm

IEEE 802.16m Parameters for Urban Micro-cell

Description ent ular, Urban Macro-cellular, High Speed Environ
ments
TDD | FDD TDD | FDD
Urban Micro-cellular: 2.5 GHz
Carrier frequency 3.4 GHz Urban Macro-cellular: 2.0 GHz

High Speed: 0.8 GHz

Total bandwidth

40 MHz for data-only (
2x20 MHz)

2x20 MHz for data-only

20 MHz for data-only

2x10 MHz for data-only

10 MHz for VolP

5+ 5 MHz for VolP

10 MHz for VolP

5+ 5 MHz for VolP

Number of points in full FFT

2x2048 for data-only

2048 for data-only

2048 for data-only

1024 for data-only

1024 for VolP

512 for VolP

1024 for VolP

512 for VolIP

Sampling frequency

44.8 MHz for data-only

22.4 MHz for data-only

22.4 MHz for data-only

11.2 MHz for data-only

11.2 MHz for VolP

5.6 MHz for VolP

11.2 MHz for VolP

5.6 MHz for VolP

Subcarrier spacing 10.9375 kHz
OFDMA symbol du_ratlon w/o cyclic 91.43 us
prefix
Cyclic prefix length (fraction of OFD 1/16
M symbol w/o CP)
OFDMA symbol duratlon with cyclic 97143 Us
prefix
Frame length 5ms

Number of OFDMA symbols in frame
(excluding switching gaps)

50

51

50

51

Ratio of DL to UL (TDD mode)

5 DL subframes, 3 UL s
ubframes for data-only

8 DL subframes for DL
and UL

5 DL subframes, 3 UL s
ubframes for data-only

8 DL subframes for DL
and UL

4 DL subframes, 4 UL
subframes for VolP

8 DL subframes for DL
and UL

4 DL subframes, 4 UL
subframes for VolP

8 DL subframes for DL
and UL

Duplex time

TTG+RTG = 142.85 us

N/A

TTG+RTG = 142.85 us

N/A

S




Appendix C (1/3): DL Control Channel Overhead

* A-A-MAP : dynamically calculated based on scheduler,
average DI/UL A-A-MAP is accounted for accordingly

 HF A-MAP : dynamically calculated with truncated set
of sizes

* A-Preamble : fixed portion of 1 OFDMA symbol
* A-Midamble : fixed portion of 1 OFDMA symbol
« SFH : fixed portion of 20 LRUs per superframe

., =



Appendix C (2/3): UL Control Channel Overhead

— FBCH : 5ms report period in UMa and RMa for 10
users/sector

— S-FBCH : feedback of CQI/PMI, 5ms report period

— UL MAC management message : feedback of CQI/PMI, 5ms
report period

— H-FBCH : dynamically calculated with truncated set of sizes
— LT-CM : 20ms report period in UMa and RMa

— Sounding : fixed portion of 1 symbol per TTI (2 symbols for
FDD, 1 symbol for TDD)

— Initial Ranging : fixed portion of 4 LRUs per superframe
— BW-REQ : fixed portion of 4 LRUs per superframe

T T



pendix C(3/3): Total Control Channel Overhead

e Per Test Environment : InH, UMI, UMa, RMa

InH UMI UMa RMa
DL 9.19% 12.33% 11.17/% 11.15%
UL 7.85% 12.60% 9.23% 8.34%

e Results include Ctrl CH OH Portion

T




