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4G Wireless — WIMAX

WIMAX-- Worldwide Interoperability for Microwave
Access

Multiple Input and Multiple Output (MIMO)
MIMO channel capacity is given by

C =B log, det(l + SNR.HHT/N)

where H is MxN channel matrix with M and N are receive
and transmit antennas, resp.

Hybrid-ARQ
For faster ARQ, combines error correction and detection and
makes use of previously received versions of a frame

Adaptive Antenna System (AAS)
Enables directed beams between BS and SSs



Physical layer

. Implement Orthogonal Frequency Division Multiplexing
. Configurable parameters are:

Transmission power

Cyclic Prefix

Frequency

Frequency bandwidth

Modulation (BPSK, QPSK, 16QAM, and 64QAM)

. Computed values:

Sampling frequency
OFDM symbol time duration

Transmission time for a packet according to its size and the modulation
used

Maximum packet size for a given modulation and number of available
OFDM symbols



MAC layer

Time Division Duplexing (TDD)
Management messages for network entry:
. DCD/UCD, DL_MAP/UL_MAP
. Ranging request/response
« Registration request/response

Flow management: currently add one downlink and one uplink data
connection per SS.

Extensible scheduler (currently Best Effort+Round Robin)
Fragmentation/Reassembly of packets

Mobility Extension (802.16e):

. Neighbor advertisements

« Scanning and handover

IEEE 802.21 ready (trigger configuration and generation)



MAC layer configuration

Frame duration
DCD/UCD interval
Burst modulation
Channel
Contention size
Scanning attributes (number of iterations, duration)
Frequency of neighbor advertisements
Statistics (used for trigger generation)
o Loss
. Delay

. Jitter
« throughput



Advantages In Multipath

OFDMA carries advantages i n nMulti pat

O CDMA uses the whole spectrum, wasting system resource to combat frequency
selective fading.

O CDMA also creates worse interference problem

O OFDMA only select subcarriers with less channel degradation, prevent wasting
system resource (power or throughput ) => achieving higher system capacity.

Multipath

v

Signal Sent

A 4

Signal Received



Spectral Efficiency Wins

Spectrum efficiency is an important factor for data service
Q The scarce of available (or useful) spectrum makes efficiency a key factor to approve

spectrum and the success of business model.

O Regulatory bodies shall recycle spectrum for existing systems with low spectral

efficiency.

O Future systems with high spectrum re-use advantages or higher spectral efficiency
shall have favored allocation during application.

2.5G TDMA: Very limited
data rate and low spectral
efficiency (1.0-1.5 bps/Hz)

WiFi: OFDM 64FFT,
Reasonable data rate,
limited range and mobility,
improved spectral
efficiency  (2-3 bps/Hz)

500kHz

~

15 MHz

3G WCDMA: Reasonable
datarate, range, and
mobility, improved spectral
efficiency  (1.5-2.5bps/Hz)

5MHz

WIMAX:OFDMA, Up to
2048FFT much improved
range and mobility,

potential for best
spectral eff|C|ency (3 -4
- bps/Hz)
L,

20 MHz



OFDMA principle
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OFDM modulation can be realized with efficient Inverse Fast
Fourier Transform (IFFT), which enables a large number of
sub-carriers (up to 2048) with low complexity. The opposite

function is carried out by FFT at receive end.
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OFDMA Symbol Structure

The OFDMA symbol structure consists of three types of sub-carriers as
shown in Figure.

Data sub-carriers for data transmission
Pilot sub-carriers for estimation and synchronization purposes
Null sub-carriers for no transmission: DC carriers

feneTH1

A

Data
Sub-carriers

»

IYYYYYYYYYY!

A

DC
Sub-carrier

IYYYYYVYY!

A

A

IYYYYYYYYVY!

Pilot

Sub-<arriers
A %

A

AA

Guard
Sub-carriers

/

ot |

11



Example with 1024 Sub-Carriers

Guard Band 1024 sub-carriers with spacing of
3 1/91.4 uS = 10.94 KHz
l
~ 11.4uS ‘ 1024 samples in 91.4 uS |
K (only 720+120 in use for data + Pilot))
102.9 uS

Sampling frequency = 10.94 KHz x 1024 = 11.2 MHz
OFDM Symbol frequency =1/102.9 uS =9.72 KHz

Bandwidth used: 10.94 x (720 +120) = 9.18 MHz

Data rate = (1024 x 2) / 102.9 uS = 14 Mbps
(based on 16 QAM and Y2 coding)
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WIMAX : Special Advantages

All systems support HARQ, Scheduling and Virtual Soft

Hand off. WIMAX however supports:

. Tolerance to Multipath and Self-Interference

« Scalable Channel Bandwidth

« Orthogonal Uplink Multiple Access

« Support for Spectrally-Efficient TDD

. Frequency-Selective Scheduling

. Fractional Frequency Reuse

. Improved AMC and Error Correction Techniques

« Fine Quality of Service (Qo0S)

. Advanced Antenna Technology

15



OFDMA Scalability

Parameters Values

System Channel Bandwidth (MHz) 1.25 5 10 20
Sampling Frequency (F, in MHz) 1.4 5.6 11.2 22.4
FFT S1ze (Nggry 128 512 1024 2048
Number of Sub-Channels 2 8 16 32
Guard Time (T, =T/8) 11.4 microseconds
OFDMA Symbol Duration (T;= Ty + Ty) 102.9 microseconds
Number of OFDMA Symbols (5 ms Frame) 48

OFDMA Scalability is obtained by adjusting FFT size depending on available

spectrum
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Uplink Orthogonality

OFDMA allows allocation of different portions of the channel
so that there is no (or little) multiple access interference (MAI)
between multiple users. OFDMA therefore, can support higher
order uplink modulations and achieve higher uplink spectral
efficiency. With CDMA, on the other hand, each user transmits
over the entire channel. Even though it is possible to construct
orthogonal spreading codes, this is rarely done due to the uplink
synchronization issues.

Orthogonal uplink sub-channels also enables the uplink
scheduler to provide better control of the uplink quality and uplink
resource allocation. Therefore the uplink performance is more
predictable and QoS is better enforced.

18



Support for TDD

In spite of need for system-wide frame synchronization, TDD
offers following advantages.

« TDD enables adjustment of the downlink/uplink ratio on a per
cluster basis to efficiently support asymmetric downlink/uplink
traffic — as required for all data applications.

« TDD assures channel reciprocity for better support of link
adaptation, MIMO and other closed loop advanced antenna
technologies.

. Unlike FDD, which requires a pair of channels, TDD only requires
a single channel for both downlink and uplink providing greater
flexibility for adaptation to varied global spectrum allocations.

— Transceiver design for TDD implementations is less complex and

therefore less expensive. i



WIMAX TDD Structure

Sub-channel Logical Number

OFDM Symbol Number

3 5 7 9 "o " o0 N-1

Fast Feedback (CQICH)

- _’ -
Downlink Subframe Guard Uplink Subframe

—
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802.16-e Frame

User @ DL

User 5 DL

User 10 DL

User 6 DL

User 1 DL

sjqupalq 1

User /7 DL

User 2 DL
User 8 DL
User 12 DL User 7 UL

Unit allocation is large with smaller segment of
sub-carriers allocated to a user — improves
efficiency
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Frequency Selective Scheduling

Both 1XxEVDO and HSPA signals occupy entire bandwidth.
Mobile WIMAX signals on the other hand only occupy a portion
of the bandwidth. In broadband wireless channels, propagation
conditions can vary over different portions of the spectrum in
different ways for different users. Mobile WIMAX supports
frequency selective scheduling to take full advantage of multi-
user frequency diversity and improve QoS. WIMAX makes it
possible to allocate a subset of sub-carriers to mobile users
based on relative signal strength. By allocating a subset of sub-
carriers to each MS for which the MS enjoys the strongest path
gains, this multi-user diversity technique can achieve significant
capacity gains over TDMA/CDMA.
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Frequency Reuse

Mobile WIMAX, 1XEVDO and HSPA all support frequency reuse
one, I.e. all cells/sectors operate on one frequency channel to
maximize spectrum utilization. However, due to heavy interference
in (common frequency) reuse ‘1’ deployment, users at the cell edge
may suffer low connection quality.

1XEVDO and HSPA address the interference issue by adjusting
the loading of the network. However, the same loading factor is
applied to all users within the coverage area, leading to capacity
loss by “over-protecting” users that are closer to the base station.

In WIMAX the sub-channel reuse pattern can be configured so
that users close to the base station operate on the zone with all
sub-channels available. While for the edge users, each cell/sector
operates on the zone with a fraction of all sub-channels availgble.



Fractional Frequency Reuse with WIMAX

F1+F2+F3
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QoS Control

WIMAX QoS is specified for each service flow —
up and down.The service flow parameters can be
dynamically managed through MAC messages to
accommodate the dynamic service demand.
Furthermore, since the sub-channels are
orthogonal, there is no intra-cell interference in
either DL or UL. Therefore, the DL and UL link
guality and QoS can be easily controlled by the
base station scheduler.
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QoS Control
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Applications with Different QoS

QoS Category
UGS

Applications
VoIP

QoS Specifications

e Maximum Sustained Rate
Unsolicited Grant Service e Maximum Latency
Tolerance )
e Jitter Tolerance
rtPS Streaming Audio or Video | ¢ Minimum Reserved Rate
Real-Time Polling e Maximum Sustained Rate
Service e Maximum Latency
Tolerance
e Traffic Priornity
ErtPS Voice with Activity e Minimum Reserved Rate
Extended Real-Time Detection (VoIP) e Maximum Sustained Rate
Polling Service e Maximum Latency
Tolerance
e Jitter Tolerance
e Traffic Priority
nrtPS File Transter Protocol e Minimum Reserved Rate
Non-Real-Time Polling (FTP) e Maximum Sustained Rate
Service e Traffic Priority
BE Data Transfer, Web e Maximum Sustained Rate

Best-Effort Service

Browsing, etc.

Traffic Priority
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Smart Antenna

In CDMA-based systems, the signals occupy the entire
bandwidth. Since the processing complexity for smart
antenna technologies scales with the channel bandwidth,
supporting advanced antenna technologies in broadband
wireless channels poses a more significant challenge than
It does with Mobile WIMAX. Both 1XEVDO and HSPA
support simple transmit diversity and the HSPA standard
has an option to support Beam-forming. In general
however, the use of advanced antenna technologies in
current 1IXEVDO and HSPA solutions has been limited.

29



Since OFDM/OFDMA converts a frequency selective
wideband channel into multiple flat narrow band sub-carriers it
IS far easier to support smart antenna technologies. Mobile
WIMAX supports a full range of smart antenna technologies to
enhance performance including Beam-forming, STC (Space
Time Coding) and SM (Spatial Multiplexing). These

technologies can improve both system coverage and
capacity.

Continued - 30



WIMAX also supports dynamic switching between the smart
antenna technologies to maximize the benefit based on
channel conditions. Spatial Multiplexing (SM) for example,
Improves peak throughput but, when channel conditions are
poor, the Packet Error Rate (PER) can be high and thus the
coverage area where target PER is met may be limited. Space
Time Coding (STC) on the other hand provides large coverage
regardless of the channel condition but does not improve the
peak throughput. Mobile WIMAX supports Adaptive MIMO
Switching (AMS) is used between multiple MIMO modes to
maximize spectral efficiency with no reduction in coverage
area

Continued - 31



MAC Design

Requirements MAC Constructs
. v’ Connection / flow based QoS
N
Mul_t 1)z IP. chutz fypes . [ »v Flow based admission control
(VolP, multicast video, TCP, gaming) v MBS
Accommodate [J‘>~/ AMC, HARQ, ARQ and CQICH

Time varying, error prone channels

l

v' Ranging and power control

Bandwidth Utilization Optimization [

v’ Flexible burst profile allocations
v' Channel & traffic aware scheduling

)

Degrees of Mobility

LD

v Range of handover mechanisms
v Sleep & Idle mode/Paging support

Authentication, Authorization and

Accounting [

< Z

(Mobile device and/or User)

»v' PKMv2 with EAP

L EE ==y,

FORUM



MAC Operation

Downlink Scan and MS Authorization &
Synchronization Key Exchange Idle Mode
(Preamble DL-MAP) (PKTM) 1
Registration with IP Data Transport
Ac”'i’:;ﬁ::ﬁ"ﬂe;‘ip) Serving BS Connection
q (REG-REQ/RSP) Established
I |
UL Ranglng & Time o ™
Synchronization Active DL/UL Data
(RNG-REQIRSP) Transmission with
\ Serving BS Y
Basic Capability : :
Negotiation Neighbor Scanning Sleep Mode
(SBC-REQ/RSP) B ANCDVES
Non-Secured Traffic Secured Traffic
Intel Developer

FO Mobile WIMAX - Optimized for personal IP broadband N



EVDO, HSPA and WIMAX Parameters

- HSDPA/HSUPA . .
Attribute IXEVDO Rev A (HSPA) Mobile WiMAX
Base Standard CDMA2000/15-95 WCIDMA IEEE 802.16e-2005
Duplex Method FDD FDD TDD®
Downlink TDM CDM-TDM OFDM
Uplink Multiple CDMA CDMA OFDMA
Access
Scalable: 5, 7, 8.75,
Channel BW 1.25 MH=z 5.0 MHz=z 10 ME 2
; DL 1.67 milliseconds 2 milliseconds cqqs .
Frame Size UL 6.67 milliseconds 2, 10 mialliseconds 5 milliseconds TDD
. QPSK/S8PSK/ _ QPSK/16QAM/
Modulation DL 16QAM QPSK/10QANM 64QAM
Modulation UL BPSK.,QPSK/8PSK BPSK/QPSK QPSK/16QANM
Coding Turbo CC, Turbo CC, Turbo
] 46 Mbps, DL/UL=3"
DLA?ef‘)kto;{ertﬂle 3.1 Mbps 14 Mbps 32 Mbps, DL/UL=1
ir Data Rate (10 MHz BW)
7 Mbps, DI/UL=1"
UL Peak Over the . ’ s
Air Data Rate 1.8 Mbps 5.8 Mbps 4 Mbps, DIL/UL=3

(10 MH=z BW)

H-ARQ Fast 4-Channel Fast 6-Channel Multi-Channel
Svnchronous IR Asvyvnchronous CC Asvyvnchronous CC
Scheduli Fast Scheduling in Fast Scheduling in Fast Scheduling in
Seheduing the DL the DL DI. and UL
o~ Virtual Soft Network Initiated Network Optimized
Handoff .
Handoff

Hard Handofft

Hard Handofft

Tx Diaversity and

Simple Open Loop

Simple Open &

MIMO Diversity < lo;s‘éd Loop STBC, SM
- Diversity
Beamforming No Yes

(Dedicated Pilots)

Yes




Mobile WIMAX OFDMA Parameters

System Channel Bandwidth (MHz) 10
Sampling Frequency (F, in MHz) 11.2
FFT Size (Ngppy 1024
Sub-Carrier Frequency Spacing 10.94 kHz
Useful Symbol Time (T, = 1/f) 91.4 microsec
Guard Time (T¢=T1/8) 11.4 microsec
OFDMA Symbol Duration (T, =T, +T,) 102.9 microsec
Frame duration 5 millisec
Number of OFDMA Symbols 48
DL PUSC Null Sub-carriers 184
Pilot Sub-carriers 120
Data Sub-carriers 720
Sub-Channels 30
UL PUSC Null Sub-carriers 184
Pilot Sub-carriers 280
Data Sub-carriers 560
Sub-Channels 35
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Network Reference Model

(Mobile)

Subscriber
Station

Roaming

Another

ASN — Access Services Network
Another Operator’s

CSN — Connectivity Services Network
BS — Base Station

GW — Gateway

FA — Mobile IP Foreign Agent

HA — Mobile IP Home Agent

AAA — Authentication, Authorization

and Accounting . . /j
NAP — Network Access Provider Thick Yellow lines represent NRM (inq;el

NSP — Network Service Provider reference points

ASN CSN

NAP NSP




E2E Security Architecture

Serving AAA
S BS Server
Device and Uer Authentication

f"

Crypto User authenticalion EAP method

binding (ex: EAP-TTLS, EAP-SIM, EAP-AKA)

£
de(r:;ved Device authorization EAP method
keys g (ex: EAP-TL|S) (Optional)

Ei-\P

AAA (RADIUS, Diameter)

802.16
PKM v2 Authentication

802.16 Over-the-Air

Traffic Encryption ASN and CSN Links

Intel Develope

FORUM (inteD




Application
QoS Trigger

Intel Developer

FORUM

End-to-End QoS

Applications &
General QoS
Policy Manager

CSN

Service Flow
Admission and
Management

Local

Resources

Database

AAA & Subscriber
QoS Profile
Manager

Service Flow
Evaluation and
Authorization

Policy
Database :




Thank you



Comparison of WIMAX Rel-
d and Rel-e

. Fixed WIMAX: 802.16 — 2004 (802.16d)
o 150 fixed trials on 3.5 GHZ TDD and FDD

« Universal WIMAX: 802.16 — 2005 (802.16e)

« Limited trials AT&T, CTC Telecom Wisconsin
and plans in middle East, Africa, Sri Lanka etc.
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WIMAX-d and WIMAX-e Profile
Comparision

ltems WiMAX 16d WiMAX 16e
Duplexing FDD/TDD 10D

Phy Layer OFDM 256 SOFDMA 512/1024
BW 3.5/7 MHz 5/7/10 MHz
Error correction CC Turbo code
Repetition coding No Yes (up to 6 times
H-ARQ No Yes
Sub-channeling Option Yes
Beamforming No 1O (Alcatel day one)
MIMO STC(2x1) option |0 STC/SM 2x2 (Alcatel 2007 release)
Mobility No Yes
Broadcast No 1O (Alcatel 2007 release)

option : not in any WiMAX 16d profile, interoperability not guaranteed
0 : optional BS WiMAX 16e profile {mandatory for CPE), interoperability guarenteed



WIMAX-d Frame
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1d € 125N
s|qupaid 1N
n ¢ 185N

Small unit allocation with full OFDM
symbol (all sub-carriers) allocated to a
user at a time
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802.16-e Frame

User @ DL

User 5 DL

User 10 DL

User 6 DL

User 1 DL

sjqupalq 1

User /7 DL

User 2 DL
User 8 DL
User 12 DL User 7 UL

Unit allocation is large with smaller segment of
sub-carriers allocated to a user — improves
efficiency
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VoIP Improvements with 802.16-e

Voice 20

IP+UDP+RTP+MAC G729, 20ms delay

WiMAX-PHS

Voice 20

WiMAX-PHS Voice 20
ertPS
Voice 20

- Small Overhead with Header compression (Rel-d Overhead ~ 4 xPayload)
*Silence suppression with ertPS (Enhanced Real Tme Packet service)



Advanced Antenna Technologies

« Rel-d specifies advanced antenna
mechanism but not selected in profiles.
Similarly MIMO is limited to simple diversity
coding techniques (e.g. 2x1 Alamount
scheme with 1 3 dB gain)

« Rel-e profile supports multiple antenna
solutions starting with beam forming
solutions for cell range, interference and
capacity increase.
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Interference Mitigation with Beam

Interference

Hit

Interference
Hit
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Link Budget Comparison
(Rel-d / Rel-d+ and Rel-e)

16d (outdoor CPE) 16e (outdoor CPE)
163.5dB (up to 172.7dB)

16e (Residential | 16e (Rg with 16e (PCMCIA
Gateway) patch antenna) board)

System gain
(128 kbit/s UL throughput) 163.5dB 167.5dB 155.5dB

System gain 150.4dB

16d+
(Self install CPE)

fzf;el'}:_ ?:r':ughpuﬂ 158.9dB 167.8dB 171.8dB 162.7dB

or given area
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CDF vs SINR with and without Beam Formina

100

4 PUSC Single Antenna

80 = AAS/AMC Lobe Steering

/70
DL Reuse 3

60

DF [%]

50
v

40
30
20
10

o)
-10 0 10 20 30 40 50

SINR [dB]

Rel-e provides more spectral efficiency and higher coverage
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Scheduling Services, Usage and
QoS parameters

Services Definition Application QoS Parameters

Unsolicited T1/E1, Voice Not Allowed Maximum Sustained Traffic

Grant Service Rate=Minimum Reserved Traffic
(UGS) Rate, Maximum Latency
Tolerated Jitter

Request/Transmission Policy

real time Realtime data streams consisting of MPEG, Video Allowed Minimum Reserved Traffic Rate
Packet Service variablesized data packets that are Maximum Sustained Traffic
(rtPS) issued at periodic intervals. Rate, Maximum Latency
Traffic Priority

Request/Transmission Policy

non real fime FTP Allowed Minimum Reserved Traffic Rate

Packet Service Maximum Sustained Traffic
(nrtPS) Rate, Traffic priority

Request/Transmission Policy

HTTP Allowed Maximum Sustained Traffic Rate
Traffic Priority
Request/Transmission Policy

Best Effort Data streams for which no data

(:13] minimum service level is required.

enhanced VolP with silence Allowed Maximum Sustained Traffic Rate
real time suppression Minimum Reserved Traffic
Packet Service Maximum Latency
(ertPS) Request/Transmission Policy
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WIMAX Network Reference Model

SS/
MS

Visited NSP

CSN

Home NSP

ASP Network
or Internet

R2
R2
R1 R3
......... — . @ 0o
! ASN |
—+1— R4
Another
ASN
NAP

CSN

ASP Network
or Internet
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WIMAX Network - IP based
Architecture

Mobile WiMAX
Terminal

Terminal

Fixed WIMAX
Terminal

Portable WiMAX |..

User Terminals

Network Interoperability Interfaces

Access
Mobile Service
WIMAX Y Netw ork
Base Gateway
Station (ASN-GW)

—— . — —— — — — — —

Access Service Network

I:l COTS Components

Roaming Interface

El WIMAX Components

| T ™~
1! Service Provider
1! IP Based
| | / Core Networks
| | //
1!
| : Content
: | ,«";‘ AAA Services
| : [ Server
|
| P
: : |‘| MIP HA IMS Services
T
| l I""I
! \ Billing Operation
| | \ Support Support
1! \ Systems Systems
I |
!
| o .
: 1 | Connectivity Service Network
| | —

COTS: Commercial Off The Shelf
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WIMAX Downlink Budget

Base Station Infrastructure MAP Traffic-PUSC Units
Tx Power per Antenna Element 10.0 10.0 10.0 Watts
Number of Tx Antenna Elements 2 2 2

Cyclic Combining Gain 3.0 30 3.0 dB
Tx Antenna Gain 15.0 15.0 15.0 dBi
Pilot Power Boosting Gain -0.7 -0.7 -0.7 dB
EIRP 57.3 573 57.3 dBm
Base Permutation Zone PUSC PUSC PUSC

Number of Occupied Sub-Carriers 840 840 840

Power per Occupied Sub-Carrier

Mobile Unit, (Handset Indoor)

28.1

28.1

28.1

dBm

Rx Antenna Gain -1.0 -1.0 -1.0 dBi
Rx Antenna Diversity Gain (2 30 30 30 dB
Antennas)

Rx Noise Figure 70 70 70 dB
Log Normal Fade Margin 5.56 5.56 5.56 dB
Fast Fading Margin 6.0 2.0 2.0 dB
Interference Margin 20 20 20 dB
Penetration Loss 10.0 10.0 10.0 dB
Total Margin 23.56 19.56 19.56 dB
Mobile Rx Sensitivity

Thermal Noise -174 -174 -174 dBm/Hz
Sub-Carrier Spacing 10.94 10.94 10.94 kHz
Modulation QPSK 1/8 QPSK 1/2 16QAM 1/2

SNR Required -3.31 3.49 8.93 dB
Delta from limiting cell range

distance 0.82

DL Traffic Data Rate 2.88 5.76 Mbps
Rx Sensitivity (per sub-carrier) -129.9 -123.2 -117.7 dBm
Rx Sensitivity (composite) -100.7 -93 9 -88 4 dBm
System Gain 160.0 153.3 147.8 dB
Maximum Allowable Path Loss 136.4 133.7 128.2 dB

PUSC: Partially Used Sub Carrier
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WIMAX U

Mobile Unit,

(Handset Indoor)

FB Channel

Traffic Full Allocation

nlink Margin

Tx Power per Antenna Element 200 200 200 mw
Number of Tx Antenna Elements 1 1 1

Tx Antenna Gain -1.0 -1.0 -1.0 dBi
EIRP 22.0 22.0 22.0 dBm
Permutation Zone FB Channel PUSC PUSC

Available Sub-Carriers 70 840 840

Allocated Sub-Channels 25 3 9

Allocated Sub-Carriers 70 72 216

Allocated Data Carriers 60 48 144

Power per Occupied Sub-Carrier 3.56 344 -1.33 dBm

Base Station Rx

Rx Antenna Gain

15.0

15.0

15

dBi

Rx Antenna Diversity Gain

3.0

3.0

3.0

dBi

Rx Noise Fiiure 40 40 40 dB

_Log Normal Fade Margin 5.56 5.56 5.56 dB
Fast Fading Margin 40 20 20 dB
Interference Margin 3.0 3.0 30 dB
Penetration Loss 10.0 10.0 10.0 dB
Total Margin 22.56 20.56 20.56 dB

Base Station Rx Sensitivity

Thermal Noise -174 -174 -174 dBm/Hz
Sub-Carrier Spacing 10.94 10.94 10.94 kHz
Modulation Type Ranging QPSK 1/8 QPSK 1/8

SNR Required -6.0 -2.5 -2.5 dB
Delta from limiting cell range 0.66

distance

UL Traffic Data Rate 38 115 kbps
Rx Sensitivity (per sub-carrier) -135.6 -1321 -132.1 dBm
Rx Sensitivity (composite) -117.2 -113.6 -108.8 dBm
System Gain 157.2 153.5 148.8 dB
Maximum Allowable Path Loss 134.6 133.0 128.2 dB

PUSC: Partially Used Sub Carrier
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Mobile WIMAX Physical Data Rates

Parameter Downlink Uplink Downlink Uplink
System Bandwidth 5 MHz 10 MHz
FFT Size 512 1024
Null Sub-Carriers 92 104 184 184
Pilot Sub-Carriers 60 136 120 280
Data Sub-Carriers 360 272 720 560
Sub-Channels 15 17 30 35
Symbol Period, Ts 102.9 microseconds
Frame Duration 5 milliseconds
OFDM Symbols/Frame 48
Data OFDM Symbols 44
5 MHz Channel 10 MHz Channel
Mod. Code Rate Downlink Uplink Downlink Uplink
Rate, Mbps Rate, Mbps Rate, Mbps Rate, Mbps
QPSK 1/2 CTC, 6x 0.53 0.38 1.06 0.78
1/2 CTC, 4x 0.79 0.57 1.58 1.18
1/2 CTC, 2x 1.58 1.14 3.17 2.35
1/2 CTC, Ix 3.17 2.28 6.34 4.70
3/4 CTC 4.75 3.43 9.50 7.06
16QAM 1/2 CTC 6.34 4.57 12.67 9.41
3/4 CTC 9.50 6.85 19.01 14.11
64QAM 1/2 CTC 9.50 6.85 19.01 14.11
2/3 CTC 12.67 9.14 25.34 18.82
3/4 CTC 14.26 10.28 28.51 21.17
5/6 CTC 15.84 11.42 31.68 23.52 65




WIMAX-d and WIMAX-e Profile
Comparision

ltems WiMAX 16d WiMAX 16e
Duplexing FDD/TDD 10D

Phy Layer OFDM 256 SOFDMA 512/1024
BW 3.5/7 MHz 5/7/10 MHz
Error correction CC Turbo code
Repetition coding No Yes (up to 6 times
H-ARQ No Yes
Sub-channeling Option Yes
Beamforming No 1O (Alcatel day one)
MIMO STC(2x1) option |0 STC/SM 2x2 (Alcatel 2007 release)
Mobility No Yes
Broadcast No 1O (Alcatel 2007 release)

option : not in any WiMAX 16d profile, interoperability not guaranteed
0 : optional BS WiMAX 16e profile {mandatory for CPE), interoperability guarenteed



WIMAX-d Frame
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802.16-e Frame

User @ DL

User 5 DL

User 10 DL

User 6 DL

User 1 DL

sjqupalq 1

User /7 DL

User 2 DL
User 8 DL
User 12 DL User 7 UL

Unit allocation is large with smaller segment of
sub-carriers allocated to a user — improves
efficiency
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VoIP Improvements with 802.16-e

Voice 20

IP+UDP+RTP+MAC G729, 20ms delay

WiMAX-PHS

Voice 20

WiMAX-PHS Voice 20
ertPS
Voice 20

« Small Overhead with Header compression (Rel-d Overhead ~ 4 x8ayload)
*Silence suppression with ertPS (Enhanced Real Tme Packet service)



Advanced Antenna Technologies

« Rel-d specifies advanced antenna
mechanism but not selected in profiles.
Similarly MIMO is limited to simple diversity
coding techniques (e.g. 2x1 Alamount
scheme with 1 3 dB gain)

« Rel-e profile supports multiple antenna
solutions starting with beam forming
solutions for cell range, interference and
capacity increase.
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Interference Mitigation with Beam

Interference

Hit

Interference
Hit
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Link Budget Comparison
(Rel-d / Rel-d+ and Rel-e)

16d (outdoor CPE) 16e (outdoor CPE)
163.5dB (up to 172.7dB)

16e (Residential | 16e (Rg with 16e (PCMCIA
Gateway) patch antenna) board)

System gain
(128 kbit/s UL throughput) 163.5dB 167.5dB 155.5dB

System gain 150.4dB

16d+
(Self install CPE)

fzf;el'}:_ ?:r':ughpuﬂ 158.9dB 167.8dB 171.8dB 162.7dB

or given area
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CDF vs SINR with and without Beam Formina

100

4 PUSC Single Antenna

80 = AAS/AMC Lobe Steering

/70
DL Reuse 3

60

DF [%]

50
v

40
30
20
10

o)
-10 0 10 20 30 40 50

SINR [dB]

Rel-e provides more spectral efficiency and higher coverage
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Scheduling Services, Usage and
QoS parameters

Services Definition Application QoS Parameters

Unsolicited T1/E1, Voice Not Allowed Maximum Sustained Traffic

Grant Service Rate=Minimum Reserved Traffic
(UGS) Rate, Maximum Latency
Tolerated Jitter

Request/Transmission Policy

real time Realtime data streams consisting of MPEG, Video Allowed Minimum Reserved Traffic Rate
Packet Service variablesized data packets that are Maximum Sustained Traffic
(rtPS) issued at periodic intervals. Rate, Maximum Latency
Traffic Priority

Request/Transmission Policy

non real fime FTP Allowed Minimum Reserved Traffic Rate

Packet Service Maximum Sustained Traffic
(nrtPS) Rate, Traffic priority

Request/Transmission Policy

HTTP Allowed Maximum Sustained Traffic Rate
Traffic Priority
Request/Transmission Policy

Best Effort Data streams for which no data

(:13] minimum service level is required.

enhanced VolP with silence Allowed Maximum Sustained Traffic Rate
real time suppression Minimum Reserved Traffic
Packet Service Maximum Latency
(ertPS) Request/Transmission Policy
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WIMAX Network Reference Model

SS/
MS

Visited NSP

CSN

Home NSP

ASP Network
or Internet

R2
R2
R1 R3
......... — . @ 0o
! ASN |
—+1— R4
Another
ASN
NAP

CSN

ASP Network
or Internet
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WIMAX Network - IP based
Architecture

Mobile WiMAX
Terminal

Terminal

Fixed WIMAX
Terminal

Portable WiMAX |..

User Terminals

Network Interoperability Interfaces

Access
Mobile Service
WIMAX Y Netw ork
Base Gateway
Station (ASN-GW)

—— . — —— — — — — —

Access Service Network

I:l COTS Components

Roaming Interface

El WIMAX Components

| T ™~
1! Service Provider
1! IP Based
| | / Core Networks
| | //
1!
| : Content
: | ,«";‘ AAA Services
| : [ Server
|
| P
: : |‘| MIP HA IMS Services
T
| l I""I
! \ Billing Operation
| | \ Support Support
1! \ Systems Systems
I |
!
| o .
: 1 | Connectivity Service Network
| | —

COTS: Commercial Off The Shelf
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WIMAX Downlink Budget

Base Station Infrastructure MAP Traffic-PUSC Units
Tx Power per Antenna Element 10.0 10.0 10.0 Watts
Number of Tx Antenna Elements 2 2 2

Cyclic Combining Gain 3.0 30 3.0 dB
Tx Antenna Gain 15.0 15.0 15.0 dBi
Pilot Power Boosting Gain -0.7 -0.7 -0.7 dB
EIRP 57.3 573 57.3 dBm
Base Permutation Zone PUSC PUSC PUSC

Number of Occupied Sub-Carriers 840 840 840

Power per Occupied Sub-Carrier

Mobile Unit, (Handset Indoor)

28.1

28.1

28.1

dBm

Rx Antenna Gain -1.0 -1.0 -1.0 dBi
Rx Antenna Diversity Gain (2 30 30 30 dB
Antennas)

Rx Noise Figure 70 70 70 dB
Log Normal Fade Margin 5.56 5.56 5.56 dB
Fast Fading Margin 6.0 2.0 2.0 dB
Interference Margin 20 20 20 dB
Penetration Loss 10.0 10.0 10.0 dB
Total Margin 23.56 19.56 19.56 dB
Mobile Rx Sensitivity

Thermal Noise -174 -174 -174 dBm/Hz
Sub-Carrier Spacing 10.94 10.94 10.94 kHz
Modulation QPSK 1/8 QPSK 1/2 16QAM 1/2

SNR Required -3.31 3.49 8.93 dB
Delta from limiting cell range

distance 0.82

DL Traffic Data Rate 2.88 5.76 Mbps
Rx Sensitivity (per sub-carrier) -129.9 -123.2 -117.7 dBm
Rx Sensitivity (composite) -100.7 -93 9 -88 4 dBm
System Gain 160.0 153.3 147.8 dB
Maximum Allowable Path Loss 136.4 133.7 128.2 dB

PUSC: Partially Used Sub Carrier
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WIMAX U

Mobile Unit,

(Handset Indoor)

FB Channel

Traffic Full Allocation

nlink Margin

Tx Power per Antenna Element 200 200 200 mw
Number of Tx Antenna Elements 1 1 1

Tx Antenna Gain -1.0 -1.0 -1.0 dBi
EIRP 22.0 22.0 22.0 dBm
Permutation Zone FB Channel PUSC PUSC

Available Sub-Carriers 70 840 840

Allocated Sub-Channels 25 3 9

Allocated Sub-Carriers 70 72 216

Allocated Data Carriers 60 48 144

Power per Occupied Sub-Carrier 3.56 344 -1.33 dBm

Base Station Rx

Rx Antenna Gain

15.0

15.0

15

dBi

Rx Antenna Diversity Gain

3.0

3.0

3.0

dBi

Rx Noise Fiiure 40 40 40 dB

_Log Normal Fade Margin 5.56 5.56 5.56 dB
Fast Fading Margin 40 20 20 dB
Interference Margin 3.0 3.0 30 dB
Penetration Loss 10.0 10.0 10.0 dB
Total Margin 22.56 20.56 20.56 dB

Base Station Rx Sensitivity

Thermal Noise -174 -174 -174 dBm/Hz
Sub-Carrier Spacing 10.94 10.94 10.94 kHz
Modulation Type Ranging QPSK 1/8 QPSK 1/8

SNR Required -6.0 -2.5 -2.5 dB
Delta from limiting cell range 0.66

distance

UL Traffic Data Rate 38 115 kbps
Rx Sensitivity (per sub-carrier) -135.6 -1321 -132.1 dBm
Rx Sensitivity (composite) -117.2 -113.6 -108.8 dBm
System Gain 157.2 153.5 148.8 dB
Maximum Allowable Path Loss 134.6 133.0 128.2 dB

PUSC: Partially Used Sub Carrier
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Mobile WIMAX Physical Data Rates

Parameter Downlink Uplink Downlink Uplink
System Bandwidth 5 MHz 10 MHz
FFT Size 512 1024
Null Sub-Carriers 92 104 184 184
Pilot Sub-Carriers 60 136 120 280
Data Sub-Carriers 360 272 720 560
Sub-Channels 15 17 30 35
Symbol Period, Ts 102.9 microseconds
Frame Duration 5 milliseconds
OFDM Symbols/Frame 48
Data OFDM Symbols 44
5 MHz Channel 10 MHz Channel
Mod. Code Rate Downlink Uplink Downlink Uplink
Rate, Mbps Rate, Mbps Rate, Mbps Rate, Mbps
QPSK 1/2 CTC, 6x 0.53 0.38 1.06 0.78
1/2 CTC, 4x 0.79 0.57 1.58 1.18
1/2 CTC, 2x 1.58 1.14 3.17 2.35
1/2 CTC, Ix 3.17 2.28 6.34 4.70
3/4 CTC 4.75 3.43 9.50 7.06
16QAM 1/2 CTC 6.34 4.57 12.67 9.41
3/4 CTC 9.50 6.85 19.01 14.11
64QAM 1/2 CTC 9.50 6.85 19.01 14.11
2/3 CTC 12.67 9.14 25.34 18.82
3/4 CTC 14.26 10.28 28.51 21.17
5/6 CTC 15.84 11.42 31.68 23.52 79




