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Getting more from Copper
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Fiber to the Home
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“Verizon is aiming to spend as much as US$23 bn by 2010 on its fiber rollout, which
by then is forecast to pass 18 million households in the US. The network is already

being used to deliver new bandwidth-hungry services, says McKeehan, at the

heart of which is the FiOS IPTV product. Over the course of 2006, Verizon

states that the capex per home passed has fallen by 28 percent, from US$2221 to
US$1730” _ _ _
Michael McKeehan, Verizon'’s director
of internet and technology policy



Fixed- Portable-Mobile

Can not count on the idea of prices of fixed services being
lower than mobile. “Homezone™ operators are allowing voice
and data at cheaper rate when you are in a predefined
location.

In simple words: mobile systems can serve fixed users! Cost of
serving fixed users not reduced.

Interestingly, it seems that the mobile phone does indeed retain
its appeal, even when pitted against the PC and TV. For
instance, a recent McKinsey report highlighted that 35% of
mobile TV is watched in the home.



Broadband Wireless Standards

WAN

IEEE 802.20- 3GPP, GSMA,
Mobile BWA ETSI/BRAN

Most of the time, systems proponents claim that the system is simply the BEST



Deployment Considerations

Spectral Efficiency

Increase without modifications to antenna systems
protocol and scheduling efficiency Capacity
License Bands

paired / unpaired, FDD / TDD, use of scattered allocations

— Compatible dimensions and frequency bands Coverage
— MIMO systems
» Space Time Coding (STC) to increase range
« Spatial Multiplexing (SM) to increase capacity
— Smart Antennas Complexity

— Operator Profile
+ Greenfield or existing network
— Area Profile
» Urban/suburban/rural
* Indoor hot spots (pico / femto cells)

*Source: “Next Generation Mobile Networks”, NGMN White Paper, Dec. 2006



The Typical Tricks

« Adaptive Modulation Coding
« HARQ

» Scheduling

« MIMO

« Smaller cells

* More frequency



Adaptive Modulation Coding

5 MHz Channel 10 MHz Channel

Mod. CodeRate  Downlink Uplink Downlink Uplink
Rate, Mbps Rate, Mbps Rate, Mbps Rate, Mbps

QPSK 1/2 CTC, 6x 0.53 0.33 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, 1x 3.17 2.283 0.34 1.70

3/4 CTC 4.75 3.43 9.50 7.06

16QAM | 1/2 CTC 0.34 4.57 12.67 941
314 CTC 9.30 6.85 19.01 1411

64QAM | 1/2 CTC 9.30 6.8 19.01 i4.11
2/3 CTC 12.67 9.14 25.34 18.8.

3/4 CTC 1426 10.28 28.51 21.17

5/6 CTC 1584 11.42 31.6¢8 23.52




AMC: WIMAX Example

Effective channel
capacity at
maximum range
= 3.4 Mbps

I 2.0 kim 3.0 krmy 4.4 K 5.2 km
NLOS Range for Rural Deployment, ourdoor CPEs, 3.5 GHz FOD
1.4 ki, Max range for indoor CPEs in rural emyironimen:

WiMAX Forum

Less than 1Km coverage in real deployments
Need for external antennas (cost, headache!)
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Scheduling

scheduled high data rate
USEl smmmsm 4
User 1
User 2 ——
low data rate
1l:ime

M oiw M | oM L W DM

Scheduling: detenninbs which end user to transmit to, at a given moment
Channel-dependent Scheduling: transmit at fading peaks

With OFDM, finer granularity: subcarriers



Two Kinds of MIMO (correlated chs?)
— Spatial Multiplexing (MATRIX-B)

—| S/P P/S

— Space-Time Coding (MATRIX-A)




HSDPA MIMO Gain

— Recent results for Rel-7 WCDMA proposals from Ericsson and
Nokia

— Network simulations comparing 1x2 Rx Diversity with 2x2 MIMO
for HSPDA.

— Ericsson results very promising:
» Macro-cell deployment shows throughput improvement of 20% for 2x2
and 50% for 4x4.

» Micro-cell deployment with strong LOS shows 10-20% improvement
for 2x2 and 35-40% for 4x4.

» Micro-cell deployment with no LOS gives 30% for 2x2 and over 100%
with 4x4!

— Nokia results less detailed and less optimistic. Unable to show any
significant improvement using MIMO (sometimes even
degradation!)



Mobile WIMAX: Filed Measurements

File Edit Transfer View Queus

= - |E°|_i frag !Q I ! ] F T Address: User:
Flesponse-: 257 "Awimax' is current directory. -~
Commarnd: TY'FE |
Fesponze: 200 Type zet ta |
Cormmand: PORT 192.168.200.53.10.57
Responsze: 200 PORT command successful
Command: RETR pdffactoryl . zip ==
Responsze: 150 Opening BINARY mode data connection for pdffactarnyl . zip[2189792 bytes). s
Local Site: |[S - Remote Site: | Awimaxs o
-2 UMet Demo | Filemnams File £ 5 =l =
S|y virtual Serial Port B 15w BniIP). doc 14 ]
E- il WiMa: ZRYO4S B 1w (IP) . doc 1z
) wWiMaxTestDownloads | ﬁigwbm li:ni :E 5 DL: 3.10 mbps UL: 0.06 mbps
Filename » Filesize Filebype Lask Modif .?gwbs_.ini 4368  25/07/2005 00:22
~ [ iceroit F7EZ400 30/01/2008 1509
- ) . liPMessenger.exe 858525 26012008 24:00
Brot rar S3MB  WinRAR archive 09j0z/200¢ :
' Klik 2752512  30/01/2008 24:49
IE';]LSIT OF EXTRA MATERI. .. 24054 16J07 2005 17:47
¥ oFTK before upragde.doc 22720 28092005 14:45

2189722  0O40Z/2002  13:04
2189722  0O40Z/2008 13:04
5531160 12/01/2003 16:53

Ermlnstddd.exe

=| sp0& cold pakch.kxt F2F6 ZLOFfZ005 1429
[Z] thi_BSc OLD.sql 3432  04/09)z005  11:11
I!E:]These are prepaid Mobil.. . 25055 09J05 2005 16:20
@ THU TEST .ExE 10977 23J07jz005  19:56

=| TRFIMNF.ExE 153409  2Z5/09)2005 14:48
M9 TSR1 hardware TEST.doc 40960 25072005 17:00
< | » Ej TSRA1-MSOFTXI000, TET 490691 ZOJO7FIZ005  23:03 :
1 fFile with S60585473 bytes, Selected Z Files with 43795584 bykes.
Local Filename Size Drirection Remoke Filenames Host Skatus
E:\wwilMax TestDownloadspdffactory . zip 2159792 <o = wimaxpdff ackory . zip 10.197.0.10:21
0:00:07 elapsed 0:00:03 left 1400140 bytes (175.0 KB/s)
E:wWilMaxTestDownloadsipdffactory1. ... 215979z P winax/pdffackoryl.zip 10.197.0.10:21
0:00:06 elapsed 0:00:07 left N 960680 bytes (135.6 KB/S)
E:\WyilMaxTestDownloadsiD1 . rar S6056473 =-- Swimax/D1.rar 10.197.0,10:21
Ready QueUs: 57 ME: & &

Ground floor 3.2 Mbps (16 QAM) and First Floor 7Mbps(64QAM
Near window, 5MHz channel



Mobile WIMAX with MIMO (2x2)
10 MHz channel/ Philippines

31Mbps w/ MIMQ Matrix B

Max. DL Throughput (MIMO Matrix B)
31.7 Mbps @ 64QAM 3/4

Max. UL Throughput
6.4 Mbps @ 16QAM 3/4

Ave. DL Throughput (MIMO Matrix B)
28.7Mbps @ 64QAM 3/4

Ave. UL Throughput
5.8 Mbps @ 16QAM 3/4



HSDPA bit-rate: stationary during poor radio
conditions.
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Can operators claim peak data rates?
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System and certification profiles

System profile Certification profiles
Duple:ing Channel width

— 3.5 GHz TDD 3.5 MHz )
—{( 3.5 GHz TOD 7 MHz )
Fixed WikdAX
[ |EEE 802182004, OFOM) }—[ 35 GH. FOIN 3.5MHz )
( 35GHz FOD 7 MHz )
—( 5.8 GHz TOD 10 MHz )

D Certified equipment available D Eligible certification profiles

Interoperability? If not, need a standard?



Advantage of lower frequencies

CapeX Comparisons as a Function of Deployment Spectrum
Propagation analysis baseline:
Suburban, Max Available PL=145dB, f=700 MHz, Ht=50m, Hr=1.5m
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q y pioy ( ) Source: Intel Analysis 2004

e At 2.5 GHz, need 4 times more base stations than at 700 MHz.
* Cell size radius goes from 10 km at 700 MHz to 2.9 km at 5.8 GHz.

« Lower frequencies preferred




Frequency Impact
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WIMAX Spectrum Cost

License cost summary:
Frequency Range
Bandidth

Average Antenna Height
Average Power

License Type

Cost

i

23

20
Kingdom-wide

2,500,000.00

[2600-2603) f{2600-2603) (MHz)

(MHz)
(Meter]

[Watt)

(SAR)

License cost summary:
Frequency Range
Bandwidth

Average Antenna Height
Awerage Power

License Type

Cost

(3400-3405] [(3400-3405] (MHz)

i (MHz)

29 (Meter)

20 |Watt)
Kingdom-wide

1,785714.29  (SAR)

Being able to afford the cost doesn’t mean that you can get the frequency!



Mesh Networkinc

Number of hops? Delay? Privacy?




Femto Cells

pAacro network ZoneGale takes most power-hungry
GESMSUMMTS UMTS wsers off the macrocell

s /
Broadband carries traffic to
aoperator’s netwaork using
( ,’:" : standards-based protocols
- - Tub, SIF and UMA

GSM/SUMTS

lacalised
air interface

Standard
GSRMAURATS
mabile phone

PO il AT

ZoneGale prowvides

GSM/AUMTS
COoOWEra EE
indoors
FoneGate is low-power, 'ﬂ‘ i Condensed
self-configuring to . subset of
minimise interference D5Gi services environment mabile

supporting operator amd network
third party applications

Signals gets attenuated by walls? Get the BTS inside the home.
Interference? Cost? User Movement?



Cost Cross-Over Points

$7,000,000 Total Cost
HSDPA (Excluding common items)
$6,000,000 \
$5,000,000
$4,000,000
WIMA X e
$3,000,000
$2,000,000
$1,000,000
$0
Data Density City Core (Base Urban (Base Case) or Suburban / Rural Cluster Rural (Base Case)

) Case) or Urban @ Rural Cluster @ 50%  (Base Case) or Urban @ or Suburban @
Examples : 85% penetration penetration 5% penetration 1.5% penetration



ACF In different business models

Incumbent Operator New Entrant

Urban, high AD_SL Negative ACF Positive ACF after
penetration >5 years

Urban, low ADSL Positive ACF after Positive ACF after
penetration >4, 5 years >4 years

Rural, high AD_SL Negative ACF Positive ACF after
penetration >5 years

Rural, low ADSL Positive ACF after Positive ACF after
penetration >5 years >4 years
Nomadic Marginal, depending on assumptions




