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Getting more from Copperg pp



Fiber to the Home
Already three 
regions areregions are 
covered by STC as 
pilot projects in 
Riyadh, Dammam, 
Jeddah

“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 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-MobileFixed- Portable-Mobile
Can not count on the idea of prices of fixed services beingCan 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 
l tilocation.

In simple words: mobile systems can serve fixed users! Cost ofIn 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 pp , p g
instance, a recent McKinsey report highlighted that 35% of 
mobile TV is watched in the home.



Broadband Wireless Standards
WAN

MAN

IEEE 802.20-
Mobile BWA 

3GPP, GSMA, 
ETSI/BRAN

MANIEEE IEEE 802802..1616--
WirelessMANWirelessMAN

ETSI 
HiperMAN

LANIEEE 802.11-
WirelessLAN

ETSI 
HiperLAN

IEEE 802.15 -
Bluetooth

PAN ETSI 
HiperPAN

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



Deployment Considerationsp y
Spectral Efficiency
Increase without modifications to antenna systems

S t protocol and scheduling efficiency
License Bands
paired / unpaired, FDD / TDD, use of scattered allocations

Spectrum
Capacity 1

– Compatible dimensions and frequency bands
– MIMO systems

Space Time Coding (STC) to increase rangeAntennas

Coverage 2

• Space Time Coding (STC) to increase range
• Spatial Multiplexing (SM) to increase capacity

– Smart Antennas

te as

Complexity 3

– Operator Profile
• Greenfield or existing network

– Area ProfileSites Cost 4
• Urban/suburban/rural
• Indoor hot spots (pico / femto cells)

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



The Typical Tricks
• Adaptive Modulation Coding
• HARQ
• Scheduling• Scheduling
• MIMO
• Smaller cells

M f• More frequency



Adaptive Modulation Coding



AMC: WiMAX Example

WiMAX Forum

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



HARQ



Scheduling

With OFDM finer granularity: subcarriersWith OFDM, finer granularity: subcarriers



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

MIMOPre
P/SEqualisation

MIMO 
Channel

Pre-
distortionS/P

– Space-Time Coding (MATRIX-A)

Space-
Time 

Decoding

MIMO 
Channel

Space-
Time 

Coding



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 2x2Macro 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.
Mi ll d l t ith LOS i 30% f 2 2 d 100%• 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– Nokia results less detailed and less optimistic. Unable to show any 
significant improvement using MIMO (sometimes even 
degradation!)



Mobile WiMAX: Filed Measurements 

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



Mobile WiMAX with MIMO (2x2) 
10 MH h l/ Phili i10 MHz channel/ Philippines



HSDPA bit-rate: stationary during poor radio 
conditions.

Ericsson:  40 HSDPA sites generally separated by a site-to-site distance of 
500m. 
C i 7 2 Mb b t t f d t t t l ti !Can give 7.2 Mbps but not for many users and not at most locations! 



Can operators claim peak data rates?



System and certification profiles

Interoperability? If not, need a standard?



Advantage of lower frequenciesAdvantage of lower frequencies

CapeX Comparisons as a Function of Deployment Spectrum
P ti l i b liPropagation analysis baseline: 

Suburban, Max Available PL=145dB, f=700 MHz, Ht=50m, Hr=1.5m
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• At  2.5 GHz, need  4 times more base stations than at 700 MHz.

Source:  Intel Analysis 2004

• Cell size radius goes from 10 km at 700 MHz to 2.9 km at 5.8 GHz.
• Lower frequencies preferred

24



Frequency Impact
(Urban environment)

q y p

900 MHz 2100 MHz

2500 MHz 4600 MHz3500 MHz
Source: Eurescom, ING



WiMAX is part of IMT2000WiMAX is part of IMT2000

:تقوم الهيئة بحساب المقابل المالي لاستخدام الترددات طبقاً للمعادلة التالية 
د ريال× م × ط × ق × ج × ع × ن × ت = المقابل المالي لإستخدام الترددات 

هو معامل هوائى  ) ج(هو معامل ارتفاع الهوائى فوق سطح الأرض ، )ع(هو معامل عرض النطاق ،)ن(حيث ق)ن(ي رض رض)ع(و ح وق ى هو ع ر ى)ج(و و و
هو  ) م(هو معامل آثافة الطلب على النطاق الترددى ، ) ط(هو معامل القدرة ، ) ق(متنقل أو هوائي غير إتجاهي ، 

.هو معامل التغطية الجغرافية ) د(معامل المدن ذات الاستخدام المكثف للطيف الترددي ، 



WiMAX Spectrum Costp

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



Mesh Networkingg

Number of hops? Delay? Privacy? 



Femto Cells

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



Cost Cross-Over Points
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ACF in different business models

New EntrantIncumbent Operator

Positive ACF after
>5 yearsNegative ACFUrban, high ADSL 

penetration

New EntrantIncumbent Operator

>5 yearsg

Positive ACF after
>4 years

Positive ACF after
>4, 5 years

penetration

Urban, low ADSL 
penetration 4 years4, 5 years

Positive ACF after
>5 yearsNegative ACF

penetration

Rural, high ADSL 
penetration

Positive ACF after
>4 years

Positive ACF after
>5 years

Rural, low ADSL 
penetration

Marginal, depending on assumptionsNomadic


