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Agilent Technologies
The World’s Premier Measurement Company

$5.8 billion FY08 revenue

18,500 employees
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Customers in over 110 countries

70-year heritage of innovation
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FY08 Agilent Businesses
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Electronic Measurement
$3.6B

Life Sciences and Chemical Analysis
$2.2B

Identifying opportunities in wireless communication s
Moray Rumney

10th October 2009

Sales, Services, and Support Sales, Services, and Support

Agilent Laboratories – Applied research, existing and new businesses
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HP/Agilent – big… 
...but not always

Bill Hewlett and Dave Packard were 
the first students following his advice -
The Palo Alto HP garage in 1939 

Fred Terman encouraged 
his  Stanford students to set 

up their own companies 
rather than move East
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First product:
The HP200C Audio Oscillator

First customer:
Walt Disney bought six to make

the soundtrack of Fantasia



From Disney in 1939
to OFDMA in 2009
The Agilent LTE Book

www.agilent.com/find/ltebook

www.wiley.com

The first LTE book dedicated
to design and measurement
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30 Authors

460 pages

LTE at the Movies
Moray Rumney and Per Kangru
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Book overview

Chapter 1 LTE Introduction

Chapter 2 Air Interface Concepts

Chapter 3 Physical Layer

Chapter 4 Upper Layer Signaling
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Chapter 4 Upper Layer Signaling

Chapter 5 System Architecture Evolution

Chapter 6 Design and Verification Challenges

Chapter 7 Conformance Test

Chapter 8 Looking Towards 4G: LTE-Advanced

LTE at the Movies
Moray Rumney and Per Kangru

18th May 2009



So what to do for start-ups?

As a leading wireless tool 
vendor Agilent could sell 

you a powerful spade like 
our Vector Signal 

analyzer
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… or maybe step back a 
bit and suggest how or 
where to dig?



How to dig:
The importance of building a corporate culture
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Where to dig:
What we would like in wireless…

Simplicity and economies of scale:

- One worldwide wireless standard for everything

- One air interface

- One frequency band

- One core network
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- One core network

- No IPR (that we don’t own…)

For 2G, GSM substantially achieved this in 1992

For 3G, UMTS tried to achieve this in 1999 but faltered

For 4G, will LTE deliver?
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Attractive attributes of LTE

Based on OFDMA

• Scalable bandwidths for deployment flexibility and high data 
rates

• Suitable for use with MIMO

• Supports narrowband scheduling to take advantage of fading
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• Potential for higher efficiency than CDMA at wide bandwidths

• Supports enhanced broadcast features (MBSFN)

• Support for in-channel relaying (backhaul)

Simpler low latency packet-only core network

Support for QoS (e.g. for VoIP)
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Planned Order…
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…and the space (spectrum) to deploy it

Note use 
of spacial 
diversity!
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Denver



But what we have…
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…is the legacy
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5G

2G 3G1G

Yuck!
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4G

Heathrow



Phases of Technology Adoption
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Just because the industry invents a new standard does not mean 
success is guaranteed. What determines commercial success?
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Technology evolution - Audio

Over the last century, audio has evolved from wax through shellac, vinyl, 
metallic tape, to opto-mechanical discs and finally solid state silicon

At each new generation the user perceived benefits have been undeniable 
meaning earlier generations have largely been obsoleted.
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Technology evolution – Cellular

Commercial Cellular phone technology started in the 70s with expensive 
bulky and heavy products moving through the first true “handsets” and 
onto GSM and CDMA

But is the added value of new generations slowing down?
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Wireless evolution 1990 - 2010
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Evidence of growing fragmentation

Multiple simultaneous radio formats

Legacy technologies are cost effective and continue to evolve

• GSM -> GPRS -> EDGE -> eEDGE

• W-CDMA -> HSDPA -> HSUPA -> HSPA+

• IS-95 -> CDMA2000 -> 1xEV-DO (0, A, B)
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• IS-95 -> CDMA2000 -> 1xEV-DO (0, A, B)

Supply chain becoming fragmented

• Far fewer vertically integrated companies

• DigRF, CPRI, OBSAI

• Multiple OS and application development frameworks

Multiple frequency bands (19 for FDD and growing)

Page 20



One FDD digital band in 1990 to nineteen in 2009
Band Uplink Downlink

1 1920 1980 2110 2170

2 1850 1910 1930 1990

3 1710 1785 1805 1880

4 1710 1755 2110 2155

5 824 849 869 894

6 830 840 875 885

7 2500 2570 2620 2690

8 880 915 925 960

9 1749.9 1784.9 1844.9 1879.9

10 1710 1770 2110 2170

11 1427.9 1452.9 1475.9 1500.9
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11 1427.9 1452.9 1475.9 1500.9

12 698 716 728 746

13 777 787 746 756

14 788 798 758 768

15 1900 1920 2600 2620

16 2010 2025 2585 2600

17 704 716 734 746

18 815 830 860 875

19 830 845 875 890
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+Software defined 
amplifier & antenna?

Software defined baseband?



Evidence of growing complexity

Air interfaces are getting much more complex - primarily due to 
pursuit of high spectral efficiency and high data rates:

• Let’s start a work item to develop: Aggregated multiband multicarrier 
narrowband 64QAM TDD uplink multiuser closed-loop co-operative 4x4 
MIMO (with beamsteering) radiated performance requirements for VoIP 
(with QoS) using frequency-selective proportionally fair scheduling, cell 
edge interference coordination and cancellation for a high speed train 
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edge interference coordination and cancellation for a high speed train 
propagation environment served by a multi-hop in-channel relay network

Complexity grows with growing fragmentation
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Looking ahead to 4G:
Baseline 3.9G LTE FDD single band architecture
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Source: R4-091204 “Study of UE architectures for LTE-A deployment scenarios” Nokia



4G: Tri-band aggregation plus
4x20 MHz contiguous operation

The Hedgehog PhoneTM

“An Antenna for every 
Occasion”

Supports up to:
• 19 frequency bands
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Source: (Excluding the hedgehog) 
R4-091204 “Study of UE architectures 
for LTE-A deployment scenarios” Nokia

• 19 frequency bands
• 8 simultaneous radio 

technologies
• 8x8 MIMO…



Pursuing high efficiency is driving up complexity
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Unfortunately this one was for real!
(But thankfully it didn’t catch on)
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Managing complexity is an exponential problem

For n elements there 
are n2 - n possible 
interactions.
E.g. for 50 elements 
we have 2450 
interactions…

Its not that systems can’t work it is primarily that as complexity rises there 
are just so many operational combinations to design and test for
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If 4 elements in a 
system are capable of 
interacting either in a 

linear or complex 
fashion there are six

bi-directional scenarios 
to design and test for

But for a system with 9 
elements, there are 36 

bi-directional scenarios to 
consider

interactions…
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Conclusion:
Interaction must be 
minimized since we 
cannot design or 
test quality into 
complex systems



Consequences of growing fragmentation and 
complexity

Costs go up

Quality goes down

Return on investment drops
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Predicting the next winning technology
Often the “best” doesn’t win

• Ethernet vs. Token ring

• 802.11b vs. HiperLAN

• Windows 3.1 vs. Unix

• Iridium vs. GSM

• Esperanto vs. English (or maybe Chinese...)
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• Esperanto vs. English (or maybe Chinese...)

• Now it is LTE vs. GSM, HSPA and Wi-Fi

“Perfection is the enemy 
of the good”
Gustave Flaubert

French Novelist 1821 - 1880
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What will it take for LTE to deliver on the unified  
vision?

Sufficient clean spectrum in which to gain a foothold (e.g. 
European 800 MHz band)

Network optimization to milk opportunities and overcome 
challenges with OFDM

Demonstrated performance to drive obsolescence of legacy and 
evolving older technologies
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evolving older technologies

Solution to SMS/Voice support caused by the packet-only 
network

Economies of scale to drive down prices to below legacy 
systems
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Key lessons learned from 20 years of cellular

What we learned from GSM (2G)
Scale matters -> 4B devices worldwide
Ubiquitous low-rate services work and are hugely profitable (voice/SMS) 

What we learned from UMTS (3G)
A fat circuit-switched data pipe doesn’t cut it
Coverage matters

What we learned from HSPA (3.5G)
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What we learned from HSPA (3.5G)
Packet-switched data is essential for mobile broadband
When the megabits finally start flowing, data density matters
Pricing data at 1% of voice is not sustainable

What we learned from the iPhone
Usability and apps are vastly more critical to innovation than air interfaces
Wi-Fi is an effective way to offload low-grade traffic from cellular
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Identifying opportunities in wireless

Industry focus
The G factor

High efficiency air interfaces

Low value/bit services
Peak performance is sexy
Fixed cost higher performance

Opportunity focus
The A factor

Usable applications

High value/bit services
Average performance is key
Fixed performance lower cost
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Fixed cost higher performance
Unmanaged complexity
Niche apps that sometimes work
Cellular versus Wi-Fi
Unmanaged power
Science Fiction scale

HD video to a handheld
8x8 MIMO
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Fixed performance lower cost
Actively simplify
Ubiquitous apps that do work
Cellular with Wi-Fi
Green wireless
Human scale

SMS banking for the 2/3 world
Village scale wireless



Thank you for listening!
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