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Explosion of Mobile Data Usage
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Ficora Mid-2009 Report 
(Finnish Communications Regulatory Authority)

• 664.000 HSPA subscribers, which is 12.5% penetration of the whole 
population (5.3 M population)

• Other wireless solutions close to non-existent: Digita 450 Flarion 32 
ksubs and WiMAX 11 ksubs

• HSPA penetration has increased 115% during the last 12 months and 
40% during the last 6 months

• DSL penetration has decreased 4% during the last 12 months

http://www.ficora.fi/attachments/suomimq/5jdCGapBJ/Markkinakatsaus_2_2009.pdf
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HSPA Makes 30% of All Broadband Connections

HSPA
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HSPA Data Volume Increased by 5x During Last 12 
Months. Usage per Sub More than Doubled. 

0.7 GB /sub 
/month

1.2 GB /sub 
/month

1.5 GB /sub 
/month
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Traffic per Sub for Different Operators in Sweden

• H3G subscribers consume 5x more data than Telia subscribers
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UMTS900 Provides Nationwide Broadband 

Finnish operators are rolling out >1000 UMTS900 
BTS per year – that is faster than ever before in the 
history of mobile communications. The target is to 

improve mobile broadband coverage.
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Drivers for LTE

User experience
• Speed
• Coverage
• Flat rate

Traffic volume Cost per bit
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LTE in 3GPP
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Mobile evolution driven by radio, LTE the 
mainstream path

2007 2008 2009 2010 2011 2012

GSM/EDGE
WCDMA/HSPA

TD-LTE

EDGE evolution
HSPA+

Cellular

Wireless
Broadband Fixed WiMAX

LTE - FDD

Convergence*

* operators with sufficient spectrum and mobile offering

Mobile WiMAX

rel 0  rel ACDMA 2000
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LTE Status in 3GPP 

• LTE functional freeze has been reached, so no new functionality to be 
introduced anymore in Release 8

• RRC (Radio Resource Control) specification was the biggest open issue 
in LTE specifications

• The ASN.1 was frozen in March 2009 
• Any commercial devices need to be build on top of the March 2009 RRC 

specification 
• For network interfaces 05/2009 ASN.1 is needed due to the non-

backwards compatible changes for 05/2009 version
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LTE Release 8 Uses Stabile March 2009 Baseline  
(Backwards Compatibility)

LTE change requests in 3GPP RAN (excl RAN4)
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Number of change requests 
(CR) went down after 

March. All these CRs are 
backwards compatible. 
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LTE Timing in 3GPP
• LTE Release 8 started backwards compatibility March 2009
• Historically, it has taken 1.25-1.5 years from the backwards compatibility 

until commercial launch with HSDPA and HSUPA
• LTE commercial launch expected 2H/2010 based on HSDPA/HSUPA 

track record

2003 2004 2005 2006 2007

1 2

1 2

1.5 years

1.25 years

1 = Backward compatibility
2 = 1st commercial launch

HSDPA

HSUPA

2008 2009 2010

1 2
1.5 years

LTE
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LTE Chip Set Timing

LTE chip 
samples from 

Qualcomm 
November 2009

LTE USB 
modems 

available 2H/10
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LTE Connection Using March 2009 Baseline
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Testing with Four LTE Devices
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LTE Technology
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Downlink Air Interface Technology

• OFDM-based DL air interface
• Frequency bandwidth options are 1.4 

MHz, 3.0 MHz, 5 MHz, 10 MHz, 15 
MHz and 20 MHz

• Each BW has fundamentally similar 
features

– Symbols are parameterized equally
– 15 kHz subcarrier spacing
– Clock is 2N (8x) multiple of 3.84 MHz
– FFT scales as a power of two

• 3GPP is discussion also alternative 
parameters for the broadcast use 
(Mobile TV case)

Up to 20 MHz

1.4 MHz

3.0 MHz

5 MHz

10 MHz

20 MHz

FFT size

128

256

512

1024

2048

Bandwidth

Narrow spectrum
refarming

High data rates
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OFDM Transmitter/Receiver Chain

• OFDM is used in various 
systems, like:

– DVB-T
– DVB-H
– WLAN (IEEE family)
– WiMAX

• Key component is the 
inverse discrete Fourier 
transform 

• Moving between time and 
frequency domain 
representation

frequency

Transmitter

totalradio BW (eg. 20 MHz)

Modulator Cyclic
Extension

Remove
Cyclic 

Extension

Equaliser

Bits

frequency

Receiver totalradio BW (eg. 20 MHz)

Modulator

Bits

IFFTIFFTSerial to
Parallel

…

IFFTSerial to
Parallel

FFT…

Demodulator
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Why not to use OFDM in the uplink?

• The transmitted OFDM signal should be seen as a sum of sinusoid
• This is not suited for a highly linear, power efficient terminal amplifier
• The envelope needs to be with as low Peak-to-Average Ratio (PAR) as 

possible.

Power Amplifier sees this!

IFFT

…

Frequency domain
QAM modulated inputs

Time domain signal
(sum of sinusoids)

FFT

…

Frequency domain
QAM modulated outputs
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Uplink Multiple Access – SC-FDMA
User multiplexing in frequency domain
Smallest uplink bandwidth 180 kHz. 
• Largest 20 MHz (terminal are required to able to receive & transmit up to 

20 MHz, depending on the frequency band though.)

IFFT

Terminal 1 Transmitter

Terminal 2 
Transmitter

frequency

frequency

IFFT

FFT

FFT

frequency BTS Receiver
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LTE Physical Layer Structure – Frame Structure

Data SymbolsControl Symbols

D
L

Sub-carriers

0.5 ms Slot

1 ms Sub-frame

10 ms Radio Frame

…
0 1 2 3 191817

1-3 symbols for control
(2-4 for 1.4 MHz)

Data symbols only in every 2nd symbol
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Architecture Evolution – User Plane

HSPA 
(3GPP R6)

I-HSPA 
(3GPP R7)

LTE 
(3GPP R8)

Node-B

RNC

SGSN

GGSN

Node-B with 
RNC functions

GGSN

eNode-B

SAE GW

HSPA direct tunnel
(3GPP R7)

Node-B

RNC

GGSN

• Flat architecture = single network element in user plane in radio network 
and in core network
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LTE Architecture – Control Plane

• The interface between 
RAN & Core network is 
called S1 interface

• Interface between 
eNode B is named X2

X2RRC

UE

RLC

MAC

Physical Layer
RRC

eNode B

RLC

MAC

Physical Layer

RRC

eNode B

RLC

MAC

Physical Layer MME

S1_MME

S1_MME

NAS NAS
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LTE Handovers
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Handover Procedure

SAE GW

MME

Source 
eNB

Target 
eNB

SAE GW

MME

SAE GW

MME

SAE GW

MME

= Data in radio
= Signalling in radio
= GTP tunnel
= GTP signalling

= S1 signalling
= X2 signalling

Before handover Handover 
preparation Radio handover Late path 

switching
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User Plane Switching in Handover

UL DL

UL
DL

UL DL

DL
UL

DL

DL UL

Before handover Packet 
forwarding

Late path 
switching

UL DL
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LTE Data Rates
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LTE Structure for 10 MHz with 2x2 MIMO
10 ms = 10 subframes = 140 symbols

=PDSCH
=PBCH
=Reference

=Synchronization
=PCFICH
=PDCCH
=PHICH
=Reserved for 
4x4 MIMO
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Modulation coding 1.4 MHz 3.0 MHz 5.0 MHz 10 MHz 15 MHz 20 MHz
QPSK 1/2 Single stream 0.7 2.1 3.5 7.0 10.6 14.1
16QAM 1/2 Single stream 1.4 4.1 7.0 14.1 21.2 28.3
16QAM 3/4 Single stream 2.2 6.2 10.5 21.1 31.8 42.4
64QAM 3/4 Single stream 3.3 9.3 15.7 31.7 47.7 63.6
64QAM 4/4 Single stream 4.3 12.4 21.0 42.3 63.6 84.9
64QAM 3/4 2x2 MIMO 6.6 18.9 31.9 64.3 96.7 129.1
64QAM 1/1 2x2 MIMO 8.8 25.3 42.5 85.7 128.9 172.1
64QAM 1/1 4x4 MIMO 16.6 47.7 80.3 161.9 243.5 325.1

Peak Data Rates – Downlink 
• Following overheads reduced

– Synchronization, reference, PBCH, PCFICH, PHICH and 1 PDCCH symbol
• Relative overheads

– Reference symbol overhead 9.5% with 2x2 MIMO
– PDCCH overhead 7.1% with single symbol (two symbols with 1.4 MHz)
– Other overheads <1% with 10 MHz bandwidth

• Peak rate 172 Mbps with 2x2 MIMO and 20 MHz
• Following overheads not reduced: CRC, L2/L3 headers, IP headers
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Peak Data Rates – Uplink 
• Following overheads reduced

– 1 symbol for reference symbol
– 1 resource block for PUCCH

• Relative overheads
– Reference symbol overhead 14.3%
– PUCCH overhead 2.5%

• Peak rate 57 Mbps with 20 MHz and 16QAM
• Following overheads not reduced: CRC, L2/L3 headers, IP headers

Modulation coding 1.4 MHz 3.0 MHz 5.0 MHz 10 MHz 15 MHz 20 MHz
QPSK 1/2 Single stream 0.7 2.0 3.5 7.1 10.8 14.3
16QAM 1/2 Single stream 1.4 4.0 6.9 14.1 21.6 28.5
16QAM 3/4 Single stream 2.2 6.0 10.4 21.2 32.4 42.8
16QAM 1/1 Single stream 2.9 8.1 13.8 28.2 43.2 57.0
64QAM 3/4 Single stream 3.2 9.1 15.6 31.8 48.6 64.2
64QAM 1/1 Single stream 4.3 12.1 20.7 42.3 64.8 85.5
64QAM 1/1 V-MIMO (cell) 8.6 24.2 41.5 84.7 129.6 171.1
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Maximum Data Rates with LTE

Downlink

Uplink

• Transport block sizes defined in 3GPP 36.213

1.4 MHz 3.0 MHz 5.0 MHz 10 MHz 15 MHz 20 MHz
Resource blocks 6 15 25 50 75 100

Modulation MIMO usage
QPSK Single stream 0.9 2.3 4.0 8.0 11.8 15.8
16QAM Single stream 1.8 4.6 7.7 15.3 22.9 30.6
64QAM  Single stream 4.4 11.1 18.3 36.7 55.1 75.4
64QAM  2x2 MIMO 8.8 22.2 36.7 73.7 110.1 149.8

1.4 MHz 3.0 MHz 5.0 MHz 10 MHz 15 MHz 20 MHz
Resource blocks 6 15 25 50 75 100

Modulation MIMO usage
QPSK Single stream 1.0 2.7 4.4 8.8 13.0 17.6
16QAM Single stream 3.0 7.5 12.6 25.5 37.9 51.0
64QAM  Single stream 4.4 11.1 18.3 36.7 55.1 75.4
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LTE UE Categories
• All categories support 20 MHz
• 64QAM mandatory in downlink, but not in uplink (except Class 5)
• 2x2 MIMO mandatory in other classes except Class 1
• Class 3 expected initially

Class 1 Class 2 Class 3 Class 4 Class 5

10/5 Mbps 50/25 Mbps 100/50 Mbps 150/50 Mbps 300/75 MbpsPeak rate DL/UL

20 MHzRF bandwidth 20 MHz 20 MHz 20 MHz 20 MHz

64QAMModulation DL 64QAM 64QAM 64QAM 64QAM

16QAMModulation UL 16QAM 64QAM 16QAM 16QAM

YesRx diversity Yes YesYes Yes

1-4 txBTS tx diversity

OptionalMIMO DL 2x2 4x42x2 2x2

1-4 tx 1-4 tx 1-4 tx 1-4 tx
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Samsung LTE Modem (Teliasonera)

http://www.teliasonera.com/press/pressreleases/item.page?prs.itemId=453980
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Frequency Domain Scheduling

Frequency

Resource block

Transmit on those resource 
blocks that are not faded

Carrier bandwidth

• Frequency domain scheduling uses those resource blocks that are not 
faded

• Not possible in CDMA based system
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Gain of Frequency Domain Scheduling

• Up to 40% gain from frequency domain scheduling with 
– low km/h
– large number of users 
– no MIMO

 

0 5 10 15 20 25 30
UE speed [kmph]

40% FDPS gain

Frequency selective CQI

Wideband CQI (no FDPS)
7.5

8.0

8.5

9.0

9.5

10.0

10.5

11.0

11.5

12.0

12.5
Av

er
ag

e 
ce

ll 
th

ro
ug

hp
ut

 [M
bp

s]



37 © Nokia Siemens Networks

Time and Frequency Domain Schedulers

FD SchedulerFilter of 
NMaxFDM

Packet Scheduler

Control channel
resource check

TD Scheduler

Buffer 
statusCQI QoS

UE to 
PRB 

Mapping

CQI

Past Averaged Throughput, 
Scheduled Throughput 

Scheduled Throughput per PRB

HARQ

• Time domain scheduling provides QoS differentiation
• Frequency domain scheduling provide efficiency gains
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LTE Coverage
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Coverage Impact of the Spectrum

Okumura-Hata with 6 dB lower antenna gain with 800 and 900. 
TDD link budget loss 3 dB.

Typical site coverage area in suburban area 

34.7

29.4
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9.9

5.8
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EU800

900

1800

2100
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Table 5.7.1-1: Random access preamble parameters. 

Preamble format CPT  SEQT  
0 s3168 T⋅  s24576 T⋅  
1 s21024 T⋅  s24576 T⋅  
2 s6240 T⋅  s245762 T⋅⋅  
3 s21024 T⋅  s245762 T⋅⋅  

 

.2.3 Transmission timing adjustments 
Upon reception of a timing advance command, the UE shall adjust its uplink transmission timing. The timing advance 
command is expressed in multiples of 16 sT and is relative to the current uplink timing. 

In case of random access response, 11-bit timing advance command [8], TA,  indicates NTA values by index values of  TA 
= 0, 1, 2, ..., 1282, where actual amount of the time alignment is given by NTA = TA ×16. NTA is defined in [3]. 

Cell Size in LTE – L1 Parameter 

• 3GPP specs allows 100 km cell range

Timing advance: 
1282*0.52e-6*3e8/2 
= 100 km cell range

TA=0.52 μs
Ts = TA/16

3GPP 36.313

RACH preamble format 3 = (3e-
3-(2*24576+21024)*0.52e-

6/16)*3e8/2 = 100 km

3GPP 36.211

Format 3 uses 3 ms 
for RACH reception
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HSPA Evolution
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Multicarrier HSPA Evolution in Release 9/10

1 x 5 MHz
Uplink Downlink

1 x 5 MHz

4 x 5 MHz

Uplink Downlink
4 x 5 MHz

• HSPA release 7 UE can receive and transmit only on 1 frequency 
even if the operator has total 3-4 frequencies

• HSPA release 8 brought dual cell HSDPA
• Further HSPA releases will bring multicarrier HSDPA and HSUPA 

which allows UE to take full benefit of operator’s spectrum
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HSPA Data Rate Evolution

14 Mbps

21-28 
Mbps

Downlink

3GPP R5 3GPP R6 3GPP R7

Uplink

42 Mbps
84 Mbps

3GPP R8 3GPP R9

168 Mbps

3GPP R10+

14 Mbps

0.4 Mbps
5.8 Mbps

11 Mbps 11 Mbps 23 Mbps
54 Mbps

DC-HSDPA
DC-HSDPA 
+ MIMO

4-carrier 
HSDPA

DC-HSUPA 
4-carrier 
HSUPA

16QAM

64QAM or 
MIMO

• HSPA has data rate evolution beyond 100 Mbps 
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HSPA and LTE Spectral Efficiency Evolution

Evolution of HSPA efficiency
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Harmonization of HSPA and LTE

• HSPA and LTE have been developed by the same 
standardization organization. The target has been 
simple multimode implementation.

• HSPA and LTE have in common
– Sampling rate using the same clocking frequency
– Same kind of Turbo coding (also maximum block size close 

enough)

• The harmonization of these parameters is important 
as sampling and Turbo decoding are typically done 
on HW due to high processing requirements
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Voice Evolution
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Voice is Still Important in LTE

Paging in 
LTE

2G/3G RAN

MMEE-UTRAN
MSC-S MGW

CS call setup 
in 2G/3G

CS Fallback handover

• Voice with LTE terminals has a few different solutions
• The first voice solution in LTE can rely on CS fallback handover where 

LTE terminal will be moved to 2G/3G to make CS call 
• The ultimate LTE voice solution will be VoIP + IMS
• CS voice call will not be possible in LTE since there is no CS core 

interface
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LTE Voice Evolution

Broadband LTE  
introduction

MGW MSS

LTE
HSPA & I-HSPA

2G/3G

CS/PS

Increased radio 
efficiency for voice

service
LTE

HSPA & I-HSPA
2G/3G

Full IMS centric 
multimedia service 

architecture

LTE
HSPA & I-HSPA
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Data only LTE Fast track LTE VoIP IMS multimedia

• CS fallback 
handover

• VoIP
• SR-VCC

• VoIP
• SR-VCC
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0
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AMR

GSM
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WCDMA
CS voice
5.9 kbps

HSPA
VoIP/CS
12.2 kbps

HSPA CS
5.9 kbps

LTE VoIP
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Voice Spectral Efficiency Evolution from GSM to 
LTE
• 15 x more users per MHz with 3GPP LTE than with GSM EFR!
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Frequency Variants
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3GPP Supported FDD Frequency Bands
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3410-3500 3510-36002x9022
Japan 1500 ext
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Typical European Spectrum Allocations

800 
(10 MHz) LTE 10 MHz

900 
(10 MHz) GSM 1xHSPA+ GSM

1800 
(15 MHz) GSM LTE 15 MHz

2100 
(15 MHz) 3xHSPA Multicarrier 

HSPA

2600 
(FDD 20 MHz) LTE 20 MHz

Current Future

LTE capacity and 
high data rates

HSPA capacity

LTE capacity

HSPA coverage + 
GSM maintenance

LTE coverage
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First 2.6 GHz Auctions – Norway, Sweden and 
Finland

• Norway (29 M€)
– Telenor 2x40 MHz
– Teliasonera 2x20 MHz
– Hafslund 2x10 MHz
– Craig Wireless 1x50 MHz

• Sweden (225 M€)
– Telenor 2x20 MHz
– Telia 2x20 MHz
– Tele2 2x20 MHz
– HI3G 2x10 MHz
– Intel 1x50 MHz

• Finland (4 M€)
– DNA 2x20 MHz
– Teliasonera 2x25 MHz
– Elisa 2x25 MHz
– Finnet 1x50 MHz
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LTE-Advanced
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LTE-Advanced (LTE-A) in 3GPP Release 10

• ITU has defined schedule for IMT-Advanced (IMT-A) with 
submission deadline October 2009

• Local area data rate up to 1 Gbps and wide area 100 Mbps
• 1st technical 3GPP workshop in April 2008

– Until end of 2008 the clear focus was on LTE Release 8 
– The same multiple access to be used also in LTE-Advanced as in LTE
– 3GPP during 2009 to work with the LTE-Advanced study item, no 

specifications available until end of 2010 (technical report in 2009), 
specification to be frozen approximately 06/2011

2011

3G
PP

2007 2008 2009 2010

1st Workshop Study Item 
Start

Technology 
Submissions

Specification 
Created 

IT
U

-R

Circular 
Letter

Close Study & 
Start Work Item 

Evaluation 
Process

Specification 
Created
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LTE-Advanced Enabling Technologies

Carrier Aggregation

MIMO

Cooperative Systems

Relaying

8x 4x

100 MHz

Smooth 
Evolution
to LTE-A

Full 
Backwards    

compatible
to LTE

Mobility

1st LTE 
field trial
Berlin, 
11/2007

1st LTE-A
Relaying Demo 
Munich, 

12/2008
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Bandwidth Extension

• High peak data rate of 1 Gbps in downlink and 500 Mbps in uplink can be 
achieved with bandwidth extension from 20 MHz up to 100 MHz.

• Backwards compatibility requirements with Release 8 LTE is achieved with 
carrier aggregation

• We combine N Release 8 component carriers, together to form N x LTE 
bandwidth, for example 5 x 20 MHz = 100 MHz etc.

• LTE terminals receive/transmit on one component carrier, whereas LTE-
Advanced terminals may receive/transmit on multiple component carriers 
simultaneously to reach the higher bandwidths.
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Technology Evolution

42-168 
Mbps

1.21-1.91 

bps/Hz/cell

162 dB

HSPA+

150-300 
Mbps

1.7-2.71

bps/Hz/cell

162 dB

LTE

1 Gbps

2.4-3.71

bps/Hz/cell

-

LTE-A targets

14-rx mobile

7-14 Mbps

1.0 
bps/Hz/cell

162 dB

HSPA

70-150x

2-4x

~1x

• Peak bit rate increases by a factor of 100x 
• Spectral efficiency increases by a factor of 3x (=interference limitation)
• No substantial improvements in coverage (=noise limitation)

New radio solution needed in LTE-Advanced to 
improve coverage and capacity 

Peak bit 
rate

Spectral 
efficiency

Coverage 
(1 Mbps)
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Spectral Efficiency Improves but Only Moderately
• Shannon law limits link performance improvements
• Only moderate gain in spectral efficiency
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NSN Position in LTE and Radio R&D
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NSN Position in LTE – Nokia Capital Market Day 
Presentation
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NSN Investment in R&D – Nokia Capital Market 
Day Presentation
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References – LTE for UMTS from Wiley

www.wiley.com

Chapter 2 -
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Chapter 3 – system 
architecture evolution 
(SAE)

Chapter 4 – introduction to 
OFDMA and SC-FDMA

Chapter 5 –
physical layer

Chapter 6 –
protocols Chapter 7 –

mobility
Chapter 8 – radio 
resource 
management

Chapter 10 –
Voice over IP

Mbps, dB

Chapter 9 –
performance

Chapter 11 –
Performance 
requirements

Chapter 13 – HSPA 
evolution

Chapter 12 – LTE TDD
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introduction
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