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LTE – Mobile Broadband

› Developed in 3GPP
– 2005 LTE development started
– 2008 First standard (Rel-8)
– 2009 Commercial operation starts

› Packet-data only (no CS domain)
– Rel-8 up to 300 Mbit/s DL 75 Mbit/s UL in 20 MHz
– Rel-10 up to 3 Gbit/s DL 1.5 Gbit/s UL in 100 MHz
– Low latencies, 5 ms user plane, 50 ms control plane

› FDD and TDD

TTC

CCSA

› Fulfills all IMT-Advanced requirements
LTE Rel-10

LTE Rel-8IMT-A
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Global Convergence

› LTE is the major technology for future mobile broadband
– Convergence of 3GPP and 3GPP2 technology tracks
– Convergence of FDD and TDD into a single technology track

GSM WCDMA HSPA

TD-SCDMA HSPA/TDD
LTE

FDD and TDD

IS-95 cdma2000 EV-DO

D-AMPSD-AMPS

PDCPDC

WiMAX ?

3GPP

3GPP2

IEEE
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LTE network commitments
285 operators in 93 countries

Countries with commercial LTE service (17 networks)
Countries with operators committed to and/or deploying LTESources: GSA (Jan, 2012)



LTE
Technical Overview
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LTE Radio Access Components

FDD and TDD supportBandwidth flexibility

ICIC
data1
data2
data3
data4

Channel-dependent scheduling Hybrid ARQ

OFDM transmission

Multi-antenna support Dual-layer beamforming

MBMS

Positioning

N

S

W
E

Rel-9 Rel-10Rel-8

Basic LTE functionality Enhancements & 
extensions

2008 2009 2010



Public  |  © Ericsson AB 2011  |  2012-02-14  |  Page 7

LTE – One Slide Overview

› OFDM
– DFT precoding in UL to reduce PAR

› Inter-cell interference coordination

› Scheduled transmissions (UL and DL)
– 1 ms subframe structure
– Hybrid ARQ 

› Integral multi-antenna support

data1
data2
data3
data4

Cyclic-prefix
insertionIFFT

Diversity Beam-forming SDMAMIMO
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Spectrum Flexibility 

› Operation in differently-sized spectrum allocations
– Baseband/protocol specifications support anything from 6 to 110 RB (Resource Block, RB=180 kHz)

– RF requirements currently defined for 1.4,  3,  5,  10,  15,  20 MHz

› Support for paired (FDD) and unpaired (TDD) spectrum allocations
– Common solutions economy of scale

UplinkDownlink

fre
quency

time
FDD

fre
quency

time
Half-duplex FDD

(terminal-side only)

fre
quency

time
TDD

10 MHz 15 MHz 20 MHz3 MHz 5 MHz1.4 MHz
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LTE Evolution

FDD and TDD supportBandwidth flexibility

ICIC
data1
data2
data3
data4

Channel-dependent scheduling Hybrid ARQ

OFDM transmission

Carrier Aggregation

Multi-antenna support Dual-layer beamforming Multi-antenna extensions

MBMS

Positioning

N

S

W
E

Relaying

Rel-9 Rel-10Rel-8

Basic LTE functionality Enhancements & 
extensions

Further extensions
IMT-Advanced compliance

2008 2009 2010

HetNet e
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LTE Rel-10 (LTE-Advanced)

› Part of the LTE evolution…
…but timing and scope heavily influenced by IMT-Advanced

› LTE Rel-10 exceeds IMT-Advanced requirements

* Value is for a 4x4 antenna configuration. Value in parentheses for 8x8
** Values is for a 2x2 antenna configuration. Value in parentheses for 4x4

50 ms
4.9 ms

50 ms
4.9 ms

Less than 100ms
Less than 10 ms

Latency
- Control plane
- User plane

16.0 bps/Hz  [30.0 bps/Hz]*
8.1 bps/Hz  [16.1 bps/Hz]**  

16 bps/Hz
4 bps/Hz

15  bps/Hz
6.75 bps/Hz

Peak spectral efficiency
- Downlink
- Uplink

Up to 100 MHzUp to 20 MHzAt least 40 MHzTransmission bandwidth

LTE Rel-10LTE Rel-8IMT-Advanced requirement

LTE Rel-10

LTE Rel-8IMT-A
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Carrier Aggregation

› What is it?
– Multiple component carriers operating in parallel

Frequency band A Frequency band B

Intra-band aggregation,
contiguous component carriers

Frequency band A Frequency band B

Intra-band aggregation,
non-contiguous component carriers

Frequency band A Frequency band B

Inter-band aggregation

› Why?
– Exploitation of fragmented spectrum
– Higher bandwidth higher data rates
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Carrier Aggregation

› Baseband implementation
– Processing per component carrier
– Relatively straightforward, 

Complexity ~ aggregated data rate

1850 1910 1930 1990

Unknown interference

IM from two non-contiguous 
uplinks

Band-select filter
Small separation 

Proc.

HARQ

CA-capable terminal

Non-CA

Proc.

HARQ

Proc.

HARQ

RLC

MAC multiplexing

› RF implementation
– Challenging, especially on the terminal side

› True for any radio-access technology!
– Complexity highly dependent on band combinations
– Insertion loss, harmonics, intermodulation, …
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Where is the spectrum to aggregate?

› Current allocation not aligned with rapid evolution of 3GPP technologies
– > 90% of all contiguous spectrum ≤15 MHz
– 65% of all allocations ≤10 MHz
– 0% of US allocation are ≥20 MHz

› High data rates require large bandwidths
› ‘No’ contiguous wide spectrum inter-band aggregation 
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Enhanced Multi-Antenna Support

› Enhanced downlink spatial multiplexing
– Up to 8 layers spatial multiplexing 30 bps/Hz
– Can be combined with beamforming

› Uplink spatial multiplexing
– Up to 4 layers spatial multiplexing 15 bps/Hz

› Enhanced downlink multi-user MIMO

› …but most important – enhanced reference-signal structure
– Enabling novel multi-antenna structures
– Improved beamforming, heterogeneous deployments, future CoMP arrangements, …
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Enhanced Multi-Antenna Support

› Separation of reference signals for demodulation and feedback
– Different purposes, different requirements different reference signals
– Rel-8 essentially relies on a single reference signal structure for both

› DM-RS for demodulation when transmitting data
– Precoded with data antenna setup transparent to UE
– Overhead scales with number of spatial layers

› CSI-RS for channel-quality reporting periodic but infrequent

• Demodulation • Quality reports
CRS CSI-RS

• Quality reports • Demodulation
DM-RS

LTE Rel-8 LTE Rel-10



Public  |  © Ericsson AB 2011  |  2012-02-14  |  Page 16

Relaying

› Logically an eNodeB as seen from a UE perspective...
– Creates new cells – can serve Rel-8 UEs
– Uses LTE spectrum/air interface for backhaul transport (”self-backhauling”)

 …but physically typically smaller and lower output power than macro

› Main usage scenario
– When fiber/microwave backhaul is more expensive than LTE spectrum

Relay cell

Donor cell

access link

backhaul link
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Relaying

› Inband relaying self interference handling
– Non-simultaneous access-link transmission and backhaul-link reception

› Architecture – donor eNB act as proxy between relay and remaining RAN

X2

S1 S1

Core Network

X2 S1

MME/
S-GW

MME/
S-GW

MME/GW view of “lower” nodes

Relay view of “upper” nodes Proxy
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Heterogeneous Deployments

› What?
– Low power nodes placed throughout a macro-cell layout

› Why?
– Data rates – reduced path loss
– Capacity – ”cell splitting” gains

› How?
– Some examples

Core NetworkCore NetworkCore Network

› Processing at pico
› “Any” backhaul

› Processing at macro
› High-speed backhaul

› Processing at pico
› Backhaul using LTE

“Conventional” pico Remote Radio Unit Relay
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Heterogeneous Deployments

› Heterogeneous deployments – which node to connect to?
– Traditionally UEs connected to the node with the best downlink (best RSRP)

› Range expansion – increasing pico node uptake area (RSRP+offset)
– Data rates – lower path loss
– Capacity – offloading
– How to ensure reception of control signaling from pico in range expansion zone?

Rx power(path loss) -1

Range expansion area

› Deployment philosophy, not a technology component
– Possible in Rel-8
– Rel-10 provides tools for partial support of excessive range expansion
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Heterogeneous Deployments

› Modest range expansion
› Existing Rel-8 functionality

› Macro almost silent reduced interference 
in range expansion zone

› Excessive range expansion
› Not transparent to UEs – Rel-11 functionality

› RRUs connected to macro
› Distributed antenna placement
› Any range expansion
› Transparent to UEs

Baseline

Resource partitioning

Shared Cell



Public  |  © Ericsson AB 2011  |  2012-02-14  |  Page 21

LTE Evolution

Futureel-10

r extensions
ced compliance

Rel-11

2012

Beyond
IMT-Advanced

…

CoMP

M2M enhancements

Refinements of 
existing features

++++

Additional band combinations

SoftCell
HetNet enhancements
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LTE Evolution – CoMP

› Numerous schemes under discussion…

Coordinated Scheduling

Coordination

Coordinated Beamforming

Coordination
Dynamic Point Selection

Dynamicswitching

Joint Transmission

Simultaneoustransmission

› Different deployment scenarios investigated…

› Challenge – robustness

coordination

coordination coordination

coordination

coordination coordination

coordinationcoordination

Intra-site coordination Inter-site coordination

coordination

Heterogeneous deployment
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LTE Evolution – Soft Cell
› Pico nodes part of an overlaid macro cell

– Macro – basic coverage (sysinfo, data, control)
– Pico – enhanced capacity and data rates (data and control only)

› Pico node ‘on’ in essence only when transmitting user data
– Improves energy efficiency, reduces interference

› Dynamic and light-weight selection of pico node
– Robustness

System information

Zzzz…

Tight inter-layer 
coordination

Energy-efficient pico layer 
Pico node active only when transmitting data
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LTE Evolution – Further Examples

› Enhancements of existing features
– Additional band combinations
– Carrier aggregation enhancements
– Receiver improvements
– …

› Machine-type communication
– Number of connections, low-cost terminals, …

› Flexible TDD allocations
– Adapt to traffic variations [in small cells]

DL heavy UL heavy Empty of traffic



Future Radio Access

The following slides contain forward-looking statements which may or may not materialize
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Long-term Vision of the future

A world with unlimited access to information 
and sharing of data available anywhere

and anytime to anyone and anything

Provide wireless technology that will enable
this future in an affordable and sustainable way
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Challenges for the future

Massive growth in
Connected Devices

Massive growth in
Traffic Volume

Wide range of
Requirements & 

Use Cases

“50 billion devices”
in 2020

Massive amount of 
communicating machines

“1000x” in ten years

Further expansion of 
mobile broadband
Additional users and 

increased usage
+

New types of devices
(“communicating machines”)

Multi-Gbps in specific 
scenarios

Tens of Mbps 
“almost everywhere”

New requirements 
and use cases due to 

communicating machines

Affordable and sustainable
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Energy Efficiency

› Important for existing as well as future radio access
– Largely implementation issue
– Minimize transmission of always-on signals

Operating cost New deployment possibilities Market/political aspects
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Machine-type communication

› Some applications served well by cellular
› Some may be better served by other means

Smart metering Smart grids

Consumer Electronics

Smart Transportation

eHealth Navigation

Surveillance ePayment Security

› Very different characteristics/requirements
– Very low cost ... but not always
– Very low latency ... but not always
– Very high reliability ... but not always
– Very small amount of data ... but not always
– Very low energy consumption ... but not always
– ...
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New Spectrum Scenarios

› Bandwidth of several 100 MHz needed for multi-Gbps transmission
– Hard to envision operator-dedicated spectrum of several 100 MHz

› Complementary use of alternative spectrum?
– Unlicensed spectrum, secondary spectrum usage, spectrum sharing, …

› Usage of very high frequency bands?
– Lots of spectrum available Extreme capacity and data rates
– Small wave length Possibility for massive antenna solutions

300 MHz 3 GHz 30 GHz 300 GHz

Current spectrum range
“millimeter band”
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Ultra-dense deployments

› Order-of-magnitudes more dense than most-dense networks of today

› Locally, infra-structure density of the same order or higher than device density

› Indoor or very-dense outdoor environments

› Extreme data rates and traffic capacity

› Minimized energy consumption

› Very-low-cost deployment/maintenance

› Availability of very dense and flexible backhaul
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Device-to-device communication

› Discovery of and direct communication with peer devices
– User terminals, machines, cars, ...
– For enhanced service quality and to off-load cellular network
– To enable communication when cellular network not available

› D2D communication as integrated part of a cellular network 
– D2D link partly under network control – network-assisted D2D
– Enhanced quality and possibility to operate in operator/licensed spectrum

D2D link under 
network control

Offloading Coverage extension New applications
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What is Future Radio Access?

› LTE will continue to evolve 
– Inter-site coordination, heterogeneous networks, energy efficiency, …
– No reason to radically deviate from LTE track
– LTE capable of handling massive increase in capacity

› New applications and scenarios
not supported sufficiently well by the LTE evolution

complementary radio-access technologies

EDGEGSM WCDMA LTEHSPAWCDMA

FRA?New RAT

FRA

LTE++
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Future radio access

A range of radio-access solutions enabling anytime/anywhere
access to information, sharing of data, and machine communication 

Machines that communicate

Super-dense
deployments

Device-to-device
communication

Multi-hop

Wireless 
backhaul

Vehicular communication
(safety, traffic info. etc.) 

Wikipedia

Download zones

UU

Conventional heterogeneous
cellular access
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Summary

› LTE is the global technology for future mobile broadband
– Convergence of 3GPP/3GPP2 tracks, of FDD/TDD technologies
– Evolution; carrier aggregation, relaying, HetNet, CoMP, energy efficiency, …
– Expanding into new usage scenarios and applications

› New radio access solutions
– Complementing LTE in new scenarios/applications 

not supported sufficiently well by LTE

EDGEGSM WCDMA LTEHSPAWCDMA

FRA?New RAT

FRA

LTE++
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For Further information…

...or read The Book!

Open the 3GPP specifications...




