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Previous Agilent LTE webcasts

Concepts of 3GPP LTE 

TechOnline , September 20, 2007 

This webcast will cover what LTE is, where it came from and provide 

context against the other 3.9G technologies such as HSPA+ and 

WiMAXTM. There will be a brief introduction to the new OFDM air 

interface as well as the complimentary changes being planned for the 

network system architecture evolution or SAE. 

Addressing the Design & Verification Challenges of 3GPP LTE

TechOnline , October 02, 2007 

This webcast will investigate system design and verification challenges of 

3GPP LTE and show how Agilentôs new design simulation capabilities 

can help. 

http://www.techonline.com/learning/webinar/201801263?queryText=agilent+lte
http://www.techonline.com/learning/webinar/201802528?queryText=agilent+lte
http://www.techonline.com/learning/webinar/201802528?queryText=agilent+lte
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3GPP standards evolution (RAN & GERAN)

1999

2009

Release Commercial 

introduction

Main feature of Release

Rel-99 2003 Basic 3.84 Mcps W-CDMA (FDD & TDD)

Rel-4 Trials 1.28 Mcps TDD (aka TD-SCDMA)

Rel-5 2006 HSDPA

Rel-6 2007 HSUPA (E-DCH)

Rel-7 2008+ HSPA+ (64QAM DL, MIMO, 16QAM UL). 

Many smaller features plus 

LTE & SAE Study items

Rel-8 HSPA+ 2009

LTE 2010+

LTE Work itemïOFDMA air interface

SAE Work item New IP core network

Edge Evolution, more HSPA+

Rel-9 2011 ï2014 LTE Evolved MBMS, IMT-Advanced (4G)
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LTE timeline for 3GPP, GCF & LSTI

2005 2006 2007 2008 2009 2010

Rel-7 Study Phase

Rel-8 Work Phase

Test Specs

Core specs 

drafted

ÅLSTI = LTE/SAE Trial initiative - an industry consortium which aims to 
accelerate the commercial introduction of LTE
ÅAgilent are active members of 3GPP, GCF and LSTI

1st Test 

Specs 

drafted

Commercial

release?

Proof of concept

GCF certification

Interoperability

Field trials
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Nov 04 LTE High level requirements

¶Reduced cost per bit

¶More lower cost services 
with better user 
experience

¶ Flexible use of new and 
existing frequency bands

¶Simplified lower cost network with open 
interfaces

¶Reduced terminal complexity and 
reasonable power consumption

Optimized: 0 ð15 km/h

High performance: 15 -
120 km/h

Functional: 120 ð350 km/h

Under consideration: 
350ð500 km/h

SPEED!

Spectral Efficiency

3- 4x HSDPA (downlink)

2- 3x HSUPA (uplink)

Latency

Idle Č active < 100 ms

Small packets < 5 ms

Downlink peak data rates

(64QAM)

Antenna 

config
SISO

2x2 

MIMO

4x4 

MIMO

Peak data 

rate Mbps
100 172.8 326.4

Uplink peak data rates

(Single antenna)

Modulation QPSK
16

QAM

64

QAM

Peak data 

rate Mbps
50 57.6 86.4

MHz

1.4

3

5

10

15

20

Mobility

Multiple Input Multiple Output

MIMO

LTE at a glance!
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Single user MIMO

ÅThis is an example of downlink 2x2 single user MIMO with precoding. 

ÅTwo data streams are mixed (precoded) to best match the channel 

conditions.

ÅThe receiver reconstructs the original streams resulting in increased 

single-user data rates and corresponding increase in cell capacity. 

Å2x2 SU-MIMO is mandatory for the downlink and optional for the uplink

SU-MIMO

eNB 1 UE 1

Ɇ Ɇ

= data stream 1

= data stream 2
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Multiple user MIMO

UE 2

UE 1

eNB 1

MU-MIMO

Ɇ

ÅExample of uplink 2x2 MU-MIMO.

ÅIn multiple user MIMO the data streams come from different UE.

ÅThere is no possibility to do precoding since the UE are not connected but 

the wider TX antenna spacing gives better de-correlation in the channel.

ÅCell capacity increases but not the single user data rate.

ÅThe key advantage of MU-MIMO over SU-MIMO is that the cell capacity 

increase can be had without the increased cost and battery drain of two 

UE transmitters.

ÅMU-MIMO is more complicated to schedule than SU-MIMO

= data stream 1

= data stream 2
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UE categories

ÅIn order to scale the development of equipment, UE categories have 

been defined to limit certain parameters

ÅThe most significant parameter is the supported data rates:

UE 

Category

Max downlink 

data rate

Number of DL 

transmit data streams

Max uplink 

data rate

Support for uplink 

64QAM

1 10 Mbps 1 5 Mbps No

2 50 Mbps 2 25 Mbps Not yet decided

3 100 Mbps 2 50 Mbps Not yet decided

4 150 Mbps Not yet decided 50 Mbps Not yet decided

5 300 Mbps 4 75 Mbps Yes

All figures provisional from TS 36.306 V8.0.0.

The UE category must be the same for downlink and uplink
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LTE documents from the study phase (Rel-7)

The latest study phase technical documents can be found at:

Åwww.3gpp.org/ftp/Specs/html-info/25-series.htm

Å23.882 System Architecture Evolution

Å25.912 Feasibility study for Evolved UTRA and UTRAN

Å25.913 Requirements for Evolved UTRA (E-UTRA) and Evolved UTRAN 

(E-UTRAN)

Å25.813 Radio interface protocol aspects

Å25.814 Physical Layer Aspects for Evolved UTRA

Most of these are no longer being kept up to date now the 

work has transferred to the 36-series (Rel-8) specifications

However these document still provide a useful overview that 

may be difficult to find in the formal specifications

http://www.3gpp.org/ftp/Specs/html-info/25-series.htm
http://www.3gpp.org/ftp/Specs/html-info/25-series.htm
http://www.3gpp.org/ftp/Specs/html-info/25-series.htm
http://www.3gpp.org/ftp/Specs/html-info/25-series.htm
http://www.3gpp.org/ftp/Specs/html-info/25-series.htm
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LTE 3GPP Specifications (Rel-8)

ÅAfter the LTE study phase in Rel-7, the LTE specifications are defined in 

the 36-series documents of Rel-8

ÅThere are six major groups of documents

Å36.8XX & 36.9XX Technical reports (background information)

Å36.1XX Radio specifications (and eNB conformance testing)

Å36.2XX Layer 1 baseband

Å36.3XX Layer 2/3 air interface signalling

Å36.4XX Network signalling

Å36.5XX UE Conformance Testing*

ÅThe latest versions of most of the documents can be found at

www.3gpp.org/ftp/Specs/html-info/36-series.htm

ÅThe 36.5XX documents are not yet under change control and are at

ftp://ftp.3gpp.org/tsg_ran/WG5_Test_ex-T1/Working_documents/

* Agilent leads the 3GPP work item for LTE UE RF conformance testing and is editor of TS 

36.521-1 (similar in scope to 34.121-1 for UMTS).

http://www.3gpp.org/ftp/Specs/html-info/36-series.htm
http://www.3gpp.org/ftp/Specs/html-info/36-series.htm
http://www.3gpp.org/ftp/Specs/html-info/36-series.htm
http://www.3gpp.org/ftp/Specs/html-info/36-series.htm
http://www.3gpp.org/ftp/Specs/html-info/36-series.htm
ftp://ftp.3gpp.org/tsg_ran/WG5_Test_ex-T1/Working_documents/
ftp://ftp.3gpp.org/tsg_ran/WG5_Test_ex-T1/Working_documents/
ftp://ftp.3gpp.org/tsg_ran/WG5_Test_ex-T1/Working_documents/
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Orthogonal Frequency Division Multiplexing

The basis for LTEôs downlink transmission

ÅOFDM is already widely used in non-cellular technologies and was 

considered by ETSI for UMTS in 1998

ÅCDMA was favoured since OFDM requires large amounts of baseband 

processing which was not commercially viable ten years ago

ÅOFDM advantages

ÅWide channels are more resistant to fading and OFDM equalizers are much 

simpler to implement than CDMA

ÅAlmost completely resistant to multi-path due to very long symbols

ÅIdeally suited to MIMO due to easy matching of transmit signals to the 

uncorrelated RF channels

ÅOFDM disadvantages

ÅSensitive to frequency errors and phase noise due to close subcarrier spacing 

ÅSensitive to Doppler shift which creates interference between subcarriers

ÅPure OFDM creates high PAR which is why SC-FDMA is used on UL

ÅMore complex than CDMA for handling inter-cell interference at cell edge
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OFDM and multipath resistance

ÅMultipath causes multiple copies of the transmitted signal to be received.  

Each copy is at a fixed time offset but at random amplitude and phase.

ÅIf multipath copies from adjacent symbols arrive at the receiver at the 

same time this creates inter-symbol interference and loss of performance 
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OFDM and multipath resistance
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The received 

signal is only 

pure after the last 

ray arrives and 

before the first 

ray disappears

This reduces the 

useful symbol 

length by 15% 

being the 

difference in path 

delay ïalso 

known as the 

delay spread

Delay
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OFDM and multipath resistance 

Adding the cyclic prefix (CP)

ÅThe useful symbol length can be restored by extending the length of each 

symbol by copying the end of the symbol to the start (cyclic prefix)

ÅProvided the length of this cyclic prefix is at least as long as the 

significant multipath then the receiver can sample the signal from the start 

of the cyclic prefix and completely avoid interference from the adjacent 

symbols at the expense of a proportional decrease in system capacity
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Cyclic Prefix provides multipath protection
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In this example the 

CP is 20% of the 

symbol and since the 

delay spread was 

only15% the symbol is 
received cleanly from 

-0.05 to 1.

In LTE the normal CP 

is 4.69 ɛs for a 

66.7 ɛs symbol length 

This is a 7% sacrifice 

of capacity to provide 
multipath protection 

up to a 1.4 km delay 

spread.

An extended CP up to 

33.3 ɛs (10 km) exists 

with lower capacity 
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OFDM vs. OFDMA

ÅLTE uses OFDMA which is a more advanced form of OFDM where 

subcarriers can be allocated to different users over time

ÅThis provides much-needed frequency diversity in cases where the data 

rate is low meaning a narrow frequency allocation which is susceptible to 

narrow-band fading
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Single Carrier FDMA:

The LTE uplink transmission scheme 

ÅSC-FDMA is a new concept in 

transmission and it is important to 

understand how it works

ÅWhen a new concept comes along no 

single explanation will work for everyone

ÅTo help put SC-FDMA in context we will 

use six different ways of explaining what 

SCFDMA is all about

ÅIn summary: SC-FDMA is a hybrid

transmission scheme combining the low 

peak to average (PAR) of  single carrier 

schemes with the frequency allocation 

flexibility and multipath protection 

provided by OFDMA



Concepts of 3GPP LTE

9 Oct 2007
Page 23

SC-FDMA ïthe new LTE uplink explained

Moray Rumney 
Page 23 20 March 2008

1. Explaining SC-FDMA
ÅThe first explanation of SC-FDMA comes from the LTE physical layer 

ñstudy phaseò report (3GPP TR 25.814) which had the following diagram:

ÅColour coding has been added here to show the change from time to 

frequency and back again. This diagram is not in the final specifications.

ÅThe processing steps explain why SC-FDMA is sometimes described in 

the specs as Discrete Fourier Transform Spread OFDM (DFT-SOFDM)

TR 25.814 Figure 9.1.1-1 Transmitter structure for SC-FDMA.
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2. Explaining SC-FDMA
ÅThe three key processing steps shown in 25.814 are formally defined in 

the physical layer specification 36.211 v8.1.0 as:

ÅAlthough essential for detailed design, formal definitions like these do not 

provide insight to most people of the underlying concepts
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3. Comparing OFDMA and SC-FDMA

QPSK example using M=4 subcarriers
The following graphs show how a 

sequence of eight QPSK symbols is 

represented in frequency and time

15 kHz
Frequency

fc

V

CP

OFDMA
Data symbols occupy 15 kHz for 

one OFDMA symbol period

SC-FDMA
Data symbols occupy M*15 kHz for

1/M SC-FDMA symbol periods

60 kHz Frequency
fc

V

CP

1, 1 -1,-1 -1, 1 1, -1 1,1 1, -1 -1,1 -1,-1 

1,1-1,1

1,-1-1,-1

I

Q Time
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OFDMA signal generation

QPSK example using M=4 subcarriers

1,1 +45°

-1,-1 +225°

-1,1 +135°

1,-1 +315°

f0

(F cycles)

f0 + 15 kHz
(F+1 cycles)

f0 + 30 kHz
(F+2 cycles)

f0 + 45 kHz
(F+3 cycles)

One OFDMA symbol period

é

é

é

é

Each of M subcarriers is 

encoded with one QPSK 
symbol

M subcarriers can 
transmit M QPSK 
symbols in parallel

One symbol period

The amplitude of the combined four 

subcarrier signal varies widely depending 
on the symbol data being transmitted

With many 

subcarriers the 
waveform 
becomes 

Gaussian not 
sinusoidal

Null created by transmitting 

four different symbols

1,1-1,1

1,-1-1,-1

I

Q

Peak created by transmitting 

four identical symbols
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SC-FDMA signal generation

QPSK example using M=4 subcarriers

To transmit the sequence:

1, 1   -1,-1   -1, 1    1,-1

using SC-FDMA first create a 

time domain representation 
of the IQ baseband sequence 

+1

-1

V(Q)

One SC-FDMA 

symbol period

+1

-1

V(I)

One SC-FDMA 

symbol period

Perform a DFT of length M 

and sample rate M/(symbol 
period) to create M FFT bins 
spaced by 15 kHz

V,ū

Frequency

Shift the M subcarriers 

to the desired 
allocation within the 
system bandwidth

V,ū

Frequency

Perform an IFFT to create a 

time domain signal of the 
frequency shifted original

Insert the cyclic prefix 

between SC-FDMA 
symbols and transmit

Important Note: The PAR 

is the same as the original 
QPSK data symbols
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1,-1-1,-1
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Map data to 

constellation

Generate 

time domain

waveformM data

bits in

Perform 

M-point DFT 

(time to freq)

Map 

symbols to 

sub-carriers

Perform 

N-point IFFT

N > M

Upconvert 

and transmit

De-map 

constellation 

to data

Generate 

constellation

Perform 

M-point IDFT

(freq to time)

De-map sub-

carriers to 

symbols

Perform 

N-point DFT

N > M

Receive and 

downconvert

Time domain Time domainFrequency domain

M data

bits out

Simplified model of SC-FDMA and OFDMA signal generation and reception

Unique to SC-FDMA Common with OFDMA

4. SC-FDMA and OFDMA signal generation and 

reception
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5. Comparing OFDMA and SC-FDMA

PAR and constellation analysis at different BW

15 kHz
Frequency

fc

V

CP

Transmission scheme OFDMA SC-FDMA

Analysis bandwidth 15 kHz
Signal BW

(M x 15 kHz)
15 kHz

Signal BW
(M x 15 kHz)

Peak to average power 
ratio (PAR)

Same as data
symbol

High PAR 
(Gaussian)

< data symbol 
(not meaningful)

Same as data symbol

Observable IQ 
constellation

Same as data symbol at 
66.7 ɛsrate

Not meaningful 
(Gaussian)

< data symbol 
(not meaningful)

. Same as data symbol at 
M X 66.7 µs rate

60 kHz Frequency

V

CP
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6. Comparing OFDMA and SC-FDMA

Multipath protection with short data symbols

15 kHz
Frequency

fc

V

CP

OFDMA
Data symbols occupy 15 kHz for 

one OFDMA symbol period

SC-FDMA
Data symbols occupy M*15 kHz for 

1/M SC-FDMA symbol periods

60 kHz Frequency
fc

V

CP

The subcarriers of each SC-FDMA symbol are not the same across frequency as shown in 

earlier graphs but have their own fixed amplitude & phase for the SC-FDMA symbol duration. 

The sum of M time-invariant subcarriers represents the M time-varying data symbols.

It is the constant nature of the subcarriers throughout 

the SC-FDMA symbol that means when the CP is 

inserted, multipath protection is achieved despite the 

modulating data symbols being much shorter.
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Uplink slot structure, resource block and 

resource element

:

:

Resource element

(k, l)

L = 0 L =          ï1

Condition

Normal

cyclic prefix
12 7

Extended

cyclic prefix
12 6

The minimum allocation for 

transmission is known as a 

Resource Block (RB)

An RB lasts 0.5 ms and 

occupies180 kHz

This is 12 subcarriers at the 

standard 15 kHz spacing

RB

scN subcarriers

UL

RBN RB

scNx         subcarriers

Resource block

x UL

symbN
RB

scN

SC-FDMA symbols
UL

symbN

One uplink slot, Tslot

RB

scN
UL
sy mbN

UL
sy mbN
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Uplink physical signals and channels

UL Signals Purpose Modulation Sequence Physical Mapping

DM-RS 

(Demodulation 

Reference Signal)

Used for 

synchronization to 

the UE and UL 

channel estimation

Associated with a 

transport channel

uth root Zadoff-Chu SC-FDMA symbol #3 of 

every slot

UL Channels Purpose Modulation Scheme Physical Mapping

PRACH

(Physical Random 

Access Channel)

Call setup QPSK Not yet defined

PUCCH

(Physical Uplink 

Control Channel)

Scheduling, 

ACK/NACK

BPSK & QPSK Any assigned RB but not 

simultaneous with 

PUSCH

PUSCH

(Physical Uplink 

Shared Channel)

Payload QPSK, 16QAM, 

64QAM

Any assigned RB but not 

simultaneous with 

PUCCH
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#0 #1 #8#2 #3 #4 #5 #6 #7 #9 #10 #11 #12 #19#13 #14 #15 #16 #17 #18

10 2 3 4 5 6 10 2 3 4 5 6

PUSCH - Physical Uplink shared Channel

Reference Signal ï(Demodulation)

OFDM symbols (= 7 OFDM symbols @ Normal CP)

The Cyclic Prefix is created by prepending each

symbol with a copy of the end of the symbol

160 2048 144 2048 144 2048 144 2048 144 2048 144 2048 144 2048 (x Ts)

1 slot
= 15360 Ts
= 0.5 ms

0 1 2 3 4 5 6

etc.

CP CP CP CP CPCPCP

DL

symbN

1 sub-frame
= 2 slots
= 1 ms

1 frame
= 10 sub-frames
= 10 ms

Ts = 1/(15000 x 2048) = 32.6 ns 

Uplink frame structure type 1 (FDD)

PUSCH mapping
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10 2 3 4 5 6 10 2 3 4 5 6

OFDM symbols (= 7 OFDM symbols @ Normal CP)

The Cyclic Prefix is created by prepending each

symbol with a copy of the end of the symbol

160 2048 144 2048 144 2048 144 2048 144 2048 144 2048 144 2048 (x Ts)

1 slot
= 15360 Ts
= 0.5 ms

0 1 2 3 4 5 6

etc.

CP CP CP CP CPCPCP

DL

symbN

1 sub-frame
= 2 slots
= 1 ms

1 frame
= 10 sub-frames
= 10 ms

Ts = 1/(15000 x 2048) = 32.6 ns 

#0 #1 #8#2 #3 #4 #5 #6 #7 #9 #10 #11 #12 #19#13 #14 #15 #16 #17 #18

Å Å Å Å Å Å Å Å Å Å

PUCCH - Physical Uplink Control Channel

Demodulation Reference Signal for PUCCH

(PUCCH format 0/1, Normal CP)

Uplink frame structure type 1 (FDD)

PUCCH mapping
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PUSCH

Demodulation Reference Signal

(for PUSCH)

PUCCH

Demodulation Reference Signal

for PUCCH format 0 & 1

64QAM

16QAM
or QPSK

64QAM16QAM QPSK Rotated

QPSK

Uplink mapping

Zadoff-Chu
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PUSCH

Uplink frame structure analysis- 16QAM PUSCH

PUSCH - Primary Uplink shared Channel

Reference Signal ï(Demodulation)

10 2 3 4 5 6 10 2 3 4 5 6

Slot #0 Symbol #0
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DMRS

Uplink frame structure analysis - DMRS

PUSCH - Primary Uplink shared Channel

Reference Signal ï(Demodulation)

10 2 3 4 5 6 10 2 3 4 5 6

Slot #0 Symbol #3
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ÅLTE downlink and uplink transmission schemes
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ÅAgilent LTE measurement solutions overview
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SC-FDMA signal analysis using Agilent 89601A
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Frequency allocation and in-band emissions

LO leakage 

around -39 dBc 

caused by IQ 

impairments

Approx -30 dBc 

in-band spurious 

emissions at the 

image subcarrier 

frequencies 

created using a 

0.5 dB IQ gain 

imbalance

300 allocated 

subcarriers

= 25 RB

= 4.8 MHz
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Blind detection of signal composition

The analyzer 

has auto-

detected two 

signals: a 

demodulation 

reference 

signal with 

Zadoff-chu 

sequence and 

a 16QAM data 

channel

EVM 

summaries of 

both are 

provided
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Modulation analysis

16QAM data plus CAZAC Reference Signal

The 16QAM data 

channel

The reference 

signal (pilot) 

In this example 

there is a 1 dB RS 

power boost to 

distinguish the RS 

from the 16QAM 

data constellation



Concepts of 3GPP LTE

9 Oct 2007
Page 44

SC-FDMA ïthe new LTE uplink explained

Moray Rumney 
Page 44 20 March 2008

DM-RS modulation

ÅThe unity circle produced by the DM-RS may look random but is the result 

of phase modulating each successive subcarrier to create a constant 

amplitude zero auto-correlation (CAZAC) sequence

ÅThere are 30 different sequences defined providing orthogonality between 

users 

ÅThe sequence follows a Zadoff-chu progression

where        is the first prime number less than the required number of 

subcarriers, and m is the subcarrier number of the qth sequence 

ÅFor allocations less than 3 resource blocks (36 subcarriers) it is not 

possible to use a zadoff-chu sequence so the RS are modulated with a 

simpler computer-generated QPSK sequence of length 12 or 24

() 10, RS
ZC

)1(
RS
ZC -¢¢=

+
-

Nmemx
N

mqm
j

q

p

RS
ZCN
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Modulation accuracy summary

A detailed 

modulation 

accuracy  

analysis by RS 

and data

The data EVM 

is much higher 

than the RS 

EVM due to a 

deliberate 0.1 

dB gain boost 

which was then 

ignored to 

create data-

specific EVM
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EVM by subcarrier

The instantaneous 

EVM of the allocated 

subcarriers is shown 

in brown and the 

average over the 

measurement interval 

is in white.

EVM for the LO feed 

through and non-

allocated subcarriers 

is measureable but 

these impairments 

are specified 

separately from EVM


