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Agenda

* Introduction to LTE
- Major features and requirements
- Frequency bands
- Channel bandwidths
- OFDM/OFDMA/SCFDMA
- Structure — frame, slots, resource blocks & elements
- Physical signals and channels

 Transmitter & Receiver Test Fundamentals

« LTE-Advanced Topics
- Carrier Aggregation
- MIMO
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LTE Major Features

Feature Capability

Access modes FDD & TDD
Channel BW 1.4 MHz 3MHz |5MHz |10 MHz |15 MHz | 20 MHz
1RB =12 subcarriers =180 kHz | 5 pp 15 RB 25RB |[50RB |75RB |100RB

Transmission Scheme

Downlink: OFDMA (Orthogonal Frequency Division Multiple Access)
Uplink: SC-FDMA (Single Carrier Frequency Division Multiple Access

Modulation Formats

QPSK, 16QAM, 64QAM

MIMO Technology

Downlink: Tx diversity, Rx diversity, Single-User MIMO (up to 4x4),

beamforming

Uplink: Multi-User MIMO

Peak Data Rates

Downlink: 300 Mbps (4x4 MIMO, 20 MHz, 64QAM)
75 Mbps ( 20 MHz BW, 64QAM)

Uplink:

Bearer services

Packet only — no circuit switched voice or data services are

supported =» voice must use VolP

Transmission Time
Interval (TTI)

1 ms
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LTE FDD Frequency bands (36.101 table 5.5-1)

Band Uplink MHz Downlink MHz Width  Duplex Gap Duplex spacing

1 1920 1980 2110 2170 60 190 130 . -

1850 1910 1930 1990 60 80 20 hidth Nidth

3 1710 1785 1805 1880 75 95 20 Ga Downlink

4 1710 1755 2110 2155 45 400 355 Band

5 824 849 869 894 25 45 20 >

6 830 840 865 875- 10 35 25 Frequency

N e B T =>——— * There is alot of overlap between

5 17299 17849 | 18449 18799 35 95 60 band definitions for regional reasons
10 1710 1770 2110 2170 60 400 340

11 1427.9 1447.9 1475.9 1495.9 20 48 28 . .

5 598 16 — 26 18 20 » | * The Duplex spacing varies from

13 777 787 746 756 10 31 21 30 MHz to 799 MHz

14 788 798 758 768 10 -30 20 : :
— S500 530 o0 ~30 0 " 01 ° Thg gap between downlink and uplink
16* 2010 2025 2585 2600 15 575 560 varies from 10 MHz to 680 MHz

17 704 716 734 746 12 30 18

1 815 830 860 875 30 .o

12 530 e 75 390 i 3? 2o | * Bands 15 and 16 are specified by
20 832 862 791 821 30 41 11 ETSI only for use in Europe

21 1447.9 1462.9 1495.9 1510.9 15 48 33

22 3410 3490 3510 3590 80 100 20

23 2000 2020 2180 2200 20 180 160

24 1626.5 1660.5 1525 1559 34 -101.5 67.5

25 1850 1915 1930 1995 65 80 15

26 814 849 859 894 35 45 10

27 807 824 852 869 17 45 28

28 703 748 758 803 45 55 10

Aerospace & Defense Symposium
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LTE TDD Frequency bands

Band Uplink MHz Downlink MHz  Width

33 1900 1920 1900 1920 20
34 2010 2025 2010 2025 15
35 1850 1910 1850 1910 60
36 1930 1990 1930 1990 60

Width

37 1910 1930 1910 1930 20 ¢ »
Transceive

38 2570 2620 2570 2620 50

39 1880 1920 1880 1920 40 Frequency >

40 2300 2400 2300 2400 100
41 2496 2690 2496 2690 194
42 3400 3600 3400 3600 200
43 3600 3800 3600 3800 200
44 703 803 703 803 100
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Channel Bandwidths

Channel bandwidth [MHZz]

v Transmission bandwidth configuration [RB] S
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Heliveresantee blocks - - = Center subcarrier (corresponds to DC in

baseband) is not transmitted in downlink

Transmission bandwidth 1.06 13.5
configuration (MHz)

Transmission bandwidth 6 15 25 50 75 100
configuration (RB)
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Orthogonal Frequency Division Multi

Ieg

5 MHz Bandwidth

FKT |< Sub-carriers >|

Guard Intervals

Symbols
Frequency

Frequency-Time Representation
of an OFDM Signal

. NYYse NYY's
Time

OFDM is a digital multi-carrier modulation scheme
 large number of closely-spaced orthogonal sub-carriers

 sub-carriers modulated with a conventional modulation format (e.g. QPSK, 16/64QAM)

. I;)w gy[r&?ﬁl rate similar to conventional single-carrier modulation schemes in the same
andwidth.
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Spectrum of single modulated OFDM subcarrier

The Spectrum of a Complex Tone Pulse is a Sinc or sin(x)/x with Zeros at

Multiples of Fpo=1/T,
A
Power
For LTE Fp= 15 kHz,
Symbol rate = 66.7 uS

A~/ \ /ANERYN S
Frequency

%p-w OVPB
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Spectrum of multiple OFDM subcarriers

NI

IS SANS

OFDM Operates as a Number of Orthogonal (Non-Interfering) Narrowband Systems

-Carrier spacing creates orthogonality. ~ *Phase noise, timing and frequency offsets
decrease orthogonality.
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. il B A A TEm. AV <O 4T
OFDMA

LTE uses OFDMA (Orthogonal Frequency Division Multiple Access)

 more advanced form of OFDM where subcarriers are allocated to different users
over time

N —
- 8 a‘
) c
- O
5 =
£ 3
User 2 — "\3
£ I3
@© =
7 £
? ; 7y _ >
Symbol (time) Symbol (time)
User allocation in User allocation in time and
time domain only frequency domain
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Orthogonal Frequency Division Multiplexing

OFDM advantages
* Multiple subcarriers allows
- Scalable channel bandwidth
- Frequency selective scheduling within the channel
« Wide channels are possible which support higher data rates
* Resistance to multi-path due to very long symbols

OFDM disadvantages

* Sensitive to frequency errors and phase noise due to close subcarrier spacing
* Sensitive to Doppler shift which creates interference between subcarriers
 Pure OFDM creates high PAR which is why SC-FDMA is used on UL

Aerospace & Defense Symposium
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Single Carrier FDMA:
The new LTE uplink transmission scheme

SC-FDMA is a hybrid transmission scheme:
* low peak to average (PAR) of single carrier schemes

« frequency allocation flexibility and multipath protection of OFDMA

Time domain Frequency domain Time domain

—
Coded symbol rate= R !
|
|
I . |

Sub-carrier | CP
............ |
> » DFT ' Mapping ; IFFT ™ insertion ’

—— —> |
Nrx symbols :
I

—>

Size-Ntx Size-Nger

Aerospace & Defense Symposium
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Comparing OFDMA and SC-FDMA
QPSK example using M=4 subcarriers

. . -1’ 1 1’ -1 . . 1, -1 -1’ 1

>

Q
ol ° 0.

! Sequence of QPSK data symbols to be
traggsmitted

mE |

QPSK modulatin

data symbol s
Vv A
< N
%C?;“Qo
f ’ Frequency 60 kHz ~ —» Frequency '
15 kHz
Cc
OFDMA SC-FDMA
Data symbols occupy 15 kHz for Data symbols occupy M*15 kHz for
one OFDMA symbol period 1/M SC-FDMA symbol periods

Aerospace & Defense Symposium
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OFDMA modulation
QPSK example using M=4 subcarriers

Each of M subcarriers
iIs encoded with one
QPSK symbol

M subcarriers can
transmit M QPSK
symbols in parallel

One OFDMA symbol period

-111 +1350 \/\/\/\
1-1+315° /\/\/\/\

One OFDMA symbol periodé

<4 »

With many subcarriers
the I and Q waveforms
become Gaussian

1
A

L

A

Anticipate __Accelerate __Achieve
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f,+ 15 kHz

(1 baseband cycle)

fo + 30 kHz

(2 baseband cycles)

f, + 45 kHz

(3 baseband cycles)

fo + 60 kHz

(4 baseband cycles)

Aerospace & Defense Symposium
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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

create a time domain
representation of the IQ
baseband sequence

Perform a DFT of length M
and sample rate M/(symbol

period) to create M FFT bins

spaced by 15 kHz

Perform an IFFT to create a
time domain signal of the
frequency shifted original

Anticipate __Accelerate __Achieve

\Y
-1.1 N ‘- +1

(1)

V,
Shift the M subcarriers

P
<«

\_J

»
>

One SC-FDMA
symbol period

to the desired

T I allocation within the
T _ system bandwidth

Frequency

Insert the cyclic prefix
between SC-FDMA
symbols and transmit

Y(

A

A AN AR

S UL

One SC-FDMA
symbol period

<

i

Frequency

Important Note: The PAR
Is the same as the original
QPSK data symbols

Aerospace & Defense Symposium
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Complimentary cumulative distribution function

Rng10 ¥ Pts:1.790 Avg:-10.39 dBrm

| QPSK OFDMA ¢

Loghdag |

QPSK SC-FDMA &

1
m* ) ) ) | I ) ) )
Start 0 dB Stap 20 dB
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SC-FDMA has
lower PARS

Extra headroom
lowers costs in
the power
amplifier and
reduces battery
drain.

Aerospace & Defense Symposium
© Agilent Technologies, Inc. 2014

16



S, Sl  anaERRe S o MM AV <L 4
Physical Layer Definitions: Frame Structure

Fram e Stru Ct ure typ e 1 (FD D) FDD: Uplink and downlink are transmitted separately

One radio frame = 10 ms

- ~

One slat =0.5ms =

#0 H#1 H2 H#3 |, #18 #19

One subframe = 1ms

‘-

Subframe 0 Subframe 1 Subframe 9
Frame Structure type 2 (TDD)

One radio frame, T; = 307200 x Ts = 10 ms :
- >
One half-frame, 153600 x Ts =5 ms : :
- >

One subframe, 30720 x Ts=1ms

H : : One slot,

> H <@ T, =15360 x Ts = 0.5 ms

: 1 T - I : 1 1 I
1 1 1 1 1 1

3 I HA ! #H5 ! 7 H8 #H9O !
1 1 1
DWPTS UpPTS
Guard period Guard period

Aerospace & Defense Symposium
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Slot Structure & Physical Resource Elements

One slot, T, —
-~ > Condition (DL) | NR& NP-o b
Normal e 15kHz | 12 7
| cyclic prefix
S Ng'™ Extended _Af=15kHz | 12 6
LOFDM symbols cyclic prefix Af=7.5kHz| 24 3
: >

Resource block

RB DLor UL
Nsc X Ngymp

DLor UL RB
NRB X NSC

subcarriers

Resource element

1symb X 1sc
NG = — — _
subcarriers Condition (UL) [ NRe NV
Nprmal _ 12 .
cyclic prefix
Extended
Y. cvelic prefix 12 6

Aerospace & Defense Symposium
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LTE Physical Layer Signals & Channels

Physical signals

Primary synchronization signal Demodulation reference signal (DMRS)
Secondary synchronization signal Sounding reference signal (SRS)

Reference signals

Generated in Layer 1 and are used for system synchronization, cell identification and
radio channel estimation

Physical channels

Uplink

Physical Downlink Shared Channel (PDSCH) Physical Uplink Shared Channel (PUSCH)
Physical Broadcast Channel (PBCH) Physical Uplink Control Channel (PUCCH)
Physical Downlink Control Channel (PDCCH) Physical Random Access Channel (PRACH)

Physical Multicast Channel (PMCH)
Physical Control Format Indicator Channel (PCFICH)

Physical Hybrid Automatic Repeat Request (ARQ)
Indicator Channel (PHICH)

Carry data from higher layers including control, scheduling and user payload

Aerospace & Defense Symposium
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Downlink Frame Structure Type 1

NSymbOFDM symbols (= 7 OFDM symbols @ Normal CP)

P »
< >

160 2048 144 2048 144 2048 144 2048 144 2048 144 2048 144 2048 (x Ts)
CpP 0 CpP 1 CpP 2 3 CP 4 cP 5 CP 6 = 15360 Ts
4 1 =0.5ms
A etc. .
The Cyclic Prefix is created by prepending each
symbol with a copy of the end of the symbol
[ RS - Reference Signal (Pilot) poster
el 23 45 6 2345 6 Bl P-SS - Primary Synchronization Signal
) o .
< 1 sub-frame Bl S-SS - secondary Synchronization Signal
5 =2 slots B PBCH - Physical Broadcast Channel
g =1ms Bl PCFICH — Physical Control Channel Format Indicator Channel
= B pHiCH (Normal)- Physical Hybrid ARQ Indicator Channel
7 n
Time (Symbol) ] PDCCH (L=3) - Physical Downlink Control Channel
L] PDSCH - Physical Downlink Shared Channel
#6 #1 #8 #9 #10 #11 #12 #13 #14 #15 #16 #17 #18

L L L T T
L L L T T

L L L T T
HH
1 - - - '6

LI L I

- -

L L L 1]

L L LT

L L L T

L L LT

.|

L L L T T

m
I
I

.|

.|

.|

A

Aerospace & Defense Symposium
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LTE Downlink Mapping

A A A
. P-SS - Primary Synchronization Signal * *
|:| S-SS - Secondary Synchronization Signal R R R
B PBCH - Physical Broadcast Channel *
[l PDCCH -Physical Downlink Control Channel
16QAM 64QAM QPSK

[[] PDSCH - Physical Downlink Shared Channel
= Reference Signal — (Pilot) / /

Frequency

Aerospace & Defense Symposium
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Agenda

 Introduction to LTE
- Major features and requirements
- Frequency bands
- Channel bandwidths
- OFDM/OFDMA/SCFDMA
- Structure — frame, slots, resource blocks & elements
- Physical signals and channels

* Transmitter & Receiver Test Fundamentals

« LTE-Advanced Topics
- Carrier Aggregation
- MIMO
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Transmitter Basics

i Mod PA
/\ﬁ/\/\/\/\kl\/ Processing/ Symbol | . |
> A/D Compression/ Encoder \| ﬂ
Error !
Correction Q Q
101011 I RE

« Channel Coding « Characteristics tests

e Maptol &Q e  Qutput power |
« Modulation Shaping Filter o Transmitted signal quality
o Modulate to IF « Unwanted emissions

o Upconvert to RF
« Amplify, Filter, Send to Antenna

Aerospace & Defense Symposium
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Transmitter Testing — Characteristics

Output power eNB UE Unwanted emissions S\\[=] UE
36.141 36.521-1 36.141 36.521-1

Max output power
Transmit power
Output power dynamics 6.3

Transmit on/off power 6.4

Transmitted signal
o[VE=1114Y;

Frequency error 6.5.1
EVM 6.5.2

Transmit modulation quality

Time alignment between Tx 6.5.3
branches
DL RS power 6.5.4

Anticipate __Accelerate __Achieve

6.2

6.3

6.5.1

6.5.2

ACLR

Spurious emissions

Transmitter intermodulation
Occupied BW

Oper. band unwanted emissions

Spectrum emission mask

3. Agilent Technologies

6.6.2 6.6.2
6.6.4 6.6.3
6.7 6.7
6.6.1 6.6.1

6.6.3
6.6.2

Aerospace & Defense Symposium
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Measuring Signals at Different Locations in the Transmitter

Vector signal A
analysis software

Logic analyzer

Anticipate __Accelerate __Achieve

Digitized
(e}

RF * : RF
Transmitter Receiver Aﬁ;
=g 8 FEEE Y
O e
%58 AER é
i . P Signal
pconversion mplification generator —
and and =
amplification downconversion i IR S
I |‘ Analog
DtoA AtoD o
conversion conversion

=30

U=

Baseband processing

Medium access control

e |

Digitized
IQ

.5 Agilent Technologies

Signal Studio software

Baseband
digital interface

Aerospace & Defense Symposium
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Spectrum

Measurements

* Basic signal power
and frequency
characteristics

Vector

Measurements

& * Power vs. time,

CCDF,
spectrograms

Rgilent 89600 Vector Signal Analyzer

| GFTb v A 588

- Press ESC for menu
O B e

Digital
demodulation
Measurements

 Constellation and
modulation quality

S, Sl  amERme e o sk R AV LA 4L
A Systematic & Structured Approach

analysis, advanced
analysis

More productive and efficient to follow a verification sequence when measuring
complex signals

Aerospace & Defense Symposium
© Agilent Technologies, Inc. 2014
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Verifying Transmitter — Spectrum and Vector Measurements

Channel power

Amplitude flatness

Center frequency

‘ Occupied bandwidth
= CCDF

Spectrum vs time

Anticipate __Accelerate __Achieve ::: Ag ilent Technologies
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Occupied Bandwidth

it Agilent 89600 Vector Signal Analyzer

“ File Edit Confrol Source Input TestSetup MeasSetup Display Trace Markers Ultilities Help
[»[nle [@@©®®® Stacked v ||k 2 o[l 11| |2 50% Color Normew
A Chl Spectrum RRS:100 Range: -16 dBm
-45
dBrm OB_W
Loghag f
5
dB
Jdiv
-95
dBm :
Center, 1 GHz Span: b MHz
REY: 3 kHz Timelen: 1.273126 mSec
Trace A Power: -z1.254 dBm
DBW: 4 472 014.60 Hz Centroid: 1 000 001 007.89 Hz Offset: 1 007.89 Hz

Aerospace & Defense Symposium
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Spectrogram
1o x|

|| File Edit Control Source Input TestSetup MeasSetup Display Trace Markers Utiites Help |

[r»n]e|]l@e@c@®®s: =[x il [ [[E 52 | coortomal |

” 3GPP Standard Version PBCH Version PUCCH Version PUSCH Version

Range: 0 dBm

- . - - - 3 =

A: Chl Spectum
-l

16.73
mS ec

10
dBm

Center: 20 M-I-Tz- - - Span; @lalsk
RE": 30 kHz Timelen: 1273437 uSec

Aerospace & Defense Symposium
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Analysis of Signals After Digital Demodulation

Measurement example for setup, including:

« UL/DL

« FDD/TDD
 Bandwidth & Span
 Sync type

Anticipate __Accelerate __Achieve

s MeasOl - LTE Demod Properties

Format Profile | Time | Advanced | Decode | (7]
~Duplex Mode Direction:
|Downlink |
@FOD  ©TDD Bandwidth:
|5 MHz (25RE) |
~5ync Type Cell ID R5-PRS
@ P-55 @ Auto @ 3GPP
Preset to Standard...
RS ) Manual |,:|_| () Custom

~ DL Format Parameters

Murn. ofoAntennas: (] Ref. Tx Antenna:| Port0 - |
Mum. of Bx Channels: 1 Ref. Input Channel: (Chl - |
P-55/5-55 Ant. Port: Port0 = | Ant, Det. Threshold:| 36 dB | [ Include Inactive Paths

Channel ) ) :
e 1 1 10 Meas Location
Fall ® T —§—LayerD
Ref Path hatrie
Equalizaticn Decoder

MIMO Decoding: PDSCH Cell Specific Ratio:
3GPP MIMO Decoding v

Aerospace & Defense Symposium

:_ Ag“ent Technomgies © Agilent Technologies, Inc. 2014
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Analysis of Signals After Digital Demodulation

st Agilent 89600 Vector Signal Analyzer

- OX|

File Edit Control Source Input TestSehup MeasSetup Display Trace Markers Utilities Help
e | AEBEDED GId2x3- S - o T -
A2 Chl OFDM Meas Range: 0 dBm C: Ch1 OFDM Err Vect Spectrum E: Ch1 OFDM ErrVect Tirme 320 mY
15 5 5
S %
* ® 2 ® @ & ® ®
L L » L
® & ® ® ® @°%p @
Const ® & & ® © @ O ® Linklag Linkdag |
L @ » L I m -
0 00 00 0 IR IEERY
ool @ & & ® 9 @ 9 0 500
m [ ] [ ] ] [ ] me
Idiv".o.... Jdiv |
® & e & & &% @O
L L W »
® & & & & @& & @
-15 0
el i - 5o Syl o ol s at
-1.285 1.2849 Start: -150 carrier Stop: 150 carrier Start: 0 svm Stop: 139 svm
REW: 15 kHz TimelLen: 140 Svm REW. 15 kHz TimeLen: 140 Sym
B: Ch1 Spectrum Range: 0 dBm D: Ch1 Errar Summary  Range: 320 m F: Chl Frame Surnrmarny 320
BN = 32617 m2arms at BV || Channel E%M(%trms) Power(dB) ModFmt
Ew'hd Pk = 315849 oat svm
Data EVh4 = 950.08 mierms
RS EWhd = B84  m%rmms
Freo Err = h§.4a0 Hz
SyncCorr = 99991 %
Cormmon Tracking Error= 178.06 M arms
SymClk Err = -1.0779 Jalaliy
e Ofiset D gl et PDSCH_QPSK 034447  -0.00858  OPSK
10 Gain Imbalance - 0046 e POSCH_160AMO 906ES 0.07288 TECIAM
o POSCH_B40ARMT.0006 -0.03510 BACIAM
IQ Quad. Errar = -121.44 mdeg Monallos 086170 _ o
12 Tiring Skew = B6.0BS psec )
i CF Length Mode = Mormal{auta)
| CelllD =0 (@uta)
Center: 20 hHz Span: 7.65 MHz | CEllD Group/Sector = 0/] (auto]
FBWwy: 381.938 Hz  Timelen: 10m3ec
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Analysis of Signals After Digital Demodulation
st Agilent 89600 Vector Signal Analyzer - Press ESC for menu

A Chl OFDM Meas  Range:-16 dBm C: Ch1 OFDM Err Wect Spectrum E: Ch1 OFDM ErrWect Time
15 5 5
S %
2 & & @ 9 8 & 0
- - o -]
@ G B 6 6 0P O
Const 9 @ @8 @ 8 @ & © Linklag Linkdag
- -] -]
O; g & 8 @ a @9 ;ﬂ
M & @& o 8 @8 5 @ @ 500 [ 500 )
tm -4 o - ® m ma \6?’!
| 2 & e & @ 8 & @ Jli Jliv I =
@ o0 oo 0% e
v a9y =] a
r & ® & @ o @& O b,
-1.5 ] 0
% %
-1.404 1.4036 Start: <1560 carrier Stop: 160 carrier Start 0 sym Stop: 13 sym
FBWy: 15 kHz Timelen: 14 Sym RBW: 15 kHz Timelen: 14 Sym
B: Ch1 Spectrum Fange:-16 dBm D: Ch1 OFDM Symbaols -16 dBm F: Chl Frame Summary 5011872 mY
dEl4rE Channel EWM(*4rms) Power(dB) ModFmt
3456 02060202 OF 0102 04070800
3468 06030900 06030007 06020000 P-55 041311 064739 Z-Chu
3480 030E0500 01010603 07000COD 5-55 0.44447 065115 BFSE
Loghdag 3492 0DOED403 020E0AQS OF030705 FECH 042336 -0.00128 QPSE
| ! 3504 0Z0G0E0T 0Z200070E 09010E07 FCFICH 053670 0.00537 QPSE
3516 193C2E03 27100524 01031B06 FPHICH 058953 n.oo400 BFSK(CD
10 3528 OF162E03 2R2C3E3E DADOOOT3 FOCCH 0.56692 -0.00049 QIPSE
e 3540 29710203 3305820014 TRO00Z634 RS 0.43568 2h QIFSE
Il 3RB2 03302003 17291427 2000328 POSCH_CPSEK 056539 0.00280 OPSk
364 Z400TF0Z 0Ca42E00 0CO22FT4 POSCH_160AMO. 43620 -0.01107 TECAM
3ETE 233A2407 T3TET90E FF00TCIE POSCH_E40ARMO 55853 0.09757 BACIAM
3588 052E0400 ODT42E19 OFO01Z2ESE Mon-alloc — — —
=140 e Nk 3600 27000C02 05003915 00011 7R
dBEm 3612 01000200 03030200 020702071
Centar: 1 GHz Span: 76BMHz | 3624 02010001 02010201 00030101
387971 kHz 999.9593 uSec
Trace A Marker: 150 carrierPDSCH_6404AM 11 sym 1.3081 -144 4329 deg
Trace T Marker: 150 carrierPDSCH_6404AM 11 sym 1.9317 % 1.0372 % Awg
Trace D Marker: 150 carrierPDSCH_640AM 11  sym 31
race b " 11 sym PDSCH_64QAM 150 carrier 1.9317 % 599.7496 m% Avg
Trace F Marker:
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Receiver Basics

Low-noise
amplifier Baseband
. with AGC
Filter Downconverter  |F filter ~ Downconverter filter

h

Y
Y

> P Symbol Transport Output to
Demodulator Q. Q.| decoder channel higher
decoding layers

RF LO IF LO

Downconvert to [F/BB

- « Characteristics tests - open loop
- Filter Sensitivity and Dynamic Range
o Demodulate ’ Y Y J

o Susceptibility to interference

Decode and Process Bits o
. Unwanted emissions

Convert to Analog (if necessary)

Aerospace & Defense Symposium
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Receiver Testing — Characteristics

Sensitivity and dynamic range | eNB UE
36.141 36.521.1

Reference sensitivity level 7.2 7.3

Dynamic range 7.3

In-channel selectivity 7.4

Max input level 7.4
sy o maeerce ||

Blocking 7.6 7.6

Adjacent channel selectivity 7.5 7.5

Intermodulation characteristics 7.8

Receiver intermodulation 7.8

Spurious response 7.7
onvanesemssons |

Spurious emissions 1.7 7.9

Aerospace & Defense Symposium
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Verifying RF receiver —front end

Amplitude flatness

- Phase linearity
e
| Pzgff\g Automatic gain control

Noise figure

)  ecelver BV

4.3 Agilent Technologies
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Common RF Front End Measurements
Phase Linearity

Issues 89600A VSA Measurement
« LTE can correct some amplitude / phase m

errors with RS ulm- Jesoo®

* Errors will manifest themselves as EVM T T | eeesoeess

« Important because LTE BW is wider than s T ™ ecososss

other cellular standards DL e e

* Need to test individual components, i.e.
Amplifiers, Filters, Mixers, etc

How to test

« VSA can measure phase linearity and also
amplitude flatness of modulated LTE signal

« Hard to test with traditional signal generator T e
and spectrum analyzer e — e LA

« High degree of integration may make
network analyzer impractical

Aerospace & Defense Symposium
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Baseband Measurements

Baseband Measurement Goals

"G Agilent Signal Studio for 3GPP LTE - Untitled* (0l x|

« Determine if RX can correctly e
demodulate and decode data

‘Eunhguvsnnn Full filed OFSK EMHz (25 RE)

#_ [ Name [Type [ state [ Power (@) [ Data
100 ool On 000 PNg
2 BCH BCH On 000 PNg
3 DLSCHI DLSCH On 000 PNg
- - 4 DLSCH2  DLSCH off 000 PNg
5 DLSCHI  DLSCH off 000 PNS
— E  DLSCH4  DLSCH off 000 PNg
7 DLSCHS  DLSCH oif 000 PNS
2 DLSCHE  DLSCH off am PNg
3 DLSCH7  DLSCH off 000 FNg
10 DLSCHE  DLSCH off am PNg
. . A cFl On am Nk
Different modulation types ————————
y 3-DLSEH1 [ Hint
B 3GPP Number of Retransmissions
Channel Number 3 (Range: 010 10
Narve

DLSCHT (Defaui 0
n

— Different LTE system BW
» Functional testing of HARQ capability

[This parameter appiies only to DL-SCH channels.

[Enter the number oftimes for the downlink shared channel ta be
retransmited. Click the button n the Transmission Configuration
wihe enabled retransmissions. Each ransmission

e
the number oTHARQ processes defined in the Assigned
= cell

[Your setting is displayed in the DL-SCH Tk sequence window.

» Determine performance RX under
impaired conditions

[ Jce speciic RS | [ IPhysical Channel | [] Transport Channel

* Pre-conformance testing

— Receiver Characteristics

* Open Loop

RDX for
DigRF v4

« Require interfering carriers
— Performance Requirements

» Closed Loop
« Requires fading

Aerospace & Defense Symposium
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Combining Simulation and Test to Measure EVM, BER/BLER and
throughput at stages in TxRx Chain

Rx structure

Signal
processing
unit

N

Download / \ Capture DUT

DUT stimulus {

SystemVue + VSA -
MXA, PXA, M9392A
90000X-series scope

F————=—=-=--

Signal

processing

unit

Logic analyzer

PXI M9392A

Tx structure

Anticipate __Accelerate __Achieve
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RF filter
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Agenda

 Introduction to LTE
- Major features and requirements
- Frequency bands
- Channel bandwidths
- OFDM/OFDMA/SCFDMA
- Structure — frame, slots, resource blocks & elements
- Physical signals and channels

 Transmitter & Receiver Test Fundamentals

« LTE-Advanced Topics
- Carrier Aggregation
- MIMO

Aerospace & Defense Symposium
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What is Carrier Aggregation?

« Extends the maximum transmission bandwidth, up to 100 MHz, by aggregating up to five LTE
carriers — also known as component carriers (CCs)

« Lack of sufficient contiguous spectrum forces use of carrier aggregation to meet peak data rate
targets:

- 1 Gbps in the downlink and 500 Mbps in the uplink
* Motivation:
- Achieve wide bandwidth transmissions
- Facilitate efficient use of fragmented spectrum
- Efficient interference management for control channels in heterogeneous networks

Component Carrier (CC)—
up to 20 MHz BW

Aerospace & Defense Symposium
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Carrier Aggregation Modes

Component Carrier (CC)—
up to 20 MHz BW

A

Aerospace & Defense Symposium
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Multi-Antenna Techniques

Obijective of Multiple Antennas: To increase coverage and physical
layer capacity.

Three kinds of multiple-antenna applications:
Path diversity
-Beamsteering

Spatial multiplexing

v

Beamforming: Feedback of channel
conditions is used to pre-code the signal

Aerospace & Defense Symposium
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System & Antenna Configurations, Terms
“Input” and “Output” Refer to the Channel

SISO T MISO T
>
I Tx0 RX
TX j K RX V/
Tx1
Tx Diversity,
SIMO 4 MIMO I
Y
YU | [ g s
\% Y cd Y
_ _ Rx1 Tx1 Rx1
Rx Diversity

\_ Spatial Multiplexing ~ /
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Agilent Tools to Help You

snapaspy Op 03 wennjong oyt poe 3L T
W1

27 Agilent Technologies

“Just Visit Our Websites”
www.agilent.com/find/Ilte
www.agilent.com/find/Ilte-a

Anticipate __Accelerate __Achieve

The Power to Get to Market Faster

- - . Aerospace & Defense Symposium
- Agilent Technologies

© Agilent Technologies, Inc. 2014

44


http://www.agilent.com/find/lte
http://www.home.agilent.com/agilent/application.jspx?cc=US&lc=eng&ckey=1852643&nid=-33796.0.00&id=1852643&cmpid=zzfindlte-a
http://www.home.agilent.com/agilent/application.jspx?cc=US&lc=eng&ckey=1852643&nid=-33796.0.00&id=1852643&cmpid=zzfindlte-a
http://www.home.agilent.com/agilent/application.jspx?cc=US&lc=eng&ckey=1852643&nid=-33796.0.00&id=1852643&cmpid=zzfindlte-a

Thank You!

agilent.com/find/Ite
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