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Documentation is updated periodically. For the latest information about these products, including instrument software
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your product:
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Information on preventing analyzer damage can be found at:

http://www.keysight.com/find/tips
Is your prod uct software up-to-date?

Periodically, Keysight releases software updates to fix known defects and incorporate product enhancements. To search for
software updates for your product, go to the Keysight Technical Support website at:

http://www.keysight.com/find/techsupport
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About the LTE TDD & LTE-A TDD Measurement Application

1 Aboutthe LTE TDD & LTE-A TDD Measurement

Application

KEYSIGHT

TECHNOLOGIES

This chapter provides overall information on LTE TDD & LTE-A TDD
communications systems, and describes LTE TDD & LTE-A TDD measurements
made by the analyzer.

What Doesthe LTE TDD & LTE-A TDD Application Do?

This analyzer can be used for testing aLTE TDD & LTE-A TDD downlink and
uplink signals complying with the standards listed below:

TS36.211 v.10.7.0 (2013-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); Physical Channels and Modulation (Release 10)

TS36.141 v.11.4.0 (2013-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); Base Station (BS) conformance testing (Release 11)

TS36.521 v.10.5.0 (2013-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception
conformance testing (Release 10)

TS36.212 v.10.7.0 (2012-12) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); User Equipment (UE) Physical Channels and
Modulation (Release 10)

TS36.213v.10.9.0 (2013-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); User Equipment (UE) Physical layer procedures
(Release 10)

TS36.214 v.10.1.0 (2011-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); User Equipment (UE) Physical layer; Measurements
(Release 10)

TS36.101 v.11.4.0 (2013-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception
(Release 11)

TS36.104 v.11.4.0 (2013-03) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); Base Station (BS) radio transmission and reception
(Release 11)
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e TS36.201v.10.0.0 (2010-12) 3GPP TSG-RAN; Evolved Universal Terrestrial
Radio Access (E-UTRA); LTE physical layer; General description (Release 10)

The instrument automatically makes these measurements using the measurement
methods and limits defined in the documents. The detailed results displayed by the
measurements enable you to analyze LTE TDD & LTE-A TDD signals performance.
You may ater the measurement parameters for specific analysis.

The license N9082A/B-1FP (License Type: Fixed/Perpetua. A for Windows XP
platform, B for Windows 7 platform) isfor LTE-Advanced TDD with one carrier
measurement. And the license N9082B-2FP is for LTE-Advanced TDD with
multi-carrier measurement and only availablein Windows 7 platform, it also requires
to have N9082A/B-1FP installed.

This analyzer makes the following measurements providing power measurements
and modulation analysisfor the LTE TDD & LTE-A TDD signals:

* Modulation Analysis

» Channel Power

» Adjacent Channel Power (ACP)
*  Spectrum Emission Mask

» Spurious Emissions

*  Occupied BW

* Power Stat CCDF

» Monitor Spectrum

* 1Q Waveform (Time Domain)

» Transmit On/Off Power

e Conformance EVM

10
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2 Making LTE TDD & LTE-A TDD Measurements

This chapter begins with instructions common to al measurements including
equipment configuration, simple steps for making a measurement, then details how
to make the measurements available by pressing the LTE TDD & LTE-A TDD
mode and Meas key for LTE TDD & LTE-A TDD Downlink and Uplink signal

separately.
» “Setting Up and Making a Measurement” on page 13
o “LTETDD & LTE-A TDD Downlink Signal Measurement” on page 15
— “Configuring the Measurement System” on page 15
— “Setting the Downlink Signal” on page 16
— “Common Measurement Procedure (Downlink)” on page 18
— “Monitor Spectrum Measurements” on page 21
— “IQ Waveform (Time Domain) Measurements” on page 24
— “Channel Power Measurements” on page 27
— “Occupied Bandwidth Measurements” on page 30
— “ACP Measurements” on page 32
— “Spurious Emissions Measurement” on page 35
— “Spectrum Emission Mask Measurements” on page 39
— “Transmit On/Off Power Measurements” on page 44
— “Power Statistics CCDF Measurements” on page 47
— “Modulation Analysis Measurements” on page 50
— “Conformance EVM Measurement” on page 64
o “LTETDD & LTE-ATDD Uplink Signal Measurement” on page 67
— “Configuring the Measurement System” on page 67

— “Setting the Uplink Signal (Example for Power Measurement)” on
page 67

KEYSIGHT

TECHNOLOGIES
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— “Common Measurement Procedure (Uplink)” on page 69
— “Monitor Spectrum Measurements” on page 72

— “IQ Waveform (Time Domain) Measurements” on page 75
— “Channel Power Measurements” on page /8

— “Occupied Bandwidth Measurements” on page 81

— “ACP Measurements” on page 83

— “Spurious Emissions Measurement” on page 86

— “Spurious Emissions Measurement” on page 86

— “Spectrum Emission Mask Measurements” on page 90
— “Transmit On/Off Power Measurements” on page 95

— “Power Statistics CCDF Measurements” on page 99

— “Modulation Analysis Measurements” on page 102

— “Conformance EVM Measurement” on page 118

12
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Setting Up and Making a Measurement

Setting Up and M aking a M easurement

Making the I nitial Signal Connection

CAUTION

Before connecting a signal to the analyzer, make sure the analyzer can safely accept
the signal level provided. The signal level limits are marked next to the RF Input
connectors on the front panel.

Table 2-1

Seethe Input Key menu for details on selecting input ports, and the AMPTD Y Scale
menu, for details on setting internal attenuation to prevent overloading the analyzer.

Using Analyzer Mode and M easurement Presets

To set your current measurement mode to a known factory default state, press M ode
Preset. Thisinitializes the analyzer by returning the mode setup and all of the
measurement setups in the mode to the factory default parameters.

To preset the parameters that are specific to an active, selected measurement, press
M eas Setup, M eas Preset. Thisreturns all the measurement setup parametersto the
factory defaults, but only for the currently selected measurement.

3 Sepsto Setting Up and Making M easurements

All measurements can be set up using the following three steps. The sequence starts
at the Mode level, is followed by the Measurement level, finally, the result displays
may be adjusted.

3 Sepsto Setting Up and Making a Measurement

Step

Action Notes

Mode

1. Select and Set Up the a. Press Mode. All licensed, installed modes

b. Pressamode key, like Spectrum available are shown under the M ode

Analyzer, W-CDMA with key.
HSDPA/HSUPA, or LTE TDD | Using Mode Setup, make any
& LTE-A TDD. required adjustments to the mode

c. Press Mode Preset. settings. These settings will apply to
all measurements in the mode.
d. Press Mode Setup.




Making LTE TDD & LTE-A TDD Measurements
Setting Up and Making a Measurement

Table 2-1

3 Sepsto Setting Up and Making a Measurement

Step

Action

Notes

2. Select and Set Up the
Measurement

a. Press Meas.

b. Select the specific measurement
to be performed.

c. Press Meas Setup.

The measurement begins as soon as
any required trigger conditions are

met. The resulting data is shown on
the display or is available for export.

Use Meas Setup to make any
required adjustment to the selected
measurement settings. The settings
only apply to this measurement.

3. Select and Set Up a
View of the Results

Press View/Display. Select a
display format for the current
measurement data.

Depending on the mode and
measurement selected, other
graphical and tabular data
presentations may be available.
X-Scaleand Y-Scale adjustments
may also be made now.

NOTE A setting may be reset at any time, and will be in effect on the next measurement
cycle or view.
Table 2-2 Main Keys and Functions for Making Measurements
Step Primary Key Setup Keys Related Keys
1. Select and set up a mode. Mode M ode Setup, System
FREQ Chann€
2. Select and set up a measurement. | Meas M eas Setup Sweep/Contral,
Restart, Single, Cont
3. Select and set up a view of the View/Display SPAN X Scale, Peak Search,
results. AMPTD Y Scale | Quick Save, Save,
Recall, File, Print

14
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LTE TDD & LTE-A TDD Downlink Signal Measurement

LTE TDD & LTE-A TDD Downlink Signal M easurement

The section describes how to make measurementsfor LTE TDD & LTE-A TDD
Downlink Signal. The measurement procedure with screen captures of the
measurement examples are provided.

NOTE

For the SCPI commands and detailed description of keys and parameters, refer to
LTETDD & LTE-A TDD Measurement Application User’s and Programmer’s
Reference.

Figure 2-1

Configuring the M easurement System

There are two kinds of measurement setups to test the DUT (Device Under Test):
Component Measurement System and Base Station Measurement System.

Component M easurement System

This system is used for preamplifier and repeater testing. See the connection of the
equipment below.

Component Test System
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1. Connect the RF Output of the Signal Generator to the Input port of the
Component.

2. Connect the Output port of the Component to the RF Input of the Signal
Anayzer.

3. Connect aBNC cable between the 10 MHz OUT port of the Signal Generator and
the EXT REF IN port of the Signal Analyzer.

4. Connect the EVENT 1 of the Signal Generator to the TRIGGER 1 IN of the
Signal Analyzer.

Base Station M easurement System

See the connection of the equipment bel ow.
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Figure 2-2 Base Sation Test System
(.,
EXTREF OUT
Frequency Reference N
EXT REF IN
e
BTS TRIGGER OUTPUT e
TRIGGER INPUT =|ED8eE =
O.UE:‘:D:‘.I‘JEIEID @CDUD Il
B/ —
X-Series Signal Analyzer | RF INPUT
RF OUTPUT
o (€, ! Atten I
1. Connect the RF Output of the BTS to the RF Input of the analyzer using the
appropriate attenuator.
2. Connect a BNC cable between the External Reference OUT port of the BTSto
the EXT REF IN port of the analyzer.
3. Connect the Trigger Output of the BTS to the TRIGGER 1 IN of Signal Analyzer.
NOTE For Power Measurement of the LTE TDD & LTE-A TDD downlink signal, because

the signal is bursted, you must use Gate function, and the connection of trigger is
required. For detail regarding Gating function, see “Time Gating Concepts” on
page 182.

Setting the Downlink Signal

Configure the signal generator using the settings below. The Keysight Signal Studio
N7625B for 3GPP LTE Advanced TDD is used in the example to generate the
regquired waveform for testing.

Center Frequency: 2.6 GHz
Output Power:  —10 dBm (at analyzer input)
Component Carriers. 2 (CCOE-TM1.1and CC1E-TM3.1)
Bandwidth: 10 MHz + 10 MHz
Antennas: 1
Cyclic Prefix: Normal
Transport Channel: DL-SCH =0On, 0dB
BCH =0n,0dB

16
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Physical Channel: PBCH =On, 0 dB

PDCCH
PDSCH

=0On,0dB
=0On,0dB

PCFICH =0On, 0dB
PHICH =0On, 0 dB

Resource Block: 0-49
Power =0 dB
Figure 2-3 Sgnal Sudio Mapping (Downlink Signal)
File View Control System Tools Help
W= =] 11IE| 4
r- Quick Setups ‘Conﬂguration : E-TM1.1 10MHz (50 RE) — Frame 0 Seftings
El-Hardware
i Instrument | | |
E| 'u\l.'cae:ef‘Zim Setu # | Channel | State | Power | Data | Higher Layer | Resource Block Collection -
B Carrier Aggrl:;gation 1 1 PBCH On 0.000 Higher Layer ~ CH2:BCH = =
: ) 2 PDCCH On 1.065 - - - W
& Component Carrier 1 3 PDSCH On 0000 Higher Layer CHT.DLSCH 12
- Downlink 4 PDSCH On 0.000 Higher Layer ~ CH1:DL-SCH 34
i beTransport Channel B PDSCH On 0.000 Higher Layer ~ CH1:DL-5CH 56 T
® Physical Channel ; ; . -
| -Resource Block Physical Channel 1 - PBCH (Occupied by higher layer channel) [ Hint
B Uplink B 1.General Seifings J
- Transport Channel Physical Channel Number 1
- Physical Channel PECH
-- Resource Block On
=8 Component Carrier 2 0.000 dB
E- Downlink QP3K
¢ i-Transport Channel - J
- Physical Channel
- Resource Block

B- Uplink
- Transport Channel
- Physical Channel
-- Resource Block
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Common M easurement Procedure (Downlink)

NOTE In the following instruction, the test signal is generated using E-URTA Test Model.
Therefore, the following procedures are common and need to set up for all

measurements.

Step

Action

Notes

1 Enablethe LTETDD &
LTE-A TDD measurements.

PressMode, LTE TDD & LTE-A TDD.

2 Preset the Mode.

Press M ode Preset.

Only do this to return the
measurement settings to
a known state for all

measurements in the LTE
TDD & LTE-A TDD mode.

3 Set the carrier reference
frequency.

Press FREQ Channel, Carrier Ref
Freq, 2.6, GHz.

The center frequencies of
carriers are defined as
offset frequency from this
value.

NOTE You may need change the Center Freq and Center Freq Offset settings to satisfy the channel
spacing requirement according to the 3GPP standard.

4 Select the direction to
Downlink.

Press M ode Setup, Direction to be
Downlink. Downlink is the default setting.

18
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Action

Notes

5 Configure the two component

carriers.

Press M ode Setup, Component Carrier
Setup.

Press Num Component Carriers, 2.

Press Configure Component Carriers,
Component Carrier, CCO.

Press Freq Offset, -5 MHz

Press Bandwidth Setup, System BW, 10
MHz (50 RB).

Press Return, ULDL Alloc,
Configuration 3 (DSUUUDDDDD).

Press DW/GP/Up Len, More,
Configuration 8.

Press Configure Component Carriers,
Component Carrier, CCL.

Press Freq Offset, 5MHz.

Press Bandwidth Setup, System BW, 10
MHz (50 RB).

Press Return, ULDLAlloc,
Configuration 3 (DSUUUDDDDD).

Press DW/GP/Up Len, More,
Configuration 8.

Press Return, Carrier Allocation,
Contiguous.

The measurement
example here is
contiguous carriers. If the
carriers are
non-contiguous, the
Carrier Allocation under
Component Carrier Setup
needs to be changed.

You may press Mode
Setup, Preset to Standard
and configure ULDLAlloc
and DW/GP/Up Len for
both carriers. Preset
System Bandwid th will
affect a list of
parameters, see “Preset
to Standard Settings”
on page 123.

6 Select the predefined

parameters such as Analysis
Slot, Meas Interval or CP

Press M ode Setup, Predefined
Parametersto set up the parameters.
Configure Analysis Slot to be TS10, Meas

Analysis Slot is defined as
the first slot for analysis.

Length Interval to be 13 slots. CP Length to be
Normal.
NOTE The settings under Mode Setup and Predefined Parameters are used for power measurements,

which do not apply to the Modulation Analysis measurement.
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Step Action

Notes

7 Turn on the Gate View and Press Sweep/Control, Gate, Gate View
set up the Gate function. (On).

Turning Gate View On or
Off would not influence
Gate View Sweep Time. It
is initialized by Mode
Preset or Analysis Slot in
Mode Setup, Predefined
Parameters.

You can change the Gate
View Sweep Time, Gate
Delay or Gate Length to
see other parts of the
data frame.

TIP LTE TDD & LTE-A TDD is a burst signal. To obtain correct results, the Gate function (Sweep/Control,

Gate, Gate) is turned on by default.

NOTE You may need to set Trigger to External 1 depends on your equipment connection.

20
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Monitor Spectrum M easurements

This section explains how to make a Monitor Spectrum measurement onaLTE TDD
& LTE-A TDD downlink signal. The Monitor Spectrum measurement is the default
measurement in LTE TDD & LTE-A TDD mode. It shows a spectrum domain
display of the test signal. The primary use of Monitor Spectrum is to allow you to
visually make sure you have the RF carrier available to the instrument, and the
instrument is tuned to the frequency of interest.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes

1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.

page 18.

2 Initiate the Monitor Press M eas, Monitor Spectrum. The default display shows the Current
Spectrum (yellow trace) data. You can compare
measurement. current trace with M ax Hold trace, Min

Hold trace or Aver agetrace using setup
under Trace/Detector.

Press Trace/Detector, Select Trace
and select the trace 1, then turn Update
to Off. Select trace(s) desired for display
and the detector type, like Max Hold,
toggle Display to Show. Then press
Update to On to see the timely update

trace.
3 Set the measurement Press SPAN X Scale, enter a The Monitor Spectrum measurement
span frequency. numerical span using the with the gate view on should look like

front-panel keypad, and select a Figure 2-4.
units key, such as 25 MHz in this
example.

21
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Step Action Notes

Figure 2-4 LTE TDD & LTE-A TDD Downlink Monitor Spectrum Measurement Result - Gate View On

B Keysight LTE TDD & LTE-A TDD - Monitor Spectrum
; =

RF 50Q AC | SENSE:INT| SOURCE OFF | ANALIGN OFF  [10:49:57 AM Mar(4, 2014
Span 25.0000000 MHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS$10
5 =) Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

25.0000000 MHz

Gate View Sweep Time 20.0 ms

Ref 0 dBm

Adjust Span to
Center 2.6 GHz Span 25 MHz | bk
#Res BW 100 kHz #VBW 1 MHz Sweep 2.333ms

IMSG

STATUS

NOTE The default gate source is External 1. If you want to use another gate source, press Sweep/Control,

Gate, More, Gate Source. Five types of gate sources are provided: Line, External 1, External 2, RF
Burst and Periodic Timer.

4 (Optional) Turn on Press Marker Function, You can choose Maker Noise,

Marker function. Marker Noise. Band/Interval Power, Band/Interval
Density or Marker Function Off. You can
use Band Adjust to set the frequency
span for analysis. The Figure 2-5 shows
an example of Marker Noise.
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Action Notes

Figure 2-5

LTE TDD & LTE-A TDD Downlink Monitor Spectrum Measurement Result - Marker Noise

i Keysight LTE TDD & LTE-A TDD - Monitor Spectrum o || -2
! RF 500 AC | SENSE:INT] SOURCE OFF | /MALIGN OFF [10:57:46 AM Mar 04, 2014

Marker 1 2.605000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10
Gate: LO . 1rig: FreeRun Direction: Downlink

IFGain:Low  Atten: 10 dB (Elec 0) Num CC(s): 2 Select Marker
»

E

Marker Function

|_‘

Marker Noise

Band/Interval

Gate View Sweep Time 20.0 ms

Mkr1 2.605 GHz
Ref 0dBm (EERERTDNE | Bandinterval

o
=]
IE

g|9
=

Function Off

|

Band Adjust»

Center 2.6 GHz Span 25 MHz
#Res BW 100 kHz #VBW 1 MHz Sweep 2.333ms

IMSG STATUS

If you have a problem and get an error message, see the guide “I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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|Q Waveform (Time Domain) M easurements

This section explains how to make a Waveform (time domain) Measurement on a
LTETDD & LTE-A TDD downlink signal. The measurement of 1 and Q modulated
waveforms in the time domain disclose the voltages which comprise the complex
modulated waveform of adigital signal.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes

1 Performthecommon  See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.

page 18.

2 Initiatethe IQ Press Meas, | Q Waveform. The default display in Figure 2-6 shows
Waveform the RF Envelope with the current data.
measurement. The measured values for the mean power

and peak-to-mean power are shown in
the text window.

Figure 2-6 LTE TDD & LTE-A TDD Downlink I1Q Waveform Measurement Result

ri’. Keysight LTE TDD & LTE-A TDD - 1Q Waveform ===
U RF 500 AC | SENSE:INT| SOURCE OFF | AVALIGN OFF  [11:01:04 AM Mar04, 2014
Center Freq 2.600000000 GHz Center Freq: 2.600000000 GHz o _
G Trig: Externall Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Ref 10 dBm

0.0000 s 10.0000 ms
Digital IF BW 6.0000 MHz Gaussian 150001 samples

Mean Pwr (Entire Trace) Current Data

'23.9 dBm Max Pt _11 92 dBm Component'

Pkto-Mean 11.99 dB Min Pt -121.8 dBm Carrier Setup

IM SG STATUS
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Step

Making LTE TDD & LTE-A TDD Measurements

LTE TDD & LTE-A TDD Downlink Signal Measurement

Action

Notes

3 SelectthelQ

Press View/Display, 1Q

The 1Q Waveform window provides a view

Waveform view. Wavefor m. of the | (yellow trace) and Q (blue trace)
waveforms on the same graph in terms of
voltage versus time in linear scale.

Figure 2-7 LTE TDD & LTE-A TDD Downlink Waveform Measurement - I/Q Waveform View

YRef 0%

BE Keysight LTE TDD & LTE-A TDD - IQ Waveform
i

RF 50 Q
Ref Level 0.000 V

00 AC

. Trig: Externall
=

IFGain:Low Atten: 10 dB (Elec 0)

S
| SENSE:INT[SOURCE OFF | MALIGN OFF  [11:04:10 AM Mar04, 2014 . .
Center Freq: 2.600000000 GHz ViewlDisplay

Direction: Dewnlink
Num CC(s): 2

Display»
e

RF Envelope
[issisimiss)

llQWaveform

BW 6.0000 MHz Gaussian 150001 samples

4 Adjust the scale.

Pressthe AMPTD Y Scaleand
SPAN X Scale and configure the
setup until the waveforms are
shown at a convenient voltage
scale for viewing.

You may turn Auto Scaling under AMPTD
Y Scale on.

5 Turn on Marker
functions.

Press the Maker Function key to
use Maker Noise, Band/Interval
Power, Band/Interval Density and
Marker Function Off. You can use
Band Adjust to set the frequency
span for analysis.

6 (Optional) Change
measurement
parameters from their
default condition.

Press the M eas Setup key to see
the keys available to change.
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If you have a problem and get an error message, see the guide “I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Channd Power M easurements

This section explains how to make a Channel Power measurement onaLTE TDD &
LTE-A TDD downlink signal. This test measures the total RF power present in the
channel. The results are shown in a graph window and in a text window.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.
page 18.
2 Initiate the channel Press M eas, Channel Power. The Integration BW is shown within the
power measurement. two white lines. The Channel Power

measurement result should look like
Figure 2-8. The graph window and the
text window show the absolute power
and its mean power spectral density
values.

Figure 2-8 LTE TDD & LTE-A TDD Downlink Channel Power Measurement Result - Gate View On

BE Keysight LTE TOD & LTE-ATOD - Channel Power ===
U 500 AC | SENSE:INT[ SOURCE OFF [ MALIGN OFF  [11:05:16 AM Mar 04, 2014
(TN L OO R IsFa Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10 Frequency
] Trig: Free Run Avg|Hold:>200/200  Direction: Downlink
#FGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Gate: LO

Gate View Sweep Time 20.0 ms

Ref -10.00 dBm

Center 2.6 GHz Span 24 MHz

#Res BW 100 kHz VEW 2.4 MHz Sweep 2.867 ms Carrier

RefFreq
Channel Power Comp Carrier  Carrier Power 2.600000000 GHz

e ot dom ooz
-16.49 dBm /20 MHz ol esdsmimown]
Component

Power Spectral Density Carrier Setup

-89.50 dBm /Hz

MSG STATUS
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Step

Action Notes

NOTE The default gate source is External 1. If you want to use another gate source, press Sweep/Control,
Gate, More, Gate Source. Five types of gate sources are provided: Line, External 1, External 2, RF
Burst and Periodic Timer.

3 (Optional) Display the  Press View/Display, Bar Graph. The Bar Graph view result should look

Channel Power Bar like Figure 2-9.
Graph view.
Figure 2-9 LTE TDD & LTE-A TDD Downlink Channel Power Measurement Result - Bar Graph On

BN Keysight LTE TDD & LTE-A TDD - Channel Power ===
U | SENSE:INT| SOURCE OFF | ANALIGN OFF  [11:06:08 AM Mar04, 2014 _ .
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10
] Trig: Free Run Avg|Hold:>200/200  Direction: Downlink
#FGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2
Display»

|E—]
PowerResults

e
Gate View Sweep Time 20.0 ms Carrier Info

[Freq:Offset]

Ref -10.00 dBm

-19.7 cBm ‘
Center 2.6 GHz Span 24 VHz
#Res BW 100 kHz VBW 2.4 MHz Sweep 2.867 ms

Channel Power Comp Carrier  Carrier Power

T COO| 1a dom /000N,
-16.49 dBm /20 MHz [ o1 i35 dom /000

Power Spectral Density

-89.50 dBm /Hz

IM SG STATUS

4 Display thecarrierinfo  Press View/Display, Carrier The measured component carrier power

view.

Info. and its power spectral density are
displayed in the order of component
carrier index in the view window like
Figure 2-9.
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Step Action Notes
Figure 2-10 LTE TDD & LTE-A TDD Downlink Channel Power Measurement Result - Carrier Info
ri Keysight LTE TDD & LTE-A TDD - Channel Pawer ==
7 RF 50Q AC | SENSE:INT| SOURCE OFF [ A\ALIGN OFF [11:06:57 AM Mar04, 2014 , .
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10
Gate: LO S Trig: Free Run Avg|Hold:>200/200  Direction: Downlink
#FGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2
Display»
|
Power Results
[Ees |
Gate View Sweep Time 20.0 ms Carrierinfo
[Freq:Offset]
Ref -10.00 dBm
-19.3 dBm
Center 2.6 GHz Span 24 MHz
#Res BW 100 kKHz VBW 2.4 MHz Sweep 2.867 ms
Total Power -16.49 dBm/20MHz Total PSD -89.50 dBm/ Hz RF-BW 20.00 MHz
Carrier Pwr | Carrier PSD | Integ BW | Filter | Offset Freq | Measure
1 -1967dBm -89.67 dBm/Hz 10.000 MHz OFF -5.0000 MHz On
2|-19.34 dBm  |-89.34 dBm/Hz | 10.000 MHz |OFF |5.0000 MHz |On
IMSG STATUS
5 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.
parameters from their

default condition.

If you have a problem and get an error message, see the guide “I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the

instrument here:
C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Occupied Bandwidth M easurements

This section explains how to make the Occupied Bandwidth measurement on aLTE
TDD & LTE-A TDD downlink signal. The instrument measures power across the
band, and then calculates its 99.0% power bandwidth.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes

1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.

page 18.

2 Initiate the Occupied Press M eas, Occupied BW. The Occupied BW measurement results
Bandwidth should look like Figure 2-11.
measurement.

Figure 2-11 LTE TDD & LTE-A TDD Downlink Occupied BW Measurement Result - Gate View On

BE Keysight LTE TDD & LTE-A TDD - Occupied BW B
! RF 500 AC | SENSE:INT| SOURCE OFF [ /NALIGN OFF  [11:10:21 AM Mar04, 2014
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10 Frequency
] Trig: FreeRun Avg|Hold:>10/10 Direction: Downlink
#FGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Gate: LO

Gate View Sweep Time 20.0 ms

Ref -20.00 dBm

Active Carrier(s) 2, Span 40 MHz
VBW 2.4 MHz Sweep 52.8ms

Occupied Bandwidth Total Power -16.9 dBm 2,600000000 GHE
18.757 MH

Transmit Freq Error - OBW Power 99.00 % Component
x dB Bandwidth 1919 MHz  xdB -26.00 dB Carrier Setup

IM SG STATUS

NOTE The default gate source is External 1. If you want to use another gate source, press Sweep/Control,
Gate, More, Gate Source. Five types of gate sources are provided: Line, External 1, External 2, RF
Burst and Periodic Timer.
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Step Action Notes
3 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change

parameters from their ~ measurement parameters from

default condition.

their default condition.

If you have a prablem and get an error message, see the guide “I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.

Troubleshooting Hints

Any distortion such as harmonics or intermodulation produces undesirable power
outside the specified bandwidth.

Shoulders on either side of the spectrum shape indicate spectral regrowth and
intermodul ation. Rounding or sloping of the top shape can indicate filter shape
problems.
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ACP M easurements

This section explains how to make the Adjacent Channel Leakage Power Ratio
(ACLR or ACPR) measurement for LTE TDD & LTE-A TDD downlink signal.
ACPR isameasurement of the amount of interference, or power, in an adjacent
frequency channel. Theresults are displayed as a bar graph or as spectrum data, with
measurement data at specified offsets.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.
page 18.
2 Initial the ACP Press Meas, ACP.
measurement.
NOTE The default gate source is External 1. If you want to use another gate source, press Sweep/Control,

Gate, More, Gate Source. Five types of gate sources are provided: Line, External 1, External 2, RF
Burst and Periodic Timer.

3 Recall the masks. Press Recall, Data, Mask then The Recall function is provided for

Open..., afile open dialog appears.  E-URTA Test Models (E-TM) defined in

Select the appropriate test model standard 36.141 to setup the

file and click open. Offset/Limit parameters automatically.
The other parameters will not be
changed. At the bottom of the screen,
there is a message to indicate which
mask file is recalled.

The ACP measurement results including
the bar graph with the spectrum trace
graph overlay should look like Figure
2-12. The graph (referenced to the total
power) and a text window are displayed.
The text window shows the absolute total
power reference, while the lower and
upper offset channel power levels are
displayed in both absolute and relative
readings.

The following steps are used in manual
setup.
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Step Action Notes

Figure 2-12 LTE TDD & LTE-A TDD Downlink ACP Measurement Result - Recall Mask

BN Keysight LTE TDD & LTE-A TDD - ACP
7

RF A | SENSE:INT| SOURCE OFF | A\ALIGN OFF

Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz

Gate: LO ) Trig: FreeRun Avg|Hold:>10/10
Atten: 10 dB (Elec 0)

|11:13:18 AM Mar 04, 2014
TimeSlot: T$10
Direction: Downlink
Num CC(s): 2

Import Data

IFGain:Low )

Gate View Sweep Time 20.0 ms

Ref -20.00 dBm

Center 2.6 GHz
#Res BW 100 kHz

Span 59.02 MHz

VBW 1 MHz Sweep 20 ms

Total Carrier Power ~ -18.78 dBm/18.03 MHz ACP-IBW

Lower Upper
Integ BW dBc dBm dBc dBm Filter
9015MHz 5024 -71.91
9.015MHz  -51.57 7324

Carrier Power Offset Freq
10.00 MHz

20.00 MHz

IMSG iJFile <ACP_BS_LTEATDD_Carr_both_10MHz_pairE-UTRA_both_10MHz_CatB.nsTatus

4 Configure the limit for
each offset.

Press M eas Setup, Outer
Offset/Limitsand Inner
Offset/Limitsto configurethe
settings for each offset outside
and between component carriers.

Inner offsets are defined from the
sub-block edges to the gap; limits from
two sub-blocks overlap each other.

The red dotted lines indicate the limits

and the sign “PASS” or “FAIL” at the top
left corner of the screen shows the
result. If the result is fail, the bar of the
related offset turns red.

NOTE Noise Correction can reduce the noise contribution of the analyzer to the measurement results
as much as 10 dB. When the measured power is close to the noise floor, turning on the Noise
Correction under the Meas Setup menu can make the measurement more accurate. The correction
will only be valid for current measurement parameters.

CAUTION To correctly use the Noise Correction feature, you MUST re-calibrate the correction (set to

Off, then On) after ANY measurement parameters are changed. Failure to re-calibrate the
Noise Correction will provide invalid data. When Noise Correction is On, the screen
annotation NCORR is shown below the Input.

5 (Optional) Adjust the
dynamic range.

Press AMPTD and adjust the
Attenuation to 0 dB.

This allows greater dynamic range for
this level of input signal.
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Step Action Notes

TIP For the most accurate ACP measurement results, you may be able to optimize the level of the signal
measured by the analyzer. Adjust the input attenuation using the Up/Down keys, while watching
the ACP levels shown at the offsets to see if the measurement results improve with another setting.

6 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.
parameters from their
default condition.

If you have a problem and get an error message, see the guide “I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Spurious Emissions M easurement

This section explains how to make the Spurious Emissions measurement on aLTE
TDD & LTE-A TDD downlink signal. The measurement procedure for an uplink
signal is similar. This measurement identifies and determines the power level of
spurious emissionsin certain frequency bands.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Performthecommon  See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.
page 18.
2 Togglethe RF Press Input/Output, RF Input, In AC coupling mode, you can view
Coupling to DC. RF Coupling, DC. signals less than 10 MHz but the

amplitude accuracy is not specified. To
accurately see a signal of less than 10
MHz, you must switch to DC coupling.

When operating in DC coupled mode,
ensure protection of the External Mixer
by limiting the DC part of the input level

to within 200 mV of 0 Vdc.
3 Turnoff theGateView Press Sweep/Control, Gate, Since the spurious emissions
(in casethe Gate View  Gate View (Off). measurement will search a large range of
isOn). frequency, Using Gate View has no
meaning.
4 Initiate the Spurious Press Meas, Spurious Emission.  Depending on the current settings, the
Emission instrument will begin making the
measurement. selected measurements. The resulting

data is shown on the display.

The Spurious Emissions measurement
results should look like Figure 2-13.
The spectrum window and the text
window show the spurs that are within
the current value of the Marker Peak
Excursion setting of the absolute limit.
Any spur that has failed the absolute
limit will have an ‘F’ beside it.

The measurement result shows the
largest spur, which is yellow. You can
select the other spur by pressing Meas
Setup, Spur and enter the number of the
spur.
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Step Action Notes

NOTE If you set the Meas Type to Examine, the trace is continuously updating to show the latest
spectrum range that has the worst spur. However, the table always shows the last reported trace
information. Press Restart to update the table to show the latest result.

5 Recall the masks. Press Recall, Data, Mask then The Recall function is provided for masks
Open..., afile open dialog appears.  defined in standard 36.141 to setup the
Select the appropriate mask file Range Table parameters automatically.
and click open. The other parameters will not be

changed. At the bottom of the screen,
there is a message to indicate which
mask file is recalled.

Figure 2-13 LTE TDD & LTE-A TDD Downlink Spurious Emissions Measurement - Spur Table

B Keysight LTE TDD & LTE-ATDD - Spurious Emissions (===
( RF 50 Q /M DC | SENSE:INT| SOURCE OFF | /\ALIGN OFF [11:37:08 AM Mar04, 2014
L T S OGNl Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10 Import Data
Gate: LO (. Trig: FreeRun Direction: Downlink
IFGain:Low #Atten: 10 dB Num CC(s): 2

1.0295 GHz
Ref 0.00 dBm -80.015 dBm

Start 1 GHz Stop 3.7 GHz

Spur Range Frequency Amplitude Limit A Limit

17 114.3 MHz -83.68 dBm -36.00 dBm -47.68 dB
18 893.9 MHz -83.74 dBm -36.00 dBm -47.74 dB
19 579.0 MHz -83.78 dBm -36.00 dBm -47.78 dB
20 769.7 MHz -83.80 dBm -36.00 dBm -47.80 dB
21 210.0 MHz -83.93 dBm -36.00 dBm -47.93 dB
22 849.0 MHz -83.96 dBm -36.00 dBm -47.96 dB
23 1.030 GHz -73.27 dBm -30.00 dBm -43.27 dB

MsG status ! DC Coupled

You can use the window control keys below the screen to zoom the result screen. See Figure 2-14.
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Step Action Notes
Figure 2-14 LTE TDD & LTE-A TDD Downlink Spurious Emissions Measurement - Numeric Result
Screen
BN Keysight LTE TDD & LTE-A TDD - Spurious Emissions
( RF | SENSE:INT| SOURCE OFF | /WALIGN OFF [11:37:52 AM Mar04, 2014
L R el Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS0 _ EEC0 iz
Gate: LO i, Trig:FreeRun Direction: Downlink
IFGain:Low #Atten: 10 dB Num CC(s): 2 Avg/Hold Num
Spur Range Frequency Amplitude Limit A Limit on é_g
2 220.0 kHz -75.70 dBm -36.00 dBm -39.70 dB 1
2 200.0 kHz -78.26 dBm -36.00 dBm -42.26 dB
3 260.4 MHz -82.70 dBm -36.00 dBm -46.70 dB
K] 458.3 MHz -83.28 dBm -36.00 dBm -47.28 dB
3 243.4 MHz -83.61 dBm -36.00 dBm -47.61 dB
K] 442.3 MHz -83.63 dBm -36.00 dBm -47.63 dB
K] 114.3 MHz -83.68 dBm -36.00 dBm -47.68 dB
K] 893.9 MHz -83.74 dBm -36.00 dBm -47.74 dB
K] 579.0 MHz -83.78 dBm -36.00 dBm -47.78 dB
K] 769.7 MHz -83.80 dBm -36.00 dBm -47.80 dB Range Table»
K] 210.0 MHz -83.93 dBm -36.00 dBm -47.93 dB
3 849.0 MHz -83.96 dBm -36.00 dBm -47.96 dB ||
4 1.030 GHz -73.27 dBm -30.00 dBm -43.27 dB Meas Type
4 1.168 GHz -73.64 dBm -30.00 dBm -43.64 dB Erniine Full
4 1.901 GHz -73.96 dBm -30.00 dBm -43.96 dB
4 1.870 GHz -74.00 dBm -30.00 dBm -44.00 dB e
4 2.796 GHz -74.06 dBm -30.00 dBm -44.06 dB Spur
4 3.126 GHz -74.15 dBm -30.00 dBm -44.15 dB
4 3.583 GHz -74.17 dBm -30.00 dBm -44.17 dB
4 2142 GHz -74.23 dBm -30.00 dBm -44.23 dB
4 1.322 GHz -74.37 dBm -30.00 dBm -44.37 dB
4 2.812 GHz -74.40 dBm -30.00 dBm -44.40 dB
IMSG status ! DC Coupled
6 SelecttheRangeTable Press View/Display, Range You can enter the settings for up to

view and edit the
Range Table.

Table, then Meas Setup, Range twenty ranges.

Table. The measurement result highlights the

selected range. If you want to change the
settings of different ranges, you can
press Meas Setup, Range Table, Range,
then enter the range number you need to
configure.
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Step Action Notes
Figure 2-15 LTE TDD & LTE-A TDD Downlink Spurious Emissions Measurement - Range Table
| SENSE:INT| SOURCE OFF |  /M\ALIGN OFF [11:39:57 AM Mar04, 2014
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10 Meas Setup
. Trig: Free Run Direction: Downlink
\FGain:Low  #Atten: 10 dB Num CC(s): 2 Avg/Hold Num
1.0295 GHZ .
Ref 0.00 dBm -79.237 dBmjjMl i
AvgMode
Exp Repeat|
Range Table»
||
Meas Type
Range Start Freq Stop Freq Res BW Video BW Filter Type Examine AL
1 9.000 kHz 150.0 kHz 1.000 kHz 4700 kHz Gaussian - | Em—————
2 150.0 kHz 30.00 MHz 10.00 kHz 47.00 kHz Gaussian | Spur
3 30.00 MHz 1.000 GHz 100.0 kHz 470.0 kHz Gaussian I 23
4 1.000 GHz 3.700 GHz 1.000 MHz 5.000 MHz Gaussian
5 3700 GHz 3700 GHz 1,000 MHz 5000 MHz Gaussian |
; _ _ ~ ~ ~ More
8 - - - - - | 1of2
MSG STATUS ! DC Coupled |
7 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.

parameters from their

default condition.

If you have a prablem and get an error message, see the guide “I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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LTE TDD & LTE-A TDD Downlink Signal Measurement

This section explains how to make the Spectrum Emission Mask (SEM)
measurement onaLTE TDD & LTE-A TDD downlink signal. SEM compares the
total power level within the defined carrier bandwidth and the given offset channels
on both sides of the carrier frequency, to levels allowed by the standard. Results of
the measurement of each offset segment can be viewed separately.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step

Action

Notes

1 Perform the common
configuration.

See “Common Measurement
Procedure (Downlink)” on

page 18.

It is not necessary if you already
configured it in other measurements.

2 Initiate the Spectrum
Emission Mask
measurement.

Press M eas, Spectrum Emission

Mask.

The Spectrum Emission Mask
measurement result should look like
Figure 2-16. The text window shows the
reference total power and the absolute
peak power levels that correspond to the
frequency bands on both sides of the
reference channel. The cyan line is the
absolute limit line and the purple line is
the relative limit line. The limit lines are
turned on by default.
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Step Action Notes
Figure 2-16 LTE TDD & LTE-A TDD Downlink Spectrum Emission Mask Measurement Result
B Keysight LTE TDD & LTE-ATDD - Spectrum Emission Mask (=R
[ SENSE:INT| SOURCE OFF | /MALIGN OFF [01:04:08 PMMar 04, 2014
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10 Frequency
1 Trig: Free Run Direction: Downlink
IFGain:Low #Atten: 10 dB Num CC(s): 2
Ref -10.0 dBm
Center 2.6 GHz Span 50 MHz
Ref Carrier Power -1960dBm/9.015MHz (Carmier #2)
Lower <- Peak -» Upper Carrier
Start Freq Stop Freq  IntegBW  dBm Alim(dB) Freq (Hz) dBm  AlLim(dB) Freq (Hz) RefFreq
50.00 kHz 5.050 MHz 102.0 kHz 4) 5000k 5) 5000k S 2.600000000 GHz
MHz 10.05 MHz kHz 8 Il
10.50 MHz 15.00 MHz  1.000 MHz
15.00 MHz )MHz  1.000 MHz Component
)MHz ~ 1.000 MHz Carrier Setup
IMSG TATUS
NOTE The default gate source is External 1, if you want to use another gate source, press Sweep/Control,

Gate, More, Gate Source. Five types of gate sources are provided: Line, External 1, External 2, RF

Burst and Periodic Timer.

3 Recall the masks. Press Recall, Data, Mask then

Open...,afile open dialog appears.

Select the appropriate file and
click open.

The Recall function is provided for
E-URTA Test Models (E-TM) defined in
standard 36.141 to setup the
Offset/Limit parameters automatically.
The other parameters will not be
changed. At the bottom of the screen,
there is a message to indicate which
mask file is recalled.

4 Select thedesired outer
offset pairs.

Press M eas Setup, Outer
Offset/Limit, Select Outer
Offset. Select the offset you want

to turn on and press Start Freg, On.

You can change the Start Freq,
Stop Freq and other values for the
offset.

The value of offset A, B, C is designed
according to the standard and they are
turned on by default.

When there are many offsets to measure,
you can increase the Res BW under Meas
Setup, Outer Offset/Limit to increase the
measurement speed.
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Step Action Notes
5 Selectthedesiredinner  Press Meas Setup, I nner Inner offsets are defined from the
offset pairs. Offset/Limit, Select Inner sub-block edges to the gap; limits from

Offset. Select the offset you want  two sub-blocks overlap each other.
to turn on and press Start Freg, On.
You can change the Start Freq,
Stop Freq and other values for the
offset.

When there are many offsets to measure,
you can increase the Res BW under Meas
Setup, Inner Offset/Limit to increase the
measurement speed.

6 Set up the limit. a. Press Meas Setup, Outer The Lower or Upper ALim result is the
Offset/Limit, More, Limits ~ minimum margin from limit line, which is
then enter thelimit value decided by the Fail Mask setting. There
for each offset. are four settings for Fail Mask: Absolute,

b. Press Meas Setup, | nner Relative, Abs AND Rel, Abs OR Rel.

Offset/Limit, More, Limits . For Absolute mask, the Lower or

then enter the limit value Upper Lim is compared with the
for each offset. Absolute limit line.

For Relative mask, the Lower or
Upper Lim is compared with the
Relative limit line.

For Abs AND Rel mask, the Lower or
Upper Lim is compared with the
higher limit line.

For Abs OR Rel mask, the Lower or
Upper Lim is compared with the

lower limit line.
7 Select the view and Press View/Display and select Three types of views are provided:
measurement result. the desired view. Absolute Peak Power & Frequency,

Relative Peak Power & Frequency and
Integrated Power. For each view, you can
use three measurement types (select
using Measure Setup, Meas Type): Total
Power Reference, PSD Reference and
Spectrum Peak Reference. The following
picture shows the measurement result
using Meas Type PSD Reference and
Relative Peak Power view. Component
Carrier Info Table is also provided as
below.
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Step Action Notes
Figure 2-17 LTE TDD & LTE-A TDD Downlink Spectrum Emission Mask Measurement Result -
Carrier Info View
i Keysight LTE TDD & LTE-A TDD - Spectrum Emi Mask Iil\i‘\ﬂ/
] RF 500 AC SENSE:INT| SOURCE OFF | M\ ALIGN OFF [01:02:19 PMMar 04,2014 . ’
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10
5 (o) Trig: Free Run Direction: Downlink
IFGainLow  #Atten: 10 dB Num CC(s): 2
Display»
Ref -10.0 dBm B |
Abs PwrFreq
T |
Rel PwrFreq
M
Integrated
Power
e |
Center 2.6 GHz Span 50 MHz
Carrier Info
[Freq: Offset]
Total Power -16.68 dBm/18.03MHz RF-BW 20.00 MHz
Ref Carrier Power: -19.61 dBm/9.015 MHz (Carrier #2: Max) |
LimitLines
Carrier Pwr | Carrier PSD | Integ BW | Filter | Offset Freq  Measure On Off|
1-1978dBm — 9.015 MHz OFF |-5.0000 MHz |On
2 -1961dBm — 9.015MHz OFF 5.0000MHz On
MSG STATUS
8 (Optional) Change Press M eas Setup to see the keys  For example, you can change the M eas
measurement that are available to change. Typeto PSD Ref:

gggﬁgi;mgthw Press M eas Setup, Meas Type, and
' select PSD Ref to display the Integrated
Power view for the spectrum emission
mask measurement with a PSD
reference. The PSD reference is shown
below the spectrum graph in dBm/Hz.

Also, press Trace/Detector to change the
detector type.

If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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Troubleshooting Hints

This Spectrum Emission Mask measurement can reveal degraded or defective parts
in the transmitter section of the unit under test (UUT). The following are examples of
typical causes for poor performance.

Faulty DC power supply control of the transmitter power amplifier.
RF power controller of the pre-power amplifier stage.
1/Q control of the baseband stage.

Degradation in the gain and output power level of the amplifier due to the
degraded gain control or increased distortion, or both.

Degradation of the amplifier linearity or other performance characteristics.

Power amplifiers are one of the final stage elements of a base or mobile transmitter
and are acritica part of meeting the important power and spectral efficiency
specifications. Since spectrum emission mask measures the spectral response of the
amplifier to acomplex wideband signal, it is a key measurement linking amplifier
linearity and other performance characteristics to the stringent system specifications.
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Transmit On/Off Power M easurements

This section explains how to make the Transmit On/Off Power measurement on a
LTETDD & LTE-A TDD downlink signal. The test isto verify that the transmitter
off power and transmitter transient periods are within the limit of the minimum
reguirement.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Performthecommon  See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.
page 18.
2 Initiate the Transmit Press M eas, Transmit On/Off The Transmit On/Off Power
On/Off Power Power. measurement result should look like
measurement. Figure 2-18. Sometimes the result for

Burst Width and Ramp Down displays
“---”. That is because the measured
burst is not a complete burst. The Off
Power shows “---" because the
transmitter off period is not detected
within the Meas Interval.

Figure 2-18 LTE TDD & LTE-A TDD Downlink Transmit On/Off Power Measurement Result

BN Keysight LTE TDD & LTE-ATDD - Transmit On Off Power (=R
( RF | SENSE:INT[ SOURCE OFF | /IALIGN OFF |01:05:05 PMMar 04, 2014
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10 Frequency
»— Trig: Externall Direction: Downlink
#IFGain:Low #Atten: 10 dB Num CC(s): 2

RF Envelope
Ref 0.00 dBm

TP D,

0.0000s 6.9860 ms
Info Bw 25.00 MHz FlatTop Active CC(s): 2

On Power: -16.421 dBm Burst Width: 6.786 ms

Slot Avg Pwr(dBm)  Slot Width(ps)
S10 -16.43 00.00
SN -16.43

512 -16.40 Component
513 -16.41 Carrier Setup
S14 _16.45

Trigger Diff: 0.042 ps Off Power: -96.277 dBm/MHz 2.600000000 GHz

Ramp Up: 0200 ps Max Power: -3863 dBm

Ramp Down: 0.067 ps Min Power: -131 924 dBm
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Step Action Notes

NOTE The default setup of the Transmitter On/Off Power measurement is Single. Do not use Cont to let
the analyzer continuously sweep. The attenuator and preamplifier performs adjustment in every
sweep. If you turn Cont on, the device lifetime will be influenced.

3 Adjust the parameters  Press M ode Setup, Predefined This step can be ignored if you already
to see the more slot Parameters, MeasInterval, 15,  configured the required measurement
test result. then press Restart or Single. interval.

In this case. 13 analysis time slots are
the minimum value for a complete burst
to perform Burst Width and Ramp Down
test.

All the test results with the result for the
active slot on the bottom right of the
screen are shown in Figure 2-19.

NOTE Each time the parameter is modified, you need to press Restart or Single to initiate a sweep. The
yellow mark ( *) on the top right indicates Restart or Single was not performed after the
parameters were changed and the results are invalid.

Figure 2-19 LTE TDD & LTE-A TDD Downlink Transmit On/Off Power Measurement Result - 15 Time

Slots
Predefined —|

BE Keysight LTE TDD & LTE-A TDD - Transmit On Off Power
RE S0Q  AC | SENSE:INT| SOURCE OFF | /MALIGN OFF
Analysis Slotb
TS10

|01:05:45 PMMar 04, 2014
TimeSlot: T$10

—»— Trig: Externall Direction: Downlink
#|FGain:Low #Atten: 10 dB Num CC(s): 2

(l 20 Q
Meas Interval 15 slots Carrier Ref Freq: 2.600000000 GHz

RF Envelope
Ref 0.00 dBm

I

Meas Interval
15 slots

CP Lenglh’
Normal

B

||
Reference

0.0000 s 7.7000 ms Configr
Info Bw 25.00 MHz FlatTop Active CC(s) : 2 el

On Power: -16.437 dBm Burst Width: 6.786 ms

Slot Avg Pwr(dBm)  Slot Width(us)
-16.45 500.00
-16.44

164
RampUp: 0289 s Max Power: -3.875dBm 1;11

Trigger Diff: 0.020 ps Off Power: -105.476 dBm/MHz

Ramp Down: 0.067 ps Min Power: -150.715 dBm - 020

4 Select Rise & Fall Press View/Display, Rise & Fall. You can observe the detail during the
view. ramp up and down period in the Rise &
Fall view.
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Step Action Notes
Figure 2-20 LTE TDD & LTE-A TDD Downlink Transmit On/Off Power Measurement Result - Rise &
Fall view
BE Keysight LTE TDD & LTE-A TDD - Transmit On Off Power ==
| SENSE:INT| SOURCE OFF [ ANALIGN OFF |01:06:30 PM Mar 04, 2014 = =
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS10

o~ Trig: Externall Direction: Downlink
#IFGain:Low #Atten: 10 dB Num CC(s): 2

Display»

Rise & Fall
| e |
Ramp Line

off

7973 us 119.7 ps|| 6.866 ms Scroll>
Info Bw 25.00 MHz Info Bw 25.00 MHz

On Power: -16.437 dBm Burst Width: 6.786 ms

. . ~ hen ) Avg Pwr(dBm)  Slot Width(us)
Trigger Diff: 0020 ps Off Power: -105476 dBm/MHz

Ramp Up: 0289 ps Max Power: -3875dBm

Ramp Down: 0.067 ps Min Power: -150.715 dBm

5 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.
parameters from their
default condition.

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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Power Satistics CCDF M easurements

This section explains how to make the Power Statistics Complementary Cumulative
Distribution Function (Power Stat CCDF) measurement on aLTE TDD & LTE-A
TDD downlink signal. Power Stat CCDF curves characterize the higher level power
statistics of adigitally modulated signal.

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.
page 18.
2 Initiate the power Press M eas, Power Stat CCDF. The CCDF measurement result should
statistics CCDF look like Figure 2-21. The blue line is
measurement. the Gaussian trace and the yellow line is

the measurement result.

The Info BW is the channel band wid th

that will be used for data acquisition, the
default value is 6 MHz. You can manually
change the Info BW under the BW menu.

Figure 2-21 LTE TDD & LTE-A TDD Downlink Power Statistics CCDF Measurement Result

BN Keysight LTE TDD & LTE-A TDD - Power Stat CCDF ==
(I RF 50Q A [ SENSE:INT[ SOURCE OFF |  /MALIGN OFF [01:07:19 PMMar 04, 2014
Center Freq 2.600000000 GHz Center Freq: 2.600000000 GHz TimeSlot: TS10 Frequency
[ Trig: External1 Counts:7.65 M/10.0 MpDirection: Downlink
#FGain:Low #Atten: 10 dB Num CC(s): 2 Center Freq
2.600000000 GHz

Average Power Gaussian
9 100 %

-21.24 dBm
36.68 % at 0dB

100%  3.88dB
10%  7.00dB
01%  877dB
0.01%  9.95dB
0.001% 10.67 dB Carrier
0.0001 % 11.08 dB ] 2600000000 G

Peak 11.09dB

-10.15 dBm h Component
0.0001 % 0dB - Carrier Setup
Info BW 6.0000 MHz

MSG STATUS
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Step Action Notes
3 Turnreferencetrace Press Trace/Detector, Ref Trace  The reference trace is the same as the
on. (On) to represent the measurement trace. You can use the
user-definable reference trace Store Ref Trace key to copy the currently
(violet line). measured curve as the reference trace. It

will not change until you store the
reference trace again or choose the
other mode. The CCDF measurement
result with the reference trace should
look like Figure 2-22.

Figure 2-22 LTE TDD & LTE-A TDD Downlink Power Statistics CCDF Result - Reference Trace On
=T e

Trace

B Keysight LTE TDD & LTE-ATDD - Power Stat CCDF
u RF 50 0 AC | SENSE:INT| SOURCE OFF | M\ALIGN OFF | 01:08:55 PMMar 04,2014
Center Freq 2.600000000 GHz Center Freq: 2.600000000 GHz TimeSlot: TS10

[ Trig: External1 Counts:4.28 M/10.0 MpDirection: Downlink
#IFGain:Low #Atten: 10 dB Num CC(s): 2 Store
A p RefTrace
verage rower Gaussian

9 100 % e

RefTrace

21.22 dBm . - =
36.72 % at 0dB N [ |

Gaussian Line

On Off|

10.0% 3.88 dB

1.0% 7.00dB
0.1% 8.78 dB
0.01% 9.95dB
0.001 % 10.67 dB
0.0001 % 11.09 dB

Peak 11.09 dB
-10.13 dBm

o,
0.0001 % 0dB

Info BW 6.0000 MHz

MSG STATUS

4 Turn dot view on. Press View/Display, Slot View The CCDF measurement result with the
(On) to see the corresponding slot view should look like Figure 2-23.
analysis slots (blue bars).
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Action Notes

Figure 2-23

LTE TDD & LTE-A TDD Downlink Power Statistics CCDF Result - Slot View

| SENSE:INT[ SOURCE OFF |  A\ALIGN OFF [01:08:37 PM Mar 04, 2014

Center Freq: 2.600000000 GHz TimeSlot: TS10
Cp Trig: Externall Counts:4.48 M/10.0 MpDirection: Downlink
#IFGain:Low #Atten: 10 dB Num CC(s): 2

Average Power i
] 100 % Gaussian

-20.79 dBm t0%

36.86 % at 0dB -

0.1 %

001 %
10.0 % 3.63dB

1.0% 6.66 dB 0.001 %
0.1% 8.42 dB

0.0001 %ls—
001%  9.57dB Info BW 6.0000 MHz
0.001% 10.24 dB

0.0001 % 10.65 dB

Peak 10.65 dB
-10.14 dBm

MSG STATUS

ViewlDisplay

5 Optimizethe

Press M eas Setup, | F Gain to

measurement for your  optimize the measurement for your

signal level.

signal level. If you have a very high
or low level signal, selecting L ow
Gain or High Gain can improve
your accuracy. The default is Auto.

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the

instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.

Troubleshooting Hints

The power statistics CCDF measurement can assist in setting the signal power
specifications for design criteriafor systems, amplifiers, and other components. For
example, it can help determine the optimum operating point to adjust each code
timing for appropriate peak or average power ratio, or both, for the transmitter.
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Modulation Analysis M easurements

This section explains how to make the Modulation Analysis measurement on aLTE
TDD & LTE-A TDD downlink signal. The LTE Modulation Analysis measurement
allows you to measure LTE signals according to 3GPP TS 36.211.

For signal settings, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Enablethe LTE TDD Press Mode, LTE TDD &

& LTE-A TDD LTE-A TDD.

measurements.
2 Preset the mode. Press M ode Preset.

3 Set the center
frequency.

Press FREQ Channdl, Carrier
Ref Freq, 2.6, GHz.

4 Select the direction to
downlink.

Press M ode Setup, Direction to
be Downlink.
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Step

Making LTE TDD & LTE-A TDD Measurements

LTE TDD & LTE-A TDD Downlink Signal Measurement

Action

Notes

5 Configure the two
component carriers.

a.

Press M ode Setup,
Component Carrier Setup.

Press Num Component
Carriers, 2.

Press Configure Component
Carriers, Component
Carrier, CCO.

Press Freq Offset, -5 MHz

Press Bandwidth Setup,
System BW, 10 MHz (50
RB).

Press ULDLAlIloc,
Configuration 3
(DSUUUDDDDD).

Press DW/GP/Up Len,More,
Configuration 8.

Press Configure Component
Carriers, Component
Carrier, CC1.

Press Freq Offset, 5 MHz

Press Bandwidth Setup,
System BW, 10 MHz (50
RB).

Press ULDLAlloc,
Configuration 3
(DSUUUDDDDD).

Press DW/GP/Up Len,More,
Configuration 8.

Press Carrier Allocation,
Contiguous.

The measurement example here is
contiguous carriers. If the carriers are
non-contiguous, the Carrier Allocation
under Component Carrier Setup needs
to be changed.

You may press Mode Setup, Preset to
Standard and configure ULDLAlloc and
DW/GP/Up Len for both carriers. Preset
System Bandwid th will affect a list of
parameters, see “Preset to Standard
Settings” on page 123.

6 Initiatethe Modulation
Analysis measurement.

Press M eas, M odulation
Analysis.
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Step Action Notes

7 Recall the EVM Setup.  Press Recall, Data, Component In LTE TDD & LTE-A TDD Modulation
Carrier Setup, All (or select the  Analysis measurements, for easy and
specific CC) then Open..., afile quick parameter settings, The Recall
open dialog appears, under function is provided to automatically set
D:\Users\Administrator(Instrument  up the parameters for E-URTA Test
)\MyDocuments\LTEATDD\data\ev  Models E-TM1.1, E-TM2, E-TM3.1,
msetup folder, select the E-TM3.2 or E-TM3.3 in 3GPP standard.
appropriate test model file and click
open. This will apply the RB setup
and related parameters quickly. The
other parameters will not be
changed. The file
TDD-BW10MHz-ETM11.evms is
recalled for CCO and
TDD-BW10MHz-ETM31.evms is
recalled for CC1.

8 View theresult for Press View/Display, CC For The demodulation result for CCO should
CcCo. Preset Views, CCO then Preset look like Figure 2-24.
View: Basic.

Figure 2-24 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (CCO, 10
MHz bandwidth, E-TM1.1)

Bl Keysight LTE TDD & LTE-A TDD - Modulation Analysis

[ | & [
| SENSE:INT[ SOURCE OFF | /ALIGN OFF [01:26:22 PMMar 04,2014

d RE 500 AC - -
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz prrey o -, o | ViewlDisplay
t. Trig: Free Run Direction: Downlink

\FGain:Low — #Atten: 10 dB Num CC(s): 2

Display»>

Layout
Grid2x2
Eennnam—

Component
Carrier»
cco

[z
33616 || Start 300 carrier Stop 300 carrier Preset View:

TimeLen 280 Sym [ Res BW 15 kHz TimeLen 280 Sym Basic
|
Preset View:
Meas Summary!|
B |

Preset View:
RB Slot Meas
| |

More
10f2

Start0 carrier Stop 291.27 kcarrier

Res BW 327.818 Hz TimeLen 11.65084 ms |m i 3 N —l
MSG
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Making LTE TDD & LTE-A TDD Measurements
LTE TDD & LTE-A TDD Downlink Signal Measurement

Notes

9 View theresult for

Press View/Display, CC For

The demodulation result for CC1 should

CC1. Preset Views, CC1 then Preset look like Figure 2-25.

View: Basic. For more views and different trace
configuration, go to "Select views and
measurement result.”.

Figure 2-25 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (CC1, 10

MHz bandwidth, E-TM3.1)

BE Keysight LTE TDD & LTE-A TDD - Modulation Analysis
T

| SENSE:INT| SOURCE OFF |

‘Dl :25:39 PMMar 04, 2014

] Trig: Free Run
#Atten: 10 dB

trum (CC1)
Ref 30 dBm

Center 2.605 GHz
Res BW 327.818 Hz

IMSG

LayerD Erro

3.3516 | Start 300 cartier
TimeLen 280 Sym [ Res BW 15 kHz

Span 24.9999046326 MHz
TimeLen 11.65084 ms ¢

Carrier Ref Freq: 2.600000000 GHz

Ref90 %

TRACE
Direction: Downlink
Num CC(s): 2

~ Stop 300 cartier

TimeLen 280 Sym

o | & [l
Viewl/Display

Display»
e |

Layout
Grid2x2
| e E——— |

Component
Carrier»
cc1

Preset View:
Basic

Preset View:
Meas Summary

Preset View:
RB SlotMeas

More
10f2

101f the signal isnot astandard E-TM signal, you need to configure the parameter for each CC using the

following steps.

11 Select the component  Press M eas Setup, Component Then the parameters under Meas Setup
carrier to be Carrier, CCO. will be used for CCO.
configured.

12 Select the Press Meas Setup, Sync/Format It includes Sync Type, RS-PRS, Cell ID,
synchronization/format ~ Setup to set up the parameters. In~ Tx Antenna, MIMO Decoding and PDSCH
parameters. this case, all these parameters use  Cell Specific Ratio.

default values.
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Step Action Notes

13Select the Press M eas Setup, Meas Time The relationship among time parameters
measurement time Setup to set up the parameters. In is: Result Length is the capture length
parameters such as this case, all these parameters use  available for demodulation analysis. The
Result Length, Meas default values. time for analysis will begin from Meas
Interval Slot or Meas Offset Slot + Meas Offset Symbol and
Interval Symbol. last for Meas Interval Slot + Meas

Interval Symbol.

14 Set the power boost Press Meas Setup, Chan Profile  See an example of the Control Channels
level, - RSMBMS Setup, More, Edit Control window in Figure 2-26.
and CSl. Channels..., to open the Control

Channels window to adjust the
required power boost.

Figure 2-26 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Control Channels
Setup
IE Keysight LTE TDD & LTE-A TDD - Modulation Analysis =R
RF 500 AC | SENSE:INT| SOURCE OFF [ /MALIGN OFF [01:56:18 PMMar 05, 2014
Carrier Ref Freq: 2.600000000 GHz TRAGE DL Control
—»— Trig: Free Run Direction: Downlink T ————————
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2 Basic
Base | P-RGMBMS | Gl Parameters”
P-ss s-s8 PECH  PCFICH  CRS 7] Auto-detect conirol
Power Boost (dB) 0 [ ] 2 0 channel power levels |
PDCCH
Pawer Boast (dB) 1085+ Increments (dB) 1 P-RS/MBMS
Aliocations (Symbols per Subframe) Parameters
Subframe 0 1 2 3 4 5 3 7 2 ] [ Aute
# Symbols i i a b o i i i i i i |
PHICH CcSI-RS
Pawer Boast (dB) 301 +-Increments (4B) 1 7] Despread IQ Orthog Seq Index
Allocation (Ng) Duration Mi Definition Parameters
Auto
) Standard
Ao @16 "” 1 2 ) Nomal e
Extended

oK Cancel |

MSG .1 Use the Tab key to select a parameter field to edit STATUS

If all the defined users of the LTE TDD & LTE-A TDD Downlink signal have different modulation types (QPSK,
16QAM, or 64QAM), RB Auto-Detect will automatically perform the measurements. You can go directly to
"Change other measurement parameters.” and look at the measurement results. If the signal contains
any defined users that employ the same modulation type, you need follow the next step "Set up the User
Mapping table.” and use the RB manual detection to see the result for specific user.

TIP If you want to copy all autodetected allocations into the Resource Block Editor, press Copy Auto ->
Manual, then each autodetected modulation group will be assigned to a user. When RB Auto
Detect Mode is set to Power Based, User_01 will contain resource blocks with QPSK; User_02 will
contain resource blocks with T6QAM; and User_03 will contain resource blocks with 64QAM.
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Action Notes

NOTE To perform the following procedure, it is easier to use a mouse with USB connected to the

instrument.

If a mouse is not available, you can use the Tab key repeatedly until the required table cell or check
box is selected and the key menu appears, then enter the value from the front panel. Also, press
Enter to activate the knob function, then you can move the focus quickly using the knob. If you
finish the setup, you can select OK, or Cancel by pressing the Cancel (Esc) key on the front panel.

15Set up the User
Mapping table.

o o

o

Press M eas Setup, Chan Profile Setup, More, Edit User Mapping.
Deselect the RB Auto-Detect to turn RB auto detect off.
Click Add to add a user, User01 is shown.

Check the Mod Type and Power check box and select the value from the
pull-down menu.

Click the field “No Allocation Defined” and press Add to add the downlink
allocations and define RB Start, RB End, Slot Start and Slot End. You can use
the mouse to move the cursor between cells or press the front panel and
menu keys to enter the values.

Click the field that needs a value (e.g. RB Start) for Alloc01 to active the
Alloc01 (it will turn from grey to blue). Click Add to add other allocations.
The RB Mapping of PDSCH is shown below.

Add User02 and repeat steps d-e to assign RB for User02.
Click Ok to save the changes.
The RB Mapping of PDSCH is shown below.

TIP When the allocation is selected, there are four circles in the four corners of the block. You can
directly drag the circles to allocate the RB.
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Step Action Notes
Figure 2-27 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Edit User Mapping
BN Keysight LTE TDD & LTE-A TDD - Medulation Analysis (==
( RF 509 AC | SENSE:INT] SOURCE OFF |  /M\ALIGN OFF [04:24:03 PMMar 05, 2014 .
RB Start 28 Carrier Ref Freq: 2.600000000 GHz fo=a - - | DL Allocations
—»— T1rig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2 RB Start
EES:;;:::L:‘% EPRE gL Presenll\nclude|l£ii€&i§ﬁ * pen | nscio yrTR 28
Multi-Frame Analysis = = -
S Mooy (B =) et . fre e ] ﬁ
n
POSCH g [oF Per-allocation Parame«erscnuple [P — g
B g i z E |
- RE End 4 43
S -
cop CDD ( 0] [t 0 | (e
Codebook ;ZL? i:ﬁype [apsk | ?}PSK QPSK %I —
i CWO Power (dB) 0 [o 0
CW1 Mod Type [¥/][ QPSK QPsK QpPsK SlotEnd
CW1 Power (dB) 0] [0 0 poe
Frame Index [ | Frame0 [Framed ~ || Frame0 ~|[
C ok ) Conat )
RE Mapping of PDSCH for Frame 0
: b | ukfou E————
RE
|
More
. 10f3
MSG .1 Use the Tab key to select a parameter field to edit STATUS
16 Change other Press M eas Setup to see the keys
measurement that are available for the Average
parameters. Setup and Advanced settings to
change measurement parameters
from their default condition.
17 Select the other Press M eas Setup, Component

Carrier and select the carrier,
then repeat the above procedure
from "Select the
synchronization/format
parameters.”

component carrier to
be configured.

TIP
directly use M eas Setup, Copy CCOto, CC1L.

If the configuration for other component carriers (such as CC1) is the same as CCO0, you may

Press View/Display to select
different views, the following
screen captures show the example
of Preset View: Basic, Preset
View: Meas Summary, Preset
View: RB Slot Meas, Preset
View: Subcarrier Meas, Preset
View: MIMO Summary and
Preset View: Cross-Carriers.

18 Select views and
measurement result.

The preset view is a Grid 2x2 layout
which consists of 1Q Meas, Spectrum,
Error Vector Spectrum and Error
Summary.
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Step Action Notes

TIP You can select window control keys or double click the mouse to expand one of the 4 windows and
look into more details for every measurement result. Pressing the window control keys again or
double clicking the mouse again will take you back to 4 display windows.

Figure 2-28 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (Preset
View: Meas Summary)

BM Keysight LTE TDD & LTE-A TOD - Modulation Analysis

[ e |

| SENSE:INT[ SOURCE OFF [ A\ALIGN OFF | 04:38:30 PMMar 05, 2014 - _
Carrier Ref Freq: 2.600000000 GHz foes > - | ViewlDisplay

[ Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Display»
| e |

Layout
Stack2
| e —— |

Component
Carrier>
cco

|||
Preset View:
Basic

| B ——
MNum.RE Preset View:
Meas Summary
| s |
Preset View:
RB SlotMeas
| |

More
10f2

This preset view provides the Error Summary and Frame Summary, which are the composite result metrics and
characteristics of each of the logical channels.
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Step Action Notes

Figure 2-29 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (Preset
View: RB Slot Meas)

BE Keysight LTE TDD & LTE-A TDD - Modulation Analysis

| SENSE:INT| SOURCE OFF |  /MALIGN OFF [04:41:48 PMMar 05, 2014
Carrier Ref Freq: 2.600000000 GHz TRACE
) Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Ref12 dB

Start0 RB Stop 49 RB
Res BW 15 kHz TimeLen 40 Slot

Timne {
Ref 9.5 dB

Stop 59 slot [ Start 140 slot Stop 179 slot

This preset view is a Grid 2x2 layout, which provides details on the Resource Block with RB Power vs.
Spectrum, RB Error Mag Spectrum, RB Power vs. Time and RB Error Mag Time.

TIP Select one of the window using the control keys or single click then press AMPTD Y Scale, Auto
Scale to have a more appropriate view.
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Action Notes

Figure 2-30

LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (Preset
View: Subcarrier Meas)

BE Keysight LTE TDD & LTE-A TDD - Medulation Analysis
RF 500 AC

Carrier Ref Freq: 2.600000000 GHz
i, Trig: FreeRun

=5 )
| SENSE:INT] SOURCE OFF |  A\ALIGN OFF |04:46:24 PMMar 05, 2014 . .

TRACE Viewl/Display
e
IFGain:Low Atten: 10 dB (Elec 0)

Direction: Downlink
Num CC(s): 2

PresetView:
Subcarrier Meas

[
PresetView:
MIMO Summary
E—
PresetView:
Cross-Carriers

QOFDii
Ref4 dB

Start -300 carrier

Stop 300 carrier

Res BW 15 kHz TimeLen 280 Sym
or Time (CCQ) 5

Ref3 % Ref4 dB

)

Stop 419 sym | Start 140 sym

Start 140 sym Stop 419 sym

This preset view is a Grid 2x2 layout, which includes Error Vector Spectrum, 1Q Meas (Log Mag), Error Vector
Time and IQ Meas Time (Log Mag).
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Step Action Notes

Figure 2-31 LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (Preset
View: MIMO Summary)
B Keysight LTE TDD & LTE-A TDD - Modulation Analysis [

RF 500  AC | SENSE:INT| SOURCE OFF | /NALIGN OFF |04:47:21 PM Mar 05,2014 o .
Carrier Ref Freq: 2.600000000 GHz TRACE ViewlDisplay

] Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2 PresetView:
Ch1 OFDM Eq Chan Fraq 0) Subcarrier Meas
Ref04 dB I ——
Preset View:
MIMO Summary
stz
Preset View:
Cross-Carriers
Start 300 carrier Stop 300 carrier
TimeLen1 Sym

This preset view provides a MIMO Information Table and Channel Frequency Response.
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Step Action
Figure 2-32

Notes

LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (Preset
View: Cross-Carriers)

rﬁ Keysight LTE TDD & LTE-A TDD - Modulation Analysis

(o[- ]
| SENSE:INT| SOURCE OFF [ /MALIGN OFF

\06:09:04 PMJul 17, 2014 . _
Carrier Ref Freq: 2.600000000 GHz pore 1> -, | ViewlDisplay
—— Trig: Free Run

Direction: Downlink
Atten: 10 dB (Elec 0) Num CC(s): 2

Preset View:
Subcarrier Meas

|||
Preset View:
MIMO Summary
||
Preset View:
Cross-Carriers

MSG

STATUS

This preset view provides the Error Summary of each Component Carrier and Cross-Carriers Summary

information about the Time Alignment Error (TAE) and Channel Power for each component carrier (CCx)
relative to the selected Reference Component Carrier (Reference CC).

TIP

Also, you can customize the view to show available data in different windows. Press
View/Display, Layout, Grid2x3, Trace/Detector, Select Trace, Data to customize the view.

Figure 2-33 shows the Error Summary and Frame Summary together with the constellation for
both CCO and CC1. The colors used in these three windows are related.
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Step Action

Notes

Figure 2-33
CC1 (Customized View)

LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result - CCO &

=R =

BN Keysight LTE TDD & LTE-A TDD - Modulation Analysis
€ysig i
. =

RF 500 AC
Carrier Ref Freq 2.600000000 GHz

2.055
Res BW 15 kHz TimeLen 280 Sym

2.0457
Res BW 15 kHz TimeLen 280 Sym

| SENSE:INT[ SOURCE OFF |

/M ALIGN OFF ‘DS:DD:SE PMMar 05, 2014

Carrier Ref Freq: 2.600000000 GHz
o Trig: Free Run
-

IFGain:Low

Atten: 10 dB (Elec 0)

TRACE TracelDetector

Direction: Downlink
HumCL )2 Select Trace

Trace &

CCFor
Selected Trace»
cc1

|
1 Data
N | Frame Summary
-JESESE S |
Format

Log Mag (dB)
| |
CCFor
All Traces
|
Digital Demod’

Trace Setup

e |

More
10f3

IMSG

!I

19L ook into individua
physical signalsand
channels.

Press M eas Setup, Channel
Profile Setup to see all channels
that can be included or excluded.

Observing individual signals or channels
will provide you with specific information
of different signals or channels, this is
helpful for troubleshooting.

You can press each channel to include it
or exclude it or you can press Composite
Include to Include All or Exclude AlL. If
the channel is included, the data in this
channel will be included in the EVM
analysis. The example below shows that
only the Primary Synchronization Signal
is included and all other channels are
excluded.
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Action Notes

Figure 2-34

LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (P-SS)

BN Keysight LTE TDD & LTE-A TDD - Modulation Analysis = ||| [
( | SENSE:INT[ SOURCE OFF |  M\ALIGN OFF [05:17:16 PM Mar 05, 2014
Carrier Ref Freq: 2.600000000 GHz frs > . . | Include Channels
) Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2 pP-sS
Include Exclude
||
S-SS
Include Exclude
| es——" |
PBCH
Include Exclude
||
33761 || Start 300 carrier Stop 300 carrier PCFICH
TimeLen 280 Sym || Res BW 15 kHz TimeLen 280 Sym QIH0T:0) Exclude
||
PHICH
_| |Include Exclude
|
C-RS
Include Exclude
| essr—— |
More
10of2
Span 24.9999046326 MHz

Center 2.805 GHz
TimeLen 11.65084 ms

Res BW 327.818 Hz

' Ranlin -
IM SG STATUS

If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the

instrument here:
C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Conformance EVM M easurement

This section explains how to make the Conformance EVM measurement on aLTE
TDD & LTE-A TDD downlink signal. For the detailed instruction about this
measurement, see “LTE & LTE-A Conformance EVM Measurement Concepts” on
page 216.

Setting the Downlink Signal

For signal setting, see “Setting the Downlink Signal” on page 16.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Downlink)” on configured it in other measurements.
page 18.
2 Initia Conformance Press M eas, Confor mance

EVM measurement. EVM.

3 Recall the EVM Setup.  Press Recall, Data, Component In LTE TDD & LTE-A TDD Modulation
Carrier Setup, All (or select the  Analysis measurements, for easy and
specific CC) then Open...,afile  quick parameter settings, the Recall
open dialog appears, under function is provided to automatically set
D:\Users\Administrator(Instrument  up the parameters for E-URTA Test
)\MyDocuments\LTEATDD\data\ev ~ Models E-TM1.1, E-TM2, E-TM3.1,
msetup folder, select the E-TM3.2 or E-TM3.3 in 3GPP standard.
appropriate test model file and
click open. This will apply the RB
setup and related parameters
quickly. The other parameters will
not be changed. The file
TDD-BW10MHz-ETM11.evms is
recalled for CCO and
TDD-BW10MHz-ETM31.evms is
recalled for CC1.

NOTE You may make the parameters setting in the Modulation Analysis measurement also apply to the
Conformance EVM measurement. Press M eas Setup, Copy from Mod Analysis.

TIP If the configuration for CC1 is the same as CCO, you may directly use View/Display, Component
Carrier, CCO, Copy CCOto, CCL

4 Select views. Press View/Display then select
views: M easurement List,
Parameter List, and Result
Metrics.
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Action
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LTE TDD & LTE-A TDD Downlink Signal Measurement

Notes

Figure 2-35

LTE TDD & LTE-A TDD Downlink Conformance EVM Measurement List

BN Keysight LTE TDD & LTE-A TDD - Conformance EVM (==
RF 50Q AC | SENSE:INT] SOURCE OFF |  /M\ALIGN OFF [05:46:02 PMMar 05, 2014 . =
Carrier Ref Freq: 2.600000000 GHz ViewlDisplay
) Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2
Measurement Measurement Item = Display>
Component Carrier CCO EVM _
EVM Sym Time Adjust T ————————————
EVM Pk Measurement
EVM Pk Index List»
EVM Peak Sub Car Index [SEEWRILCH]
Data Evi . ||
3GPP-defined QPSK EVM 5
3GPP-defined 16QAM EVM P L
3GPP-defined 64QAM EVM (cco)
RSEVM | ||
RS Tx Power
OFDM Symbol Tx Power B Result Metrics
Freq Err
Sync Correlation JOSO O VIITTo—
Sync Type
Common Tracking Error Component
Symbel Clock Error Carrier>
Time Offset ey
1Q Offset | I
1Q Gain Imbalance
1Q Quad. Error CopyCCOTo»
1Q Timing Skew

CP Length Mode

Cell ID

Cell ID Group/Sector
RS-0OS/PRS

Reference Signal Rx Power

Ref si Rx Quality |~

STATUS

Figure 2-36

LTE TDD & LTE-A TDD Downlink Conformance EVM Parameter List

BE Keysight LTE TDD & LTE-A TDD - Conformance EVM

Number of Ant Elements 2

| SENSE:INT] SOURCE OFF |

/M ALIGN OFF

[05:42:32 PMMar 05, 2014

. Trig: Free Run

Carrier Ref Freq: 2.600000000 GHz

Direction: Downlink

0.000 dB

IFGain:Low - Atten: 10 dB (Elec 0) Num CC(s): 2

Name [ scpi Value |-
Number of Ant Elements :CEVﬁ:CCARnerU:DLINk:AENumber 2|=
Ant Element Spacing :CEVM:CCARrier0:DLINK:AE SPacing 0500
DL, PDSCH Cell Specif... :CEVM:CCARrier0:DLINK:PDSCh:C SRatio R1
Downlink Add User :CEVM:CCARrier0:DLINK:PROFile:ADD:USER Immediate
DL Auto Det Ctrl Chan... :CEVM:CCARrier0:DLINK:PROFile:AUTO:DETect:CCPower off
DL RBE Auto Det Mode :CEVM:CCARrier0:DLINk:PROFile:AUTO:DETect:MODE POWer
DL RB Aute Det Power :CEVM:CCARrier0:DLINk:PROFile:AUTO:DETect:POWer On
DL RB Auto Det Power... :CEVM:CCARrier0:DLINk:PROFi UTO:DETect:POWer:PMODe off
DL, Power Boost Round  :CEVM:CCARrier0:DLINK:PROFile:AUTO:DETect:POWer:ROUNd On
DL Auto, PDSCH Code... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:CBINdex 0
DL Auto, PDSCH Prec... :CEVM:CCARrier0:DLINK:PROFi WUTO:PDSCh:CDD WOCDd
DL Auto, Number of C... :CEVM:CCARrier0:DLINk:PROFile:AUTO:PD SCh:NCODewords 1
DL Auto, Number of L: :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:NLAYers 1
DL Auto, PDSCH Prec... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:PRECoding OFF
CW1 16QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAM16:CWONe:ENABle On
CW1 16QAM Power Bo... :CEVM:CCARrierD:DLINK:PROFile:AUTO:PD SCh:GAM16:CWONe:PWRBoost 0.000 dB
CWO0 16QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAM16:CWZero:ENABIe Oon
PDSCH 16QAM EPRE :CEVM:CCARrier0:DLINk:PROFile:AUTO:PD SCh:QAM16:EPRE 0.000 dB
CW0 16QAM Power Bo... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAM16:PWRBoost 0.000 dB
CW1 64QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAME4:CWONe:ENABIe On
CW1 64QAM Power Bo... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAMG4:CWONe:PWRBoost 0.000 dB
CWO0 64QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAMG4:CWZero:ENABIe On
PDSCH 64QAM EPRE :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAMG4:EPRE 0.000 dB
CWO0 640AM Power Bo... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QAMG4:PWRBoost 0.000 dB
CW1 QP SK Enable :CEVM:CCARrier0:DLINk:PROFile:AUTO:PDSCh:QP SK:CWONe:ENABle On
CW1 QPSK Power Boost | :CEVM:CCARrier0D:DLINk:PROFile:AUTO:PD SCh:QP SK:CWONe:PWRBoost 0.000 dB
CW0 QP$K Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PD SCh:QP SK:CWZero:ENABle On
PDSCH QPSK EPRE :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QP SK:EPRE 0.000 dB
CWO0 QPSK Power Boost | :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QPSK:PWRBoost 0.000 dB
PMCH Auto Powor Bo. :CEVM:CCARrier0:DLINK:PROFile:AUTO:PMCH:PWRBoost

Parameter List

Value
2

STATUS
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Step

Action Notes

NOTE The parameter name, related SCPI and values are listed in the Parameter List view in a tabular
format. You can send the SCPI to change the parameters or you can manually change them by
selecting the parameter using the knob or up and down arrows then enter the value using front
panel keys.

For other Component Carrier settings, press View/Display, Component Carrier then select the
carrier (such as CC1), the Parameter List will be changed to CC1.

Figure 2-37

LTE TDD & LTE-A TDD Downlink Conformance EVM Result Metrics

BE Keysight LTE TDD & LTE-A TDD - Conformance EVM

[E=mEn
| SENSE:INT| SOURCE OFF | A\ALIGN OFF |05:46:52 PM Mar 05, 2014 . .
Carrier Ref Freq: 2.600000000 GHz ViewlDisplay
G Trig: Free Run Direction: Downlink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

[ Measurement]| ~ Measurementitem|  Resuit[8 =R
——
- T EvMSym TimeAdiust]  EVMWindowEnd [l
- ewmmx OF | Measurement
- EvMiPkindex| 268 List>
- T EVMPesksubGarindex| 285 [Shevaion
Y -~ =] taterwrms (WL
T 3GPPdcfmedQPSKEVM|  1.3228 %rms :
T acepdemmeatsaamevm| (W
T acPPdefinedesaamMEVM] e
- msewm 11806 %rms (fifl )
- RsTxPower] ______ -47.5aBm|
- oD SymbolTxPower]  -i937dBm|
- FreqEm| _____ asi.75mmi
T SyncComeltion]  9a.ns2 v [| [
|
- e e | s
- GommonTrackingEror| ___ 1.2009 %rms| Component
- symholClockError] _____ -0.00053ppm| Camieng
- Timeomser]  &&terms S
- aome ] e
- aGanimbaance] 000048
- T GuadErmor] 11338 mdeg [IINCTTIVLIR 8
- T iaTmingskew|  7sazaps]
- T CPlengthMode]  Normal
- eemm| 1]
- T cellibGroupisestor] ___________on]
 scee]
-10.789 dB I

Result Metrics

I RS-0S/PRS

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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LTE TDD & LTE-A TDD Uplink Signal M easurement

The section describes how to make the measurements for the LTE TDD & LTE-A
TDD Uplink Signal, the measurement procedure with screen captures of the
measurement examples are provided.

NOTE

For the SCPI commands and a detailed description of keys and parameters, refer to
N9082B LTE TDD & LTE-A TDD Measurement Application User’s and
Programmer’s Reference.

Configuring the M easurement System

Figure 2-38

Mobile Station Measurement System

See the connection of the equipment bel ow.

Mobile Sation Test System

Frequency
Reference

EXT REF IN | X-Series Signal Analyzer
Z N\

8500
Oooooo opoo

0
© 00 * O

alatatitatat

©

OC)
(=
poooo 0000

oooo

O = ooo ooo oo

RF OUTPUT RF INPUT

4

1. Connect the Output port of the MSto the RF Input of the Signal Analyzer.

2. Connect External Reference OUT port of the MS to the EXT REF IN port of the
analyzer.

Setting the Uplink Signal (Example for Power M easurement)

In this example, Keysight N7625B Signal Studio for 3GPP LTE-A TDD, isused to
generate the waveform for testing.

Center Frequency: 2.6 GHz

Output Power:  —10 dBm (at analyzer input)
Component Carriers. 2 (CCO and CC1)

Uplink Downlink Configuration: O

Special Subframe Configuration: 0

Channel Configuration: Full filled QPSK 10MHz (50 RB)
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System Bandwidth: 10 MHz (50 RB) + 10 MHz (50 RB)
Antennas: 1
Cyclic Prefix: Normal
Transport Channel: UL-SCH = On, 0 dB, Channel Numbers 1-6
Physical Channel: PUSCH = On, 0 dB, 6 Channels, RB 1-2, ..., 11-12
Resource Block: Slot = 4-9, 14-19

Power =0dB

PUSCH RB = 0-49

Figure 2-39 Sgnal Sudio Mapping (Uplink Signal)
File View Control System Toeols Help
(e = | 1 2| &
;- Quick Setups |Conﬁguration : Full filled QPSK 10MHz (50 RE)
- Hardware
| b Instrument Predefined Config. | "UL RMC Wizard
i Licenses . .
EI Wawveform Setup Uplink Setup [ Hint
Bl- Carrier Aggregation 1 B 1. Cell Parameters -
E| Compeonent Carrier 1 State On
Bl Downlink Total Number of Antennas 1 Antenna
- Transport Chann | Aptenna Port 0
- Physical Channe PUSCH DFT Swap Off
- Resource Block  |E 2. Sounding Reference Signal
: a State Off
[l - Transport Chann Power 0.000 dB
; - Physical Channe Group/Sequence Hopping Off
- Resource Black Subframe Configuration i}
Bl Component Carrier 2 Maximum UpPTS Off
- Downlink Mumber of Format 4 PRACH 0.0
i b Transport Chann Cwelic Shift (nSES CS) 0 ﬂ
:';\;?E:ECQIZZTCE | .Cell Specific RS | .Physic:al Channel | .Trclnsport Channel
B Uplink
- Transport Chann
- Physical Channe

- Resource Block

4 | [ r

Ready |Connected

68



Making LTE TDD & LTE-A TDD Measurements
LTE TDD & LTE-ATDD Uplink Signal Measurement

Common M easurement Procedure (Uplink)

NOTE The following procedures are used in all Power measurements.
Step Action Notes
1 Enablethe LTE TDD & Press Mode, LTE TDD & LTE-A TDD.

LTE-A TDD measurements.

2 Preset the Mode. Press M ode Preset. Only do this to return the
measurement settings to
a known state for all
measurements in the LTE
TDD & LTE-A TDD mode.

3 Select the direction to Press M ode Setup, Radio, Direction to
Uplink. be Uplink. Downlink is the default setting.
4 Set the carrier reference Press FREQ Channel, Carrier Ref The center frequencies of
frequency. Freq, 2.6, GHz. carriers are defined as
offset frequency from this
value.

NOTE You may need change the Center Freq and Center Freq Offset settings to satisfy the channel
spacing requirement according to the 3GPP standard.
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Step Action

Notes

5 Configurethetwo component a.

Press M ode Setup, Component

The measurement

carriers. Carrier Setup. example here is
b. Press Num Component Carriers, 2. con’glguous carriers. If the
carriers are
c. Press Configure Component non-contiguous, the
Carriers, Component Carrier, CCO. Carrier Allocation under
Component Carrier Setup
d. Press Freq Offset, -5 MHz
™ needs to be changed.
e. Press Bandwidth Setup, System BW,
P.Sy You may press Mode
10 MHz (50 RB).
Setup, Preset to Standard
f.  Press ULDLAIlloc, Configuration O and configure ULDLAlloc
(DSUUUDSUUU). and DW/GP/Up Len for
g. Press DW/GP/Up Len, More, both carriers. Preset
Configuration 0. System Bandmdth will
_ affect a list of
Carriers, Component Carrier, CC1. g Standard Settings”
i. Press Freq Offset, 5MHz. on page 123.
j- Press Bandwidth Setup, System BW,
10 MHz (50 RB).
k. Press ULDLAlloc, Configuration O
(DSUUUDSUUU).
. Press DW/GP/Up Len, More,
Configuration 0.
m. Press Carrier Allocation,
Contiguous.

6 Select the predefined Press M ode Setup, Predefined Analysis Slot is defined as
parameters such as Analysis ~ Parametersto set up the parameters. the first slot for analysis.
Slot, Meas Interval or CP Configure Analysis Slot to be TS4, Meas
Length Interval to be 6 slots. CP Length to be

Normal.
NOTE The settings under Mode Setup and Predefined Parameters are used for power measurements,

which do not apply to the Modulation Analysis measurement.
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LTE TDD & LTE-ATDD Uplink Signal Measurement

Notes

7 Turn on the Gate View and

set up the Gate function.

Press Sweep/Control, Gate, Gate View

(On).

Turning Gate View On or
Off would not influence
Gate View Sweep Time. It
is initialized by Mode
Preset or Analysis Slot in
Mode Setup, Predefined
Parameters.

You can change the Gate
View Sweep Time, Gate
Delay or Gate Length to
see other parts of the
data frame.

TIP LTE TDD & LTE-A TDD is a burst signal. To obtain correct results, the Gate function (Sweep/Control,

Gate, Gate) is turned on by default.

NOTE For the LTE TDD & LTE-A TDD uplink signal, the Periodic Timer is used in Gate Source for the Gate
function instead of External 1, therefore in the Gate view, the Analysis Slot does not work for the
uplink signal. To obtain the correct Gate View, you need adjust the Gate Delay (under
Sweep/Control, Gate) according to the actual burst. If the trigger is available for MS and connected
to the analyzer, you can change the Gate Source to External 1 so that you do not need to configure
the Gate Delay manually. For the details on the Gating function, see “Time Gating Concepts” on

page 182.
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Monitor Spectrum M easurements

This section explains how to make a Monitor Spectrum measurement onaLTE TDD
& LTE-A TDD uplink signal. The Monitor Spectrum measurement is the default
measurement inthe LTE TDD & LTE-A TDD mode. It shows a spectrum domain
display of the test signal. The primary use of Monitor Spectrum is to allow you to
visually make sure you have the RF carrier available to the instrument, and the
instrument is tuned to the frequency of interest.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.
page 69.
2 Initiate the Monitor Press M eas, Monitor Spectrum. The default display shows the Current
Spectrum (yellow trace) data. You can compare
measurement. current trace with the Max Hold trace,

Min Hold trace or Averagetrace using
the setup under Trace/Detector.

Press Trace/Detector, Select Trace
and select the trace 1, then turn Update
to Off . Select trace(s) desired for
display and the detector type like Max
Hold, toggle Display to Show. Then,
press Update to On to see the timely
update trace.

3 Set the measurement Press SPAN X Scale, enter a The Monitor Spectrum measurement
span frequency. numerical span using the with the gate view on should look like
front-panel keypad, and select a Figure 2-40.

units key, such as 25 MHz You can change the Gate View Sweep

Time, Gate Delay or Gate Length to see
other parts of the data frame.

You may also want to change the Gate
View Setup for a convenient gate view.
Here the Gate View Start Time is set to 4
ms.
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Step Action Notes

Figure 2-40 LTE TDD & LTE-A TDD Uplink Monitor Spectrum Measurement Result - Gate View On

Bl Keysight LTE TDD & LTE-A TDD - Monitor Spectrum
0

| SENSE:INT| SOURCE OFF [ A\ALIGN OFF [09:48:20 AM Maros, 2014
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4
Gate: LO C, Trig: FreeRun Direction: Uplink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Gate View Sweep Time 20.0 ms

Ref 0 dBm

Center 2.6 GHz Span 25 MHz
#Res BW 100 kHz #VBW 1 MHz Sweep 2.333 ms

IMSG

STATUS

4 (Optional) Turn on Press Marker Function, You can choose Maker Noise,

Marker function. Marker Noise. Band/Interval Power, Band/Interval
Density or Marker Function Off. You can
use Band Adjust to set the frequency
span for analysis. The Figure 2-41
shows an example of Marker Noise.
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Step Action Notes

Figure 2-41 LTE TDD & LTE-A TDD Uplink Monitor Spectrum Measurement Result - Marker Noise

BH Keysight LTE TDD & LTE-A TDD - Menitor Spectrum

RF | SENSE:INT| SOURCE OFF [ /IALIGN OFF | 10:03:28 AM Mar 06, 2014
10.00 Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4

] Trig: Free Run Direction: Uplink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Band Span

Gate: LO

2.6100000 GHz

Gate View Sweep Time 20.0 ms

Mkr1 2.605 GHz
Noise -89.46 dBm/Hz

TR AT

Ref 0 dBm

Center 2.6 GHz Span 25 MHz
#Res BW 100 kHz #/BW 1 MHz Sweep 2.333 ms

STATUS

IMSG

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the

instrument here:
C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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|Q Waveform (Time Domain) M easurements

This chapter explains how to make a Waveform (time domain) measurement on a
LTETDD & LTE-A TDD uplink signal. The measurement of | and Q modul ated
waveforms in the time domain disclose the voltages which comprise the complex
modulated waveform of adigital signal.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes

1 Performthecommon  See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.

page 69.

2 Initiatethe 1Q Press Meas, | Q Waveform. The default display in Figure 2-42
Waveform shows the RF Envelope with the current
measurement. data. The measured values for the mean

power and peak-to-mean power are
shown in the text window.

Figure 2-42 LTE TDD & LTE-A TDD Uplink 1Q Waveform Measurement Result

Fﬁ Keysight LTE TDD & LTE-A TDD - 1Q Waveform T
{ RF 500 AC [ SENSE:INT| SOURCE OFF | /WALIGN OFF __10:05:22 AM Mar06, 2014
Center Freq 2.600000000 GHz Center Freq: 2.600000000 GHz o ] Frequency
C,0 Trig: Externalt Direction: Uplink
IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2 CenterFreq
2.600000000 GHz

Ref 10 dBm

0.0000 s 10.0000 ms
Digital IF BW 6.0000 MHz Gaussian 150001 samples

2,600000000 GHz
Mean Pwr (Entire Trace) Current Data

-24.59 dBm Max Pt -13.72 dBm Component
Pito-Mean 10.87 dB Min Pt 1314 dBm N

MsG STATUS
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Step Action Notes
3 SelectthelQ Press View/Display, 1Q The 1Q Waveform window provides a view
Waveform view. Wavefor m. of the | (yellow trace) and Q (blue trace)

waveforms on the same graph in terms of
voltage versus time in linear scale.

Figure 2-43 LTE TDD & LTE-A TDD Uplink Waveform Measurement - I/Q Waveform View

rﬁ Keysight LTE TDD & LTE-A TDD - IQ Waveform ==
J RF 500 AC | SENSE:INT| SOURCE OFF | A\ALIGN OFF _|10:08:26 AM Mar06, 2014
Ref Level 0.000 V Center Freq: 2.600000000 GHz Amptd/Y Scale
] Trig: Externall Direction: Uplink
IEGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

YRef 0%

Digital IF BW 6.0000 MHz Gaussian 150001 samples

[MSG STATUS

4 Adjust the scale. Pressthe AMPTD Y Scaleand Auto Scaling is also provided to have an
SPAN X Scale and configure the appropriate view.
setup until the waveforms are
shown at a convenient voltage
scale for viewing.

5 Turnon Marker Press the Maker Function key to
functions. use Maker Noise, Band/Interval
Power, Band/Interval Density and
Marker Function Off. You can use
Band Adjust to set the frequency
span for analysis.

6 (Optional) Change Press the M eas Setup key to see
measurement the keys available to change.
parameters from their
default condition.
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If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Channd Power M easurements

This section explains how to make a Channel Power measurement onaTDD LTE
uplink signal. Thistest measures the total RF power present in the channel. The
results are shown in a graph window and in atext window.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.
page 69.
2 Initiate the channel Press M eas, Channel Power. The Integration BW is shown within the
power measurement. two white lines. The Channel Power

measurement result should look like
Figure 2-44.The graph window and the
text window show the absolute power
and its mean power spectral density
values.

Figure 2-44 LTE TDD & LTE-A TDD Uplink Channel Power Measurement Result - Gate View On

BB Keysight LTE TDD & LTE-A TDD - Channel Power =R
"

RF 509 AC | SENSE:INT| SOURCE OFF | /h\ALIGN OFF [10:09:06 AM Mar0s, 2014
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 Frequency

G Trig: Free Run Avg|Hold: 78/200 Direction: Uplink
#IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2

Gate View Sweep Time 20.0 ms

Ref -10.00 dBm

Span 24 MHz

#Res BW 100 kHz VBW 2.4 MHz Sweep 2.867 ms| Carrier

RefFreq
Channel Power Comp Carrier _Carrier Power 2.600000000 GHz

[ ol 207 dBm 10.00Me]
-17.46 dBm /20 MHz [cei 2027 dom /foo0wz]
c:)mponent’

Power Spectral Density Carrier Setup

-90.47 dBm /Hz

MSG STATUS

3 (Optional) Display the  Press View/Display, Bar Graph. The Bar Graph view result should look
Channel Power Bar like Figure 2-45.
Graph view.
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Step Action Notes
Figure 2-45 LTE TDD & LTE-A TDD Uplink Channel Power Measurement Result - Bar Graph On

BN Keysight LTE TDD & LTE-A TDD - Channel Power
i

[ SENSE:INT[ SOURCE OFF [  /\ALIGN OFF

RF ‘lﬂ:DD:SiAM Mar0a6, 2014
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz

TimeSlot: TS4

[E=RERE=
ViewlDisplay

[ ] Trig: Free Run Avg|Hold:>200/200 Direction: Uplink
#IFGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2
Display»
T |
Power Results
T |
Gate View Sweep Time 20.0 ms Carrier Info
[Freq:Offset]
Ref -10.00 dBm

-20.7 dBm
Center 2.6 GHz
#Res BW 100 kHz Sweep 2.867 ms
Channel Power ier  Carrier Power
-17.46 dBm /20 MHz [ cct| 207 dm (10.00mr
Power Spectral Density

-90.47 dBm /Hz

IMSG

4 Display the Carrier Press View/Display, Carrier The result should look like Figure 2-46.
Info view. Info.
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Step Action Notes
Figure 2-46 LTE TDD & LTE-A TDD Uplink Channel Power Measurement Result - Carrier Info
r'ﬁ Keysight LTE TDD & LTE-A TDD - Channel Power (=R
7 RF | SENSE:INT| SOURCE OFF | AMALIGN OFF [10:10:54 AM Mar 06, 2014 _ .
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4
Gate: LO (. Trig: FreeRun Avg|Hold:>200/200  Direction: Uplink
#FGain:Low Atten: 10 dB (Elec 0) Num CC(s): 2
Display®»

[
Power Results

Gate View Sweep Time 20.0 ms Carrier Info

[Freq:Offset]

Ref -10.00 dBm

Center 2.6 GHz
#Res BW 100 kHz VBW 2.4 MHz Sweep 2.867 ms|

Total Power -17.46 dBm/20MHz Total PSD -90.47 dBm/Hz RF-BW 20.00 MHz

Carrier Pwr | Carrier PSD | Integ BW | Filter  Offset Freq Measure
1 -2067 dBm  -90.67 dBm/Hz 10.000 MHz OFF -5.0000 MHz On
2|-20.27 dBm |-90.27 dBrm/Hz | 10.000 MHz |OFF  |5.0000 MHz |On

STATUS

5 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.
parameters from their

default condition.

If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Occupied Bandwidth M easurements

This chapter explains how to make the Occupied Bandwidth measurement onaLTE
TDD & LTE-A TDD uplink signal. The instrument measures power across the band,
and then calculates its 99.0% power bandwidth.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes

1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.

page 69.

2 Initiate the Occupied Press M eas, Occupied BW. The Occupied BW measurement results
Bandwidth should look like Figure 2-47.
measurement.

Figure 2-47 LTE TDD & LTE-A TDD Uplink Occupied BW Measurement Result - Gate View On

B Keysight LTE TDD & LTE-A TDD - Occupied BW ===

RF 500 AC | SENSE:INT] SOURCE OFF | ANALIGN OFF  [10:13:27 AM Mar0g, 2014

Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 Frequency
[} Trig: Free Run Avg|Hold:>10/10 Direction: Uplink

#FGain:Low Atten: 10 dB (Elec 0} Num CC(s): 2

Gate: LO

Gate View Sweep Time 20.0 ms

Ref -20.00 dBm

Center 2.6 GHz Active Carrier(s) 2, Span 40 MHz
#Res BW 30kHz VBW 2.4 MHz Sweep 52.8ms

Occupied Bandwidth Total Power -17.1 dBm 2,600000000 GHz
18.841 MHz

Transmit Freq Error - OBW Power 99.00 % Component

x dB Bandwidth 19.33MHz  x dB -26.00 dB Carrier Setup

IMSG STATUS
3 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change
parameters from their measurement parameters from
default condition. their default condition.
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If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.

Troubleshooting Hints

Any distortion such as harmonics or intermodulation, for example, produces
undesirable power outside the specified bandwidth.

Shoulders on either side of the spectrum shape indicate spectral regrowth and
intermodul ation. Rounding or sloping of the top shape can indicate filter shape
problems.
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ACP M easurements

This section explains how to make the Adjacent Channel Leakage Power Ratio
(ACLR or ACPR) measurement for the LTE TDD & LTE-A TDD uplink signal.
ACPR isameasurement of the amount of interference, or power, in an adjacent
frequency channel. Theresults are displayed as a bar graph or as spectrum data, with
measurement data at specified offsets.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.
page 69.
2 Initia the ACP Press Meas, ACP. The ACP measurement results including

measurement.

the bar graph with the spectrum trace
graph overlay should look like Figure
2-48. The graph (referenced to the total
power) and a text window are displayed.
The text window shows the absolute total
power reference, while the lower and
upper offset channel power levels are
displayed in both absolute and relative
readings.
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Step Action Notes
Figure 2-48 LTE TDD & LTE-A TDD Uplink ACP Measurement Result - Gate View
BE Keysight LTE TDD & LTE-A TDD - ACP |- || & ]
l RF 500 AC | SENSE:INT| SOURCE OFF | A\ALIGN OFF __ [10:21:41 AM Mar06, 2014
Offset Freq 7.500000 MHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 |
.1 Trig: Free Run Avg|Hold:>10/10 Direction: Uplink
IFGain:Low  Atten: 10 dB (Elec 0) Num CC(s): 2 Avg/Hold Num

10
on Off

AvgMode
Exp Repeat
|

Power Ref
[MaxPower»
Carrier]

||
Outer
Offset/Limits
i |
Inner
Offset/Limits

Center 2.6 GHz Span 29.5MHz| ]
#Res BW 100 kHz VEW 1 MHz Sweep 20ms

GATE=TART

Carrier Result
Total Carrier Power -18.92 dBm/ 18.00 MHz ACP-IBW

) Lower Upper
Carrier Power Filter  OffsetFreq  Integ BW dBc  dBm dBc dBm  Filter

OFF 7.500MHz  4.500MHz -5208 -7400 -5200 -73.93 OFF

STATUS

3 Configurethelimit for  Press Meas Setup, Outer Inner offsets are defined from the
each offset. Offset/Limitsand Inner sub-block edges to the gap; limits from
Offset/Limitsto configurethe  two sub-blocks overlap each other.

settingsfor each offset OUt?"de The red dotted lines indicate the limits

and between component carriers. and the sign “PASS” or “FAIL” at the top
left corner of the screen shows the
result. If the result is fail, the bar of the
related offset turns red.

4 Recall the masks. Press Recall, Data, Mask then The Recall function is provided for the
Open..., afile open dialog appears.  masks defined in standard 36.141 to set
Select the appropriate test model up the Offset/Limit parameters
file and click open. automatically. The other parameters will
not be changed. At the bottom of the
screen, there is a message to indicate
which mask file is recalled.

NOTE Noise Correction can reduce the noise contribution of the analyzer to the measurement results
as much as 10 dB. When the measured power is close to the noise floor, turning on the Noise
Correction under the Meas Setup menu can make the measurement more accurate. The correction
will be valid for only the current measurement parameters.
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Step Action Notes

CAUTION To correctly use the Noise Correction feature, you MUST re-calibrate the correction (set to
Off, then On) after ANY measurement parameters are changed. Failure to re-calibrate the
Noise Correction will provide invalid data. When Noise Correction is On, the screen
annotation NCORR is shown below the Input.

5 (Optiona) Adjustthe  Press AMPTD and adjust the This allows greater dynamic range for
dynamic range. Attenuation to 0 dB. this level of input signal.
TIP For the most accurate ACP measurement results, you may be able to optimize the level of the signal

measured by the analyzer. Adjust the input attenuation using the Up/Down keys, while watching
the ACP levels shown at the offsets to see if the measurement results improve with another setting.

6 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.
parameters from their

default condition.

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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Spurious Emissions M easurement

This section explains how to make the Spurious Emission measurement on aLTE
TDD & LTE-A TDD uplink signal. This measurement identifies and determines the
power level of spurious emissionsin certain frequency bands.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes

1 Performthecommon  See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.

page 69.

2 Turnoff theGateView Press Sweep/Control, Gate, Since the spurious emissions
in casethe Gate View  Gate View (Off). measurement will search a large range of
isOn. frequency, Using Gate View has no

meaning.

3 Togglethe RF Press Input/Output, RF Input, In AC coupling mode, you can view

Coupling to DC. RF Coupling, DC. signals less than 10 MHz but the

amplitude accuracy is not specified. To
accurately see a signal of less than 10
MHz, you must switch to DC coupling.

When operating in DC coupled mode,
ensure protection of the External Mixer
by limiting the DC part of the input level

to within 200 mV of 0 Vdc.
4 Initiate the Spurious Press Meas, Spurious Emission.  Depending on the current settings, the
Emission instrument will begin making the
measurement. selected measurements. The resulting

data is shown on the display.

The Spurious Emissions measurement
results should look like Figure 2-49.
The spectrum window and the text
window show the spurs that are within
the current value of the Marker Peak
Excursion setting of the absolute limit.
Any spur that has failed the absolute
limit will have an ‘F’ beside it.

The measurement result shows the
largest spur, which is yellow. You can
select the other spur by pressing Meas
Setup, Spur and enter the number of the
spur.
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Step Action Notes

NOTE If you set the Meas Type to Examine, the trace is continuously updating to show the latest
spectrum range that has the worst spurious. However, the table always shows the last reported
trace information. Press Restart to update the table to show the latest result.

5 Recall the masks. Press Recall, Data, Mask then The Recall function is provided for masks
Open..., afile open dialog appears.  defined in standard 36.141 to set up the
Select the appropriate mask file Range Table parameters automatically.
and click open. The other parameters will not be

changed. At the bottom of the screen,
there is a message to indicate which
mask file is recalled.

Figure 2-49 LTE TDD & LTE-A TDD Uplink Spurious Emissions Measurement - Spur Table

B Keysight LTE TDD & LTE-A TDD - Spurious Emissions
! RF 50 /A DC [ SENSE:INT] SOURCE OFF | M ALIGN OFF [10:30:05 AM Mar06, 2014
Gate De|ay 10.000 ms Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4
Gate: LO . Trig: FreeRun Direction: Uplink
PASS IFGain:Low - #Atten: 10 dB Num CC(s): 2

3.5965 GHz
Ref 0.00 dBm -78.093 dBm

Meas Setup

Avg Mode
Exp Repeat

Range Table»
|
Start 2,025 GHz Stop 3.7 GHz
Meas Type
Examine Full
Spur Range Frequency Amplitude Limit A Limit —
1.997 GHz -75.86 dBm -30.00 dBm -45.86 dB ]
1.929 GHz -75.87 dBm -30.00 dBm -45.87 dB Spur
1.971 GHz -75.99 dBm -30.00dBm  -45.99 dB =
1.963 GHz -76.11 dBm -30.00 dBm -46.11 dB | |
1.908 GHz -76.36 dBm -30.00 dBm -46.36 dB E Ty
2.013 GHz -75.27 dBm -30.00 dBm -45.27 dB o
3.596 GHz -73.73 dBm -30.00 dBm -43.73 dB

IMSG STATUS ! DC Coupled |

You can use the window control keys below the screen to zoom the result screen. See Figure 2-50.
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Step Action Notes
Figure 2-50 LTE TDD & LTE-A TDD Uplink Spurious Emissions Measurement - Numeric Result
Screen
B Keysight LTE TDD & LTE-A TDD - Spurious Emissions
] RF | SENSE:INT| SOURCE OFF | /NALIGN OFF |10:31:00 AM Mar 06, 2014
Gate Delay 10.000 ms Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 Meas Setup
] Trig: Free Run Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2 Avg/Hold Num
Range Frequency Amplitude A Limit gf
4 1.445 GHz -74.83 dBm -30.00 dBm -44.83 dB
4 1.261 GHz -74.95 dBm -30.00 dBm -44.95 dB
4 1.338 GHz -75.00 dBm -30.00 dBm -45.00 dB
4 1.775 GHz -75.06 dBm -30.00 dBm -45.06 dB
5 1.993 GHz -74.86 dBm -30.00 dBm -44.86 dB
5 1.989 GHz -75.23 dBm -30.00 dBm -45.23 dB
5 1.997 GHz -75.86 dBm -30.00 dBm -45.86 dB
5 1.929 GHz -75.87 dBm =30.00 dBm -45.87 dB
5 1.971 GHz =75.99 dBm =30.00 dBm -45.99 dB
5 1.063 GHz -76.11 dBm -30.00 dBm  -46.11dB Range Table»
5 1.908 GHz -76.36 dBm -30.00 dBm -46.36 dB
6 2.013 GHz =75.27 dBm -30.00 dBm -45.27 dB ||
7 3.596 GHz =73.73 dBm =30.00 dBm -43.73 dB Meas Type
7 3.522 GHz -73.77 dBm -30.00 dBm -43.77 dB Examine Full
7 3.181 GHz -73.86 dBm -30.00 dBm -43.86 dB
7 3.486 GHz =73.94 dBm -30.00 dBm -43.94 dB E |
7 3.231 GHz -74.01 dBm -30.00 dBm -44.01 dB Spur
7 2.863 GHz -74.09 dBm -30.00 dBm -44.09 dB
7 2.286 GHz -74.16 dBm =30.00 dBm -44.16 dB
7 2.913 GHz =74.23 dBm =30.00 dBm -44.23 dB
7 2.703 GHz -74.41 dBm -30.00 dBm -44.41 dB
7 3.284 GHz -74.44 dBm -30.00 dBm -44.44 dB
STaTUS 1 DC Coupled
6 SelecttheRangeTable Press View/Display, Range You can enter the settings for up to

view and edit the
Range Table.

Table, then Meas Setup, Range twenty ranges.

Table. The measurement result highlights the

selected range. If you want to change the
settings of different ranges, you can
press Meas Setup, Range Table, Range,
then enter the range number you need to
configure.
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Step Action Notes
Figure 2-51 LTE TDD & LTE-A TDD Uplink Spurious Emissions Measurement - Range Table
BN Keysight LTE TDD & LTE-A TDD - Spurious Emissions (=N =R
{ | SENSE:INT| SOURCE OFF | /\ALIGN OFF [10:33:37 AM Mar06, 2014
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 Range Table
o) Trig: Free Run Direction: Uplink
IFGain:Low — #Atten: 10 dB Num CC(s): 2 Range
90.288 kHz)|I¥ -
Ref 0.00 dBm -78.744 dBm{f-
FreqRange
[9.000 kHz»
-150.000 kHz]
Range Start Freq Stop Freq Res BW Video BW Filter Type
1 9.000 kHz 150.0 kHz 1.000 kHz 4.700 kHz Gaussian -
2 150.0 kHz 30.00 MHz 10.00 kHz 47.00 kHz Gaussian | Filter Type
3 30.00 MHz 1.000 GHz 100.0 kHz 470.0 kHz Gaussian r Gaussianb
4 1.000 GHz 1.900 GHz 1.000 MHz 5.000 MHz Gaussian
5 1.900 GHz 2.010 GHz 1.000 MHz 5.000 MHz Gaussian
6 2.010 GHz 2.025 GHz 1.000 MHz 5.000 MHz Gaussian
7 2.025GHz 3.700 GHz 1.000 MHz 5.000 MHz Gaussian
8 _— — — _— —
MSG sTATUS ! DC Coupled
7 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.

parameters from their

default condition.

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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Spectrum Emission Mask M easurements

This section explains how to make the Spectrum Emission Mask (SEM)
measurement onaLTE TDD & LTE-A TDD uplink signal. SEM compares the total
power level within the defined carrier bandwidth, and the given offset channels on
both sides of the carrier frequency, to levels allowed by the standard. Results of the
measurement of each offset segment can be viewed separately.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.
page 69.

2 Initiate the Spectrum Press M eas, Spectrum Emission  The Spectrum Emission Mask

Emission Mask
measurement.

Mask. measurement result should look like
Figure 2-52. The text window shows the
reference total power and the absolute
peak power levels which correspond to
the frequency bands on both sides of the
reference channel. The cyan line is the
absolute limit line and the purple line is
the relative limit line. The limit lines are
turned on by default.
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Step Action Notes

Figure 2-52 LTE TDD & LTE-A TDD Uplink Spectrum Emission Mask Measurement Result
Fﬁ Keysight LTE TDD & LTE-A TDD - Spectrum Emission Mask
(I 00 AC | SENSE:INT| SOURCE OFF [ M\ ALIGN OFF
Carrier Ref Freq: 2.600000000 GHz
~, ) Trig: Periodic Timer
™ gAtten: 10 dB

[ 2 [ne]

Frequency

[10:41:41 AM Mar06, 2014
TimeSlot: TS4
Direction: Uplink
Num CC(s): 2

RF 50 O
Carrier Ref Freq 2.600000000 GHz

(
IFGain:Low

Spectrun

Center 2.6 GHz Span 39 MHz

Ref Carrier Power -19.45dBm/ 9MHz (Carrier #1)

Lower <- Peak >
ALim(dB) Freq(Hz) dBm
7959 (-66.09) 1

Upper Carrier
RefFreq
2.600000000 GHz

Start Freq
15.00 kHz
1.500 MHz
5.500 MHz

Stop Freq Integ BW dBm

985.0 kHz 0 kHz

-7865M

Component
Carrier Setup

STATUS

3 Recall the masks.

Press Recall, Data, Mask then
Open...,afile open dialog appears.
Select the appropriate file and
click open.

The Recall function is provided for
standard 36.141 to set up the
Offset/Limit parameters automatically.
The other parameters will not be
changed. At the bottom of the screen,
there is a message to indicate which
mask file is recalled.

4 Select the desired outer
offset pairs.

Press M eas Setup, Outer
Offset/Limit, Select Outer
Offset. Select the offset you want
to turn on and press Start Freq, On.
You can change the Start Freq,
Stop Freq and other values for the
offset.

The value of offset A, B, C, D is designed
according to the standard and they are
turned on by default.

When there are many offsets to measure,
you can increase the Res BW under Meas
Setup, Outer Offset/Limit to increase the
measurement speed.

5 Select thedesired inner
offset pairs.

Press M eas Setup, I nner
Offset/Limit, Select Inner
Offset. Select the offset you want
to turn on and press Start Freg, On.
You can change the Start Freq,
Stop Freq and other values for the
offset.

Inner offsets are defined from the
sub-block edges to the gap; limits from
two sub-blocks overlap each other.

When there are many offsets to measure,
you can increase the Res BW under Meas
Setup, Inner Offset/Limit to increase the
measurement speed.
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Step Action Notes

6 Setup the limit. a. Press Meas Setup, Outer The Lower or Upper ALim result is the
Offset/Limit, More, Limits ~ minimum margin from limit line which is
then enter thelimit value decided by Fail Mask setting. There are
for each offset. four settings for Fail Mask: Absolute,

b. Press Meas Setup, Inner Relative, Abs AND Rel, Abs OR Rel.

Offset/Limit, More, Limits . For Absolute mask, the Lower or

then enter the limit value Upper Lim is compared with the
for each offset. Absolute limit line.

»  For Relative mask, the Lower or
Upper Lim is compared with the
Relative limit line.

= For Abs AND Rel mask, the Lower or
Upper Lim is compared with the
higher limit line.

= For Abs OR Rel mask, the Lower or
Upper Lim is compared with the
lower limit line.

Figure 2-53 LTE TDD & LTE-A TDD Uplink Spectrum Emission Mask Measurement Result - A, B, C,
D, E, F pairs
ri Keysight LTE TDD & LTE-A TDD - Spectrum Emission Mask =

( RF 500 AC [ SENSE:INT[ SOURCE OFF [ MALIGN OFF  [10:44:41 AM Mar06, 2014 o
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 OffsetiLimits
] Trig: Periodic Timer Direction: Uplink

IFGain:Low #Atten: 10 dB Num CC(s): 2 Select
Outer Offset»

Ref -10.0 dBm

StartFreq
20.000 MHz
Off

40.000 MHz

Spectrun
Sweep Time

1.56 ms

Auto Man

Center 2.6 GHz Span 100 MHz

Ref Carrier Power -2036dBm/ 9MHz (Carrier #2)

Lower =3
Start Freq Stop Freq  Integ BW Freq (Hz)
15.00 kHz d 30.00 kHz 3 (-6583) - 1500k |is
1.500 MHz 3 -

1550 M
31.50M
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Step Action Notes
7 Select the view and Press View/Display and select Three types of views are provided:
measurement result. the desired view. Absolute Peak Power & Frequency,

Relative Peak Power & Frequency and
Integrated Power. For each view, you can
use three measurement types (select
using Measure Setup, Meas Type): Total
Power Reference, PSD Reference and
Spectrum Peak Reference. It also
provides the Carrier Info view as below.

Figure 2-54 LTE TDD & LTE-A TDD Uplink Spectrum Emission Mask Measurement Result - Carrier
Info View

B Keysight LTE TDD & LTE-A TDD - Spectrum Emission Mask
RF 50Q AC | SENSE:INT| SOURCE OFF | /MALIGN OFF |10:45:25 AM Mar 06, 2014
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4

Viewl/Display

=R
Gate: LO ] Trig: Periodic Timer Direction: Uplink _
IFGain:Low #Atten: 10 dB Num CC(s): 2
Display»
-10.0 dBm ) o
Abs PwrFreq
T
Rel PwrFreq
T
Integrated
Power
e
Center 2.6 GHz Span 39 MHz
Carrier Info
[Freq: Offset]
Total Power -1655 dBm /18 00MHz RF-BW 20.00 MHz || —
. . | ———
Ref Carrier Power: -19.37 dBm/9.000 MHz (Carrier #1: Max)
LimitLines
Carrier Pwr | Carrier PSD | Integ BW | Filter | Offset Freq | Measure On Off|
1/-19.37 dBm | — 9.000 MHz OFF |-5.0000 MHz On
2 -1976dBm — 9.000MHz OFF 5.0000MHz On
8 (Optional) Change Press M eas Setup to see the keys ~ For example, you can change the M eas
measurement that are available to change. Typeto PSD Ref:

g:frﬁftgi;irgg:]thar Press M eas Setup, Meas Type, and
' select PSD Ref to display the Integrated
Power view for the spectrum emission
mask measurement with a PSD
reference. The PSD reference is shown
below the spectrum graph in dBm/Hz.

Also press Trace/Detector to change the
detector type.
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If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.

Troubleshooting Hints

The Spectrum Emission Mask measurement can reveal degraded or defective partsin
the transmitter section of the unit under test (UUT). The following are examples of
typical cases of poor performance.

» Faulty DC power supply control of the transmitter power amplifier.
* RF power controller of the pre-power amplifier stage.
» 1/Q control of the baseband stage.

» Degradation in the gain and output power level of the amplifier due to the
degraded gain control or increased distortion, or both.

» Degradation of the amplifier linearity or other performance characteristics.

Power amplifiers are one of the final stage elements of a base or mobile transmitter
and are acritica part of meeting the important power and spectral efficiency
specifications. Since spectrum emission mask measures the spectral response of the
amplifier to a complex wideband signal, it is a key measurement linking amplifier
linearity and other performance characteristicsto the stringent system specifications.
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Transmit On/Off Power M easurements

Step

Making LTE TDD & LTE-A TDD Measurements

LTE TDD & LTE-ATDD Uplink Signal Measurement

This section explains how to make the Transmit On/Off Power measurement on a
LTETDD & LTE-A TDD uplink signal. The test isto verify that the transmitter off
power and transmitter transient periods are within the limit of the minimum

reguirement.

For signal setting, see “Setting the Uplink Signal (Example for Power

Measurement)” on page 67.

M easurement Procedure

Action

Notes

1 Perform the common

configuration.

See “Common Measurement
Procedure (Uplink)” on
page 69.

It is not necessary if you already
configured it in other measurements.

2 Initiate the Transmit

On/Off Power
measurement.

Press M eas, Transmit On/Off
Power.

The Transmit On/Off Power
measurement result should look like
Figure 2-55. Sometimes the result for
Burst Width and Ramp Down displays
“---" That is because the measured
burst is not a complete burst. The Off
Power shows “---" because the
transmitter off period is not detected
within the Meas Interval.
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Step Action Notes

Figure 2-55 LTE TDD & LTE-A TDD Uplink Transmit On/Off Power Measurement Result

BM Keysight LTE TDD & LTE-A TDD - Transmit On Off Power
{ RF 500 AC [ SENSE:INT[SOURCEOFF|  /NALIGN OFF  [10:46:12 AM Mar06, 2014
Carrier Ref Freq 2.600000000 GHz Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4 Frequency
—— Trig: Periodic Timer Direction: Uplink
#FGain:Low #Atten: 10 dB Num CC(s): 2

RF Envelope
Ref -10.00 dBm

mmmm}

0.0000s 52000 ms|
Info Bw 10.00 MHz FlatTop Current CC : CC0O

On Power: -19.337 dBm Burst Width: 3.000 ms

Subframe  Avg Pwr(dBm) Burst Width(ps
Trigger Diff: Off Power Before: -97.097 dBm g Pwr(dBm) bs) 2.600000000 GHz
Subframe2 9.33
Off Power After:  -97 211 dBm Subframe3 ~
Subframe4 -19.33 Component

Ramp Up: 0.200ps Max Power: -11.434 dBm -
Carrier Setup

Ramp Down: 0.333 ps Min Power: -139.287 dBm

MSG

NOTE The default setup of the Transmitter On/Off Power measurement is Single. Do not use Cont to let
the analyzer continuously sweep. The attenuator and preamplifier performs adjustment in every
sweep. If you turn Cont on, the device lifetime will be influenced.

3 Adjust the parameters  Press M ode Setup, Predefined The 16 analysis time slots are for two
to see more subframes  Parameters, MeasInterval, 16, complete bursts to perform Burst Width
test result. then press Restart or Single. and Ramp Down test.

This step can be ignored if you already
configured the required measurement
interval.

All the test results, with the result for the
active slot on the bottom right of the
screen, are shown in Figure 2-56.

NOTE Each time the parameter is modified, you need to press Restart or Single to initiate a sweep. The
yellow mark ( *) on the top right indicates a Restart or Single sweep was not performed after the
parameters were changed and the results are invalid.
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Action Notes

Figure 2-56

LTE TDD & LTE-A TDD Uplink Transmit On/Off Power Measurement Result - 16 Time
Slots

B Keysight LTE TDD & LTE-A TDD - Transmit On Off Power

U G | SENSE:INT| SOURCE OFF | ANALIGN OFF | 10:51:20 AM Mar 06, 2014
Meas Interval 16 slots Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4

—w— Trig: Periedic Timer Direction: Uplink
#Atten: 10 dB Num CC(s): 2

Predefined

#IFGain:Low

Analysis Slot’

RF Envelope Ts4

Ref -10.00 dBm
el i e

CPLength,
Normal

Measure
PRACH/SRS»
Off

||
Reference
0.0000 s 10.1999 ms Configr
Info Bw 10.00 MHz FlatTop Current CC : CCO el

On Power: -19.367 dBm Burst Width: 3.000 ms

R Subframe  Avg Pwr(dBm) Burst Width(us)
Trigger Diff: Off Power Before: -97.130 dBm

Off Power After:  -97.156 dBm

Ramp Up: 0 Max Power: -10.626 dBm

Min Power: -143.267 dBm

4 Select Rise & Fall

view.

Press View/Display, Rise & Fall. You can observe the details during the
ramp up and down period in the Rise &
Fall view.

You can also configure the Threshold
under Meas setup and turn on the Ramp
Line to observe the areas of interest.

97



Making LTE TDD & LTE-A TDD Measurements
LTE TDD & LTE-A TDD Uplink Signal Measurement

Step Action Notes

Figure 2-57 LTE TDD & LTE-A TDD Uplink Transmit On/Off Power Measurement Result - Rise & Fall
view

Bl Keysight LTE TDD & LTE-A TOD - Transmit On Off Power

=8 T

i

| SENsE:INT| SOURCE OFF | ANALIGN OFF [10:52:11 AM Mar 06, 2014
Carrier Ref Freq: 2.600000000 GHz TimeSlot: TS4

—— Trig: Periodic Timer Direction: Uplink
#FGain:Low #Atten: 10 dB Num CC(s): 2

ViewiDisplay

Display»
YRef -10

ik "‘"'ﬂ"*'“""‘/"*\\W‘ﬁ

Rise & Fall

Ramp Line

On

]

'M\WW'WW\W

Info Bw 10.00 MHz Info Bw 10.00 MHz
-19.367 dBm Burst Width: 3.000 ms

. i ) Subframe  Avg Pwr(dBm) Burst Width(ps)
Trigger Diff: Off Power Before: -97.130 dBm -

ubframe2 -19.37 0
Off Power After:  -97.156 dBm % 0138 0

Ramp Up:  0400ps Max Power: -10.626 dBm

Ramp Down: 3 s Min Power: -143 267 dBm

5 (Optional) Change Press M eas Setup to see the keys
measurement that are available to change.
parameters from their
default condition.

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.
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Power Satistics CCDF M easurements

This section explains how to make the Power Statistics Complementary Cumulative
Distribution Function (Power Stat CCDF) measurement on aLTE TDD & LTE-A
TDD downlink signal. Power Stat CCDF curves characterize the higher level power
statistics of adigitally modulated signal.

For signal setting, see “Setting the Uplink Signal (Example for Power
Measurement)” on page 67.

M easurement Procedure

Step Action Notes
1 Perform the common See “Common Measurement It is not necessary if you already
configuration. Procedure (Uplink)” on configured it in other measurements.
page 69.
2 Initiate the power Press M eas, Power Sat CCDF. The CCDF measurement result should
statistics CCDF look like Figure 2-58. The blue line is
measurement. the Gaussian trace and the yellow line is

the measurement result.

The Info BW is the channel bandwid th

that will be used for data acquisition, the
default value is 6 MHz. You can manually
change the Info BW under the BW menu.

Figure 2-58 LTE TDD & LTE-A TDD Uplink Power Statistics CCDF Measurement Result

BN Keysight LTE TDD & LTE-A TDD - Power Stat CCDF ===
(i 50 Q0 AC | SENSE:INT| SOURCE OFF [ /BALIGN OFF |10:52:48 AM Mar06, 2014
Center Freq 2.600000000 GHz Center Freq: 2.600000000 GHz TimeSlot: TS4 AU
o Trig: Periedic Timer  Counts:3.12 M/10.0 MpDirection: Uplink
#IFGain:Low #Atten: 10 dB Num CC(s): 2 Center Freq
2600000000 GHz

Average Power Gaussian
9 100 %

-22.19 dBm
42.14 % at 0dB

10.0 % 3.95dB

1.0% 6.01 dB

01% 7.32dB

0.01 % 8.44 dB

0.001% 8.96dB \

0.0001 % 9.06 dB I\I""‘. 2,600000000 GHz
Peak 9.07 dB ‘

-13.12 dBm 4 Component,
0.0001 % 0dB * Carrier Setup
Info BW 6.0000 MHz

MSG STATUS
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Step Action Notes
3 Turnreferencetrace Press Trace/Detector, Ref Trace  The reference trace is the same as the
on. (On) to represent the measurement trace. You can use the
user-definable reference trace Store Ref Trace key to copy the currently
(violet line). measured curve as the reference trace. It

will not change until you store the
reference trace again or choose another
mode. The CCDF measurement result
with the reference trace should look like

Figure 2-59.
Figure 2-59 LTE TDD & LTE-A TDD Uplink Power Statistics CCDF Result - Reference Trace On
BN Keysight LTE TDD & LTE-A TDD - Power Stat CCDF @@@_l
( RF 500 AC | SENSE:INT] SOURCE OFF [ M ALIGN OFF [10:54:30 AM Mar06, 2014
Info BW 6.0000 MHz Center Freq: 2.600000000 GHz TimeSlot: T54 Trace
. Trig: Periodic Timer Counts:4.92 M/10.0 MpDirection: Uplink

HFGain:slow — #Atten: 10 dB Num CC(s): 2 Store

A p ) RefTrace
verage Fower 100 % Gaussian [ |
RefTrace

-22.18 dBm : =
42.18 % at 0dB e ————
Gaussian Line

On Off

10.0 % 3.95dB

1.0% 6.06 dB
0.1% 7.33 dB
0.01 % 8.16 dB
0.001% 9.12dB
0.0001 % 9.18dB

Peak 9.18 dB
-13.00 dBm

o,
0.0001 /DOdB

Info BW 6.0000 MHz

MSG STATUS

4 Turn dot view on. Press View/Display, Slot View The CCDF measurement result with the
(On) to see the corresponding slot view should look like Figure 2-60.
analysis slots (blue bars).

100



Step

Making LTE TDD & LTE-A TDD Measurements
LTE TDD & LTE-ATDD Uplink Signal Measurement

Action Notes

Figure 2-60

LTE TDD & LTE-A TDD Uplink Power Statistics CCDF Result - Slot View

BE Keysight LTE TDD & LTE-A TDD - Power Stat CCDF )
RE 500  AC [ SENSE:INT| SOURCE OFF | /MALIGN OFF | 10:56:36 AM Mar 06, 2014 - -
Center Freq: 2.600000000 GHz TimeSlot: TS4 View/Display

G Trig: Pericdic Timer Counts:6.98 M/10.0 MpDirection: Uplink
#IFGain:Low #Atten: 10 dB Num CC(s): 2 m

Average Power i
[s] 100 % Gaussian

| Slot View,

'20.92 dBm 10 % \\‘\;\, . Off|
44.19 % at 0dB

1%

10.0 % 3.07dB
1.0% 4.92 dB
01% 6.19dB
0.01 % 7.24 dB
0.001% 7.74dB
0.0001 % 7.92dB

Peak 793 dB
-12.99 dBm

MSG STATUS

5 Optimizethe

Press M eas Setup, | F Gain to

measurement for your  optimize the measurement for your

signal level.

signal level. If you have a very high
or low level signal, selecting L ow
Gain or High Gain can improve
your accuracy. The default is Auto.

If you have a problem, and get an error message, see the guide “Instrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfiles.

Troubleshooting Hints

The power statistics CCDF measurement can assist in setting the signal power
specifications for design criteriafor systems, amplifiers, and other components. For
example, it can help determine the optimum operating point to adjust each code
timing for appropriate peak or average power ratio, or both, for the transmitter.
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Modulation Analysis M easurements

This section explains how to make the Modulation Analysis measurement on aLTE
TDD & LTE-A TDD uplink signal. The LTE Modulation Analysis measurement
allows you to measure LTE signals according to 3GPP TS 36.211.

Setting the Uplink Signal (Example)
Center Frequency: 2.6 GHz
Output Power:  —10 dBm (at analyzer input)
Component Carriers. 2 (CC0O and CC1)
Uplink Downlink Configuration: O
Specia Subframe Configuration: O
Channel Configuration: QPSK
System Bandwidth: 10 MHz (50RB) + 10 MHz (50RB)
Antennas: 1
Cyclic Prefix: Normal
Transport Channel: CCO:
UL-SCH = On, 0 dB, Channel Numbers 7-12
CCL:
UL-SCH = On, 0 dB, Channel Numbers 1-6
Physical Channel: CCO:
PUCCH =0n, 0dB, 12 Channels, RB 1-2, ..., 11-12
PUSCH = On, 0dB, 12 Channels, RB 13-14, ..., 23-24
CCLIL:
PUSCH =0On, 0dB, 12 Channels, RB 1-2, ..., 11-12
Resource Block: CCO:
Slot = 4-9, 14-19
Power =0 dB
PUSCH RB =5-44
PUCCH RB =0, 50

CC1:
Slot = 4-9, 14-19
Power =0 dB

PUSCH RB = 0-50
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Figure 2-61 Sgnal Sudio Mapping (Uplink Sgnal - CCO)

File View Control System Tools Help

[ =] 1| &
Quick Setups ‘Conﬁguraticn Full filed QPSK 10MHz (50 RE) (Modified)
& Hardware
Instrument + - Add Channel | < Delete Channel | 4 Physical Ch Coniig. |
Licenses # | Channel [ state [ Power | Data [ Higher Layer | Resource Block Collection =
B Waveform Setup
1 PUCCH On  0.000 PN9 - § )
B-Carrier Aggregation 1 2 PUCCH On  0.000 PN3 - 9,10 i
& Component Carrier 1 EY PUCCH On 0.000 PNS - 7:
Downlink 4 PUCCH on  0.000 PNS - 56
Transport Channel 5 PUCCH On  0.000 PN3 - 34 =
Physical Channel )
| i-Resource Block Physical Channel 1 — PUCCH ™ Hint
B Uplink El 1.General Settings =

Transport Channel nel Number 1

R Physical Channel] pucen
Resource Block on
El- Component Carrier 2 0.000 dB
4 Downlink 1
Transport Channel 1
Physical Channel NAA
i i-Resource Block n Numbers 1112
Er- Uplink LE
Transport Channel HARG-ACK ACK
Physical Channel Scrambling Gn
Resource Block N_RB(2) 0
N_CS(T) o
nPUCCH(1) 0
nPUCCH(2) 0
nPUCCH(3) v 1
Delts Shift 1
Rescurce Blocks 0.49 -

ell Specic RS | [ Physical Channel | [ Transport Channel

Figure 2-62 Sgnal Sudio Mapping (Uplink Sgnal - CC1)

D &1

;- Quick Setups ‘Cunﬁguralmn Full filled GPSK 10MHz (50 RE)
El-Hardware
----- Instrument +-Add Chamnel | X Deete cramnel | |
& b"‘,;i”:;fm et # | Chamnel [ State | Pawer | Dala [ Higher Layer | Resource Block Collection a
B Carrior A f; tion 1 1 PUSCH On D000  Hgherlayer CHLULSCH 12
: adrea 2 PUSCH On 000D HigherLayer CHI:ULSCH 34
E}-Component Carrier 1 3 PUSCH On  DODD Higher Laysr  CH1:ULSCH 56
i E-Downlink 4 FUSCH On D000  Hgherlayer CHIULSCH 7
i~ Transport Channel 5 PUSCH On  DODD  Hgherlayer CHLULSCH 910 2
i Physical Channel
vsical Channe Physical Channel 1 -- PUSCH (Occupied by higher lzyer channel) I Hint
E 1.General Seffings
Physical Channel Number 1
PUSCH
: Resource Block " On
El- Component Carrier 2 Power 0.000dB
& Downlink RNTI 1
- Transport Channel Modulation Type QpPsK
Fhysical Channel ection Numbers 1.2
Resource Block Higher Layer
B- Uplink Scrambling On
ransport Channel DMRS Power 0.000dB
8 Physical Channel nDMRS(T) ]
i Resource Block nDMRS(2) ]
Delia S5 0
Group/Sequence Hopping off

ell Specic RS | [l Physical Channel | [l Transport Channel
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M easurement Procedure

Step Action Notes
1 Enablethe LTE TDD Press Mode, LTE TDD &
& LTE-A TDD LTE-A TDD.
Mmeasurements.
2 Preset the mode. Press M ode Preset.
3 Selectthedirectionto  Press Mode Setup, Direction to
Uplink. be Uplink. Downlink is the default
setting.
4 Set the carrier Press FREQ Channel, Carrier The center frequencies of carriers are
reference frequency. Ref Freq, 2.6, GHz defined as an offset frequency from this

value.

NOTE You may need to change the Center Freq and Center Freq Offset settings to satisfy the channel

spacing requirements according to the 3GPP standard.

104



Step

Making LTE TDD & LTE-A TDD Measurements
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Action

Notes

5 Configure the two
component carriers.

a. Press Mode Setup,
Component Carrier Setup.

b. Press Num Component
Carriers, 2.

c. Press Configure Component
Carriers, Component
Carrier, CCO.

d. Press Freq Offset, -5 MHz

e. Press Bandwidth Setup,
System BW, 10 MHz (50
RB).

f. Press ULDLAIlloc,
Configuration O
(DSUUUDSUUU).

g. PressDW/GP/Up Len,More,
Configuration O.

h. Press Configure Component
Carriers, Component
Carrier, CC1.

i. Press Freq Offset, 5MHz

j- Press Bandwidth Setup,
System BW, 10 MHz (50
RB).

k. Press ULDLAIloc,
Configuration O
(DSUUUDSUUU).

. Press DW/GP/UpLen,More,
Configuration O.

m. Press Carrier Allocation,
Contiguous.

The measurement example here is
contiguous carriers. If the carriers are
non-contiguous, the Carrier Allocation
under Component Carrier Setup needs
to be changed.

You may press Mode Setup, Preset to
Standard and configure ULDLAlloc and
DW/GP/Up Len for both carriers. Preset
System Bandwidth will affect a list of
parameters, see “Preset to Standard
Settings” on page 123.

6 Select the predefined
parameters such as
Analysis Slot, Meas
Interval or CP Length

Press M ode Setup, Predefined
Parametersto set up the
parameters. Configure Analysis Slot
to be TS4, Meas Interval to be 6
slots. CP Length to be Normal.

Analysis Slot is defined as the first slot
for analysis.

7 Initiate the Modulation
Analysis measurement.

Press M eas, M odulation
Analysis.
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Step

Action

Notes

8 Select the component

Press M eas Setup, Component

Then the parameters under Meas Setup

carrier to be Carrier, CCO. will be used for CCO.

configured. For CC1, repeat the following steps.
9 Configure Press Meas Setup, Sync/Format The meas interval will start from time

Sync/Format Settings  Setup to configure Sync Type. slot 4 to time slot 9.

and Meas Time Setup.

Press Meas Setup, Meas Time
Setup, Meas Offset Slot, 4, Meas
Interval Slot 6.

For analysis of a non-specific user, you can use the demodulator auto-detect feature, the measurement
provides a composite result of all Channels and Users, go to "Set up User Mapping table - RB Auto
Detect On.”. If you want to analyze an individual user, you need to define the user mapping manually, go to
"Set up User Mapping table - RB Auto Detect Off.”.

TIP If you want to copy all autodetected allocations into the Resource Block Editor, press Copy Auto ->
Manual, then User_01, which contains all autodetected channels, and they will be copied into the

Allocation Editor.

NOTE To perform the following procedure, it is easier to use a USB mouse connected to the instrument.
If a mouse is not available, you can use the Tab key repeatedly until the required table cell or check
box is selected and the key menu appears, then enter the value from the front panel. Also press
Enter to active the knob function, then you can move the focus quickly using the knob. If you finish
the setup, you can select OK, or Cancel by pressing the Cancel (Esc) key in the front panel.

10Set up User Mapping  a. Press Meas Setup, Chan PUSCH and PUCCH are transmitted

table - RB Auto Detect Profile Setup, Edit User exclusively from one UE, however
Oon. Mapping. PUSCH, PUCCH and SRS can be
b. Select RB Auto Detect and analyzed at the same time. PRACH
' . needs to be analyzed separately, if you
E‘;’;‘;‘g;‘rfnt?ﬁiSZ;zTnetleerEg{l p  Select PRACH, the others PUSCH,
0. PUSCH and PUCCH ae | PUCCH and SRS will be grayed out
selected. When RB Auto-Detect is On, only one
¢ Check Present in Sianal and user (User01) can be included in the
’ Include in Analysis %r both analysis. You cannot add any other
PUSCH and PUCCH. USers.
The Figure 2-63 shows the
d. Check Auto Sync. Also you can : ) .
enter the syngslot man):Jally in configuration for User Mapping when RB
. L ’ Auto-Detect is On.
this case it is 4.
e. Check the Auto-calculate

per-slot params checkbox and
enter the nDMRS.
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Action Notes

Figure 2-63

LTETDD & LTE-A TDD Uplink Modulation Accuracy Edit User Mapping - Auto Detect On

BB Keysight LTE TDD & LTE-A TDD - Modulation Analysis = =R
RF 500  AC | SENSE:INT[ SOURCE OFF | A\ ALIGN OFF [01:21:51 PMMar 06, 2014 .
Carrier Ref Freq: 2.600000000 GHz Boe 12 -« | Uplink Users
—— Trig: FreeRun Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2
RE Auto-Detect Mame Cell  guy Frame Group Seq USCH PUCCH
Auto-detect Mode [Fower Based + | D HNo Hop Hop Present|Include Present|Include Prese
[C] Auto-detect Power Levels Userl1 o 0 0 O s 0 _I
Mult-Frame Analysis o - ] R
PUSCH  Channel Parameters Per-slot Parzmeters
PUCCH Auto Sync Ezr
SRS SyncSlot 0 BRESS g
e =
| FRB End 0
FreqHopping  [Off -
Freq.HopMode [Inter-SF st No slots defined CellID
- 5 Mod Type QPSK e [USEI‘O"]
Nrg PFower (dB) 0 0
s o) D S
Auto-calculate DMRS Seq (v) 0
[PonShlipa b DMRS Cyclic Shift 0 RNTI
nowrs!”) 0 DMRS Power (B) [ [User01]
nowas) 0 Mirraring 0 0
Bss o . : ||
Frame Number|
ok [ Coneel | [Usero1]
RB Mapping of PUSCH 0
49
DL DL
Group Hopping
[User01]
RB on Off
0
0 Slot 19
wse | 1) Use the Tab key to select a parameter field to edit STATUS

Now you can see all the measurement result in "Select views and measurement results.”
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Step

Action Notes

11 Set up User Mapping
table - RB Auto Detect

Off.

g.

a.
b.
C.
d.

Press M eas Setup, Chan Profile Setup, Edit User Mapping.
Deselect the RB Auto-Detect to turn RB auto detect off.

Click Add to add a user, User01 is shown.

Press Add to add the second user, User02 is shown.

Click UserQ1, User01 will be highlighted with blue, check Present in Signal
for PUSCH, this will activate the Per-slot Parameters, set up the Sync Slot to
Auto Sync or set it to be 4. The field “No slots defined” turns to blue, click
Add besides “No subframes defined” directly or you can click “No
subframes defined”and press the Add menu key on the right of the screen to
add the slot for UserQ1. In this case, slot 4 is added. Enter PRB Start, PRB
End. In this example, PRB Start = 5, PRB End = 44. Enter the value for Mod
Type, Power, DMRS Power and Mirroring. The default values are used for
these parameters. Repeat the steps to add more slots. Be sure that
Auto-calculate is checked. The User Mapping window for User01 is shown
in Figure 2-64.

Check Include for PUSCH to include UserQ1 in the measurement analysis.

Click User02, User02 will be highlighted with blue, check Present in Signal
for PUCCH, this will activate the Per-slot Parameters, set up the Sync Slot to
Auto Sync or set it to be 4. The field “No subframes defined” turns to blue.
Click the PUCCH tab on the left, then click Add besides “No subframes
defined” directly or you can click “No subframes defined”and press the Add
menu key on the right of the screen to add the slot for User02. In this case,
slot 4 and slot 5 are added. Enter Format, Power and DMRS Power. The
default values are used for these parameters. Repeat the steps to add more
slots. Be sure that Auto-calculate is checked. The User Mapping window for
User02 is shown in Figure 2-65.

Since only PUCCH is included in User02, to measure it, the Sync Type
(under Meas Setup, Sync/Format Setup) needs to be changed to PUCCH
DM-RS. The default setting is PUSCH DM-RS. Or you may have a sync error
message.

Click OK.

NOTE

You cannot include both the PUCCH for User02 and the PUSSH for User01 in Analysis. When RB
Auto-Detect is Off, only one user can be included in the analysis at the same time.
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Notes

Figure 2-64

LTE TDD & LTE-A TDD Uplink Modulation Accuracy Edit User0T Mapping - Auto Detect

off

BE Keysight LTE TDD & LTE-A TDD - Modulation Analysis || P | (]
RF 50Q AC | SENSE:INT| SOURCE OFF | A\ALIGN OFF [02:32:06 PMMar 06, 2014
Carrier Ref Freq: 2.600000000 GHz TRacE |
—w— Trig: FreeRun Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2
(7] RB Auto-Detect Name Cel gy Frame Group Seq PUSCH C Add
Multi-Frame Analysis D No.  Hop Hop Present|Include Present|Include Prese|
User01 0 0 0 @ B ] & Add
User02 0 0 [ R = R ] =] ——

m ]

b

Channel Parameters

Per-slot Parameters

=

=]

s

o g

g &
g

re

w
o
=
w

wto Sync ouple loc o
Auto S Coupl Alloc1l Alloc12
Sync Slot 4 PRE Start 5 0 0
. PRE End 44 0 0
i —— ot =
Freq HopMode | nter SF Mod Type QFSK__+] - |[aPsK QPSK dd
Neg™® 0 Delete
e = Power (d8) 0 _J[o 0
Nea DMRS Group (u) 0 0 [ e
Auto-calculats DMRS Seq (1) 0] o 0
per-slot params DMRS Cyclic Shift o [o 0
nows! ! 0 DMRS Power (dB) o o 0
nowes”) 0 Mirraring 0 =)~ 0
hsg 0 . [ »
OK Cancel
RE Mapping of PUSCH
a8
DL DL
RE
0
0 Slot 19
wsG |1 Use the Tab key to select a parameter field to edit STATUS

Figure 2-65

LTE TDD & LTE-A TDD Uplink Modulation Accuracy Edit User02 Mapping - Auto Detect

off

BM Keysight LTE TDD & LTE-A TDD - Modulation Analysis

RF 500 AC

| SENSE:INT| SOURCE OFF |

A\ALIGN OFF

Carrier Ref Freq: 2.600000000 GHz
Trig: Free Run

[02:36:08 PM Mar 06, 2014

k

==
PUCCH Subframe

MSG .1 Use the Tab key to select a parameter field to edit

==
IFGain:Low #Atten: 10 dB Num CC(s): 2
[7] RB Auto-Detect Mame Cel  pyp Freme Group Seq PUSCH UC!
Multi-Frame Analysis D No.  Hop Hop FPresent|Include Present|Include = Prese
UserD1 0 0 o @ | ] =] Add
Used2 0 o T B B B o o Dl
4 mn »
' ‘ Delete
Channel Parameters Per-slot Parameters
Couple 0 AllocT1
@ oS e——
= First RB 0
Sync Slat 4
Slot
Auto-caleulate
[ ereiot params Fornst  [¥][Typel |
) = Cylic Shift 0
Nrs! 0
@ T Power (dB) 0 0
HPUCCHA - DMRS G ) 0 o
pocTE q roup (U] 0
. DMRS Pawer (dB) 0 0
er'UCEH”) 9 0
@) & 0 .
nPUCCH 0 o 0
Tl
OK Cancsl
RB Mapping of PUCCH
43
DL DL
RB
More
o 30f3
0 Slot 19
STATUS
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Step Action Notes

The measurement result for User01 should look like Figure 2-66 and the measurement result for User02
should look like Figure 2-67. You will see the EVM result of CCO is not that flat because of the interference of

CC1.
Figure 2-66 LTE TDD & LTE-A TDD Uplink Modulation Accuracy - User01
BN Keysight LTE TDD & LTE-A Modulation Analysis
SENSEINT| SOURCE OFF | ANALIGN OFF _ |02:53:03 PM Mar 06, 2014
Carrier Ref Freq: 2.600000000 GHz TRAGE
] Trig: Free Run Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2
PUSCHDM-RS
Include Exclude
B |
2514 28137 .Stop 299 carrier
Res BW 15 kHz TimeLen 42 Sym TimeLen 42 Sym
B |
B |
|
Center 2.585 GHz Span 25.0000762939 MHz
Res BW 1.27312 kHz TimeLen 3.000023 ms
MSG STATUS
Figure 2-67 LTE TDD & LTE-A TDD Uplink Modulation Accuracy - User02

SENSE:INT| SOURCE OFF | /B ALIGN OFF

[02:54:04 PMMar 06, 2014

Carrier Ref Freq: 2.600000000 GHz
Trig: Free Run
#Atten: 10 dB

[e]
IFGain:Low

Trece IR EI

Direction: Uplink
Num CC(s): 2

25137
TimeLen 42 Sym

Sty

op 299 carrier

TimeLen 42 Sym

o

Include Users

ll

< B
0n

R (]

PUSCH

Include Exclude

PUSCH DM-RS

Include Exclude

STATUS
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LTE TDD & LTE-ATDD Uplink Signal Measurement

Step Action Notes
Select the component Press M eas Setup, Component For CC1, repeat the above steps used for
carrier to be configured. Carrier, CC1. CCO0. Here the RB Auto-Detect is used.
TIP If CC1 has the same configuration as CCO0, the quick way to set up CC1 is to press Meas Setup,
Copy CCO to, CCT.
12View the result of Press View/Display, CC For The measurement result for CC1 should
CC1. Preset Views, CC1, then Preset  look like Figure 2-68.
View: Basic.
Figure 2-68 LTE TDD & LTE-A TDD Uplink Modulation Accuracy - CC1
BN Keysight LTETDD&LTE—ATI?E: Mn):iu\at\on Analysis : _ — [ [ el
E—— T TRt cuDipiy
[ Trig: Free Run Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2
Display»
s
Layout
Grid2x2
R
Component
Carrier»
cc1
Em———
25137 || start é’aﬁiw““"*‘“““ﬁ;ﬁ‘;ﬁ; Preset View:
TimeLen 42 Sym || Res BW 15 kHz TimeLen 42 Sym Basic
Ch1 Spectrum (CC1) T ) © | eomm——| |
Ref 30 dBm ‘ Preset View:
' Meas Summary
' inmem———
Preset View:
RB Slot Meas
e
More
Center 2.605 GH. 5 25.0000762939 MH. el
:;:Nﬁ.zirmzzkHz B TimeL e 3000023 ms . M - _l
13Change other Press M eas Setup to see the keys
measurement that are available for Average Setup
parameters. and Advanced settings to change
measurement parameters from
their default condition.
14 Select views and Press View/Display to select The preset view is a Grid 2x2 layout
measurement results. different views, the following which consists of 1Q Meas, Spectrum,
screen captures show examples of  Error Vector Spectrum and Error
Preset View: Basic, Preset Summary.

View: Meas Summary, Preset
View: RB Slot M eas, Preset
View: Subcarrier Meas and
Preset View: Cross-Carriers.
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LTE TDD & LTE-A TDD Uplink Signal Measurement

Step Action Notes

TIP You can select window control keys or double click using a mouse to expand one of the 4 windows
and look into more details for every measurement result. Pressing the window control keys again
or double clicking the mouse again will take you back to 4 display windows.

Figure 2-69 LTE TDD & LTE-A TDD Uplink Modulation Accuracy Measurement Result - CCO (Preset

View: Meas Summary)

BB Keysight LTE TDD & LTE-A TDD - Modulation Analysis B |
50 9 AC | SEMSE:EXT| | ALIGNAUTO | D2:11:23 P Jul 08, 2009 . .
Avg|Of e Viewl/Display

Input: RF [ Trig: Free Run Direction: Uplink
Range: 0.00 dBm BW: 5§ MHz(25 RB)

Display»>

Layout
Stack 2

Preset View:
Basic

Preset View:
Meas Summary

L 2 3] Aod.Frmt NumREB Preset View:

RB SlotMeas

Preset View:
Subcarrier Meas

|

This preset view provides the Error Summary and Frame Summary which are the composite result metrics and
characteristics of each of the logical channels.
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Making LTE TDD & LTE-A TDD Measurements
LTE TDD & LTE-ATDD Uplink Signal Measurement

Action Notes

Figure 2-70

LTE TDD & LTE-A TDD Uplink Modulation Accuracy Measurement Result - CCO (Preset
View: RB Slot Meas)

F‘ Keysight LTE TDD & LTE-A TDD - Modulation Analysis

[ ][-F ]
| SENSE:INT[ SOURCE OFF [ /\ALIGN OFF [03:05:05 PM Mar 06, 2014 . -
Carrier Ref Freq: 2.600000000 GHz TRACE ViewlDisplay
Cp) Trig: Free Run Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2

Display>
| B e |

O B T ] Layout
Grid2x2
| i E————— |

Component
Carrier»>
cco

Stop 49 RB || Start0 RB Stop 49 RB Preset View:
TimeLen 6 Slot § Res BW 15 kHz TimeLen6 Slot Basic

|
Preset View:
Meas Summary
||
Preset View:
RB SlotMeas
| i E————— |

More
10f2

_l

rum (CCO)

Ref 5 dB Ref15 %

—_—tt——

Start 4 slot Stop 9 slot | Start 28 slot Stop 33 slot

IM SG STATUS

This preset view is a Grid 2x2 layout, which provides details on the Resource Block with RB Power vs.
Spectrum, RB Error Mag Spectrum, RB Power vs. Time and RB Error Mag Time.

TIP Select one of the windows using the control keys or a single mouse click then press AMPTD Y
Scale, Auto Scale to have a more appropriate view.
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Step Action

Notes

Figure 2-71
View: Subcarrier Meas)

LTE TDD & LTE-A TDD Uplink Modulation Accuracy Measurement Result - CCO (Preset

BE Keysight LTE TDD & LTE-A TDD - Modulation Analysis

[P ]

]

IFGain:Low

| SENSE:INT[ SOURCE OFF | A\ALIGN OFF

Carrier Ref Freq: 2.600000000 GHz TRACE
Trig: Free Run Direction: Uplink
#Atten: 10 dB Num CC(s): 2

Ch1 OFDMW Err
Ref& %

Ch1 OFDM Er
Refd %

Time (CCQ)

Start 28 sym

et i M,
Stop 299 carrier
TimeLen 42 Sym

Stop 69 sym

Ch1 OFDM v Q)
Ref0.5 dB

Start 300 carrier
Res BW 15 kHz
Ch1 OFDH me (C

Ref 0.5 dB

Start 28 sym Stop 69 sym

‘DBJDE:‘M PM Mar 06, 2014

ViewlDisplay

Preset View:
Subcarrier Meas

Preset View:
Cross-Carriers

Stop 299 carrier
TimeLen 42 Sym

This preset view is a Grid 2x2 layout, which includes Error Vector Spectrum, 1Q Meas (Log Mag), Error Vector

Time and IQ Meas Time (Log Mag).
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Step Action Notes

Figure 2-72 LTE TDD & LTE-A TDD Uplink Modulation Accuracy Measurement Result (Preset View:

Cross-Carriers)

lﬁ Keysight LTE TDD & LTE-A TDD - Medulation Analysis
RF 500 AC

| SENSE:INT| SOURCE OFF |  M\ALIGN OFF [06:37:17 PMJul 17, 2014

Carrier Ref Freq: 2.600000000 GHz TRACE
Trig: Free Run Direction: Uplink
Atten: 10 dB (Elec 0) Num CC(s): 2

=R
Preset View:
Subcarrier Meas

{

Preset View:
Cross-Carriers

IM SG STATUS

This preset view provides the Error Summary of each Component Carrier and Cross-Carriers Summary

information about the Time Alignment Error (TAE) and Channel Power for each component carrier (CCx)
relative to the selected Reference Component Carrier (Reference CC).

TIP

Also, you can customize the view to show available data in different windows. Press
View/Display, Layout, Grid2x3, Trace/Detector, Select Trace, Data to customize the view.

Figure 2-73 shows the Error Summary and Frame Summary together with the constellation for
both CCO and CC1. The colors used in these three windows are related.
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Step Action Notes

Figure 2-73 LTE TDD & LTE-A TDD Uplink Modulation Accuracy Measurement Result - CCO & CC1
(Customized View)

B Keysight LTE TDD & LTE-A TDD - Modulation Analysis

[E=S[E=n

Trace/Detector

A

| SENSE:INT| SOURCE OFF | \ALTGN OFF |03:12:06 PMMar 06, 2014
Carrier Ref Freq: 2.600000000 GHz Trace [[IPIERIER|
i, Trig: Free Run Direction: Uplink
Num CC(s): 2

Select Trace’
Trace 6

CCFor
Selected Tracer
cc1

Data
Frame Summary

15413 Format
TimeLen 42 Sym [ m « I Log Mag (dB)

CCFor
All Traces

Digital Dt-:ml:)db
Trace Setup

e’

163425

More
10f3

15L ook into individual Press M eas Setup, Channel Observing individual signals or channels
physical signals and Profile Setup to see all channels  will provide you with specific information
channels. that can be included or excluded. of different signals or channels, this is
helpful for troubleshooting.

You can press each channel to include it
or exclude it or you can press Composite
Include to Include All or Exclude All. If
the channel is included, the data in this
channel will be included in the EVM
analysis. The following example shows
that only the PUSCH Signal is included
and PUSCH DM-RS is excluded.
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LTE TDD & LTE-ATDD Uplink Signal Measurement

Action Notes

Figure 2-74

LTE TDD & LTE-A TDD Downlink Modulation Accuracy Measurement Result (PUSCH)

BE Keysight LTETDD & LTE-A TDD - Modulation Analysis o[- | (3
RF 50Q AC | SENSE:INT| SOURCE OFF | ANALIGN OFF |03:15:20 PM Mar 06, 2014
Carrier Ref Freq: 2.600000000 GHz TRACE Include Users
[ Trig: Free Run Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2 User
Ch1 OFDM E m(SC0) 1
Ref® % kesm——
PUSCH
Include Exclude
eEse—
PUSCH DM-RS
% Include  Exclude
25321 Start 300 carrier Stop 299 carrier
TimeLen 42 Sym || Res BW 15 kHz TimeLen 42 Sym

um
Ref 30 dBm

Center 2.595 GHz Span 25.000076293% MHz
Res BW 1.27312 kHz TimeLen 3.000023 ms

If you have a problem, and get an error message, see the guide “ I nstrument
Messages’, which is provided on the Documentation CD ROM, and in the
instrument here:

C:\Program Files\K eysight\Signal Analysis\Infrastructure\Hel p\bookfil es.
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Conformance EVM M easurement

This section explains how to make the Conformance EVM measurement on aLTE
TDD & LTE-A TDD uplink signal. For detailed instruction about this measurement,
see “L TE & LTE-A Conformance EVM Measurement Concepts” on page 216.
Setting the Uplink Signal (Example)

The Modulation Analysis measurement signal is used in this example. See “Setting
the Uplink Signal (Example)” on page 102.

M easurement Procedure

Step Action Notes
1 Enablethe LTE TDD Press Mode, LTE TDD &

& LTE-A TDD LTE-A TDD.

measurements.
2 Preset the mode. Press M ode Preset.

3 Select thedirectionto  Press Mode Setup, Radio,
Uplink. Direction to be Uplink. Downlink
is the default setting.

4 Setthe carrier Press FREQ Channel, Carrier The center frequencies of carriers are
reference frequency. Ref Freq, 2.6, GHz defined as an offset frequency from this
value.

NOTE You may need to change the Center Freq and Center Freq Offset settings to satisfy the channel
spacing requirement according to the 3GPP standard.
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LTE TDD & LTE-ATDD Uplink Signal Measurement

Action

Notes

5 Configure the two
component carriers.

a. Press Mode Setup,
Component Carrier Setup.

b. Press Num Component
Carriers, 2.

c. Press Configure Component
Carriers, Component
Carrier, CCO.

d. Press Freq Offset, -5 MHz

e. Press Bandwidth Setup,
System BW, 10 MHz (50
RB).

f. Press ULDLAIlloc,
Configuration O
(DSUUUDSUUU).

g. Press DW/GP/Up Len,
More, Configuration 0.

h. Press Configure Component
Carriers, Component
Carrier, CC1.

i. PressFreq Offset, 5MHz

j- Press Bandwidth Setup,
System BW, 10 MHz (50
RB).

k. Press ULDLAIloc,
Configuration O
(DSUUUDSUUU).

. Press DW/GP/Up Len,
More, Configuration 0.

m. Press Carrier Allocation,
Contiguous.

The measurement example here is
contiguous carriers. If the carriers are
non-contiguous, the Carrier Allocation
under Component Carrier Setup needs
to be changed.

You may press Mode Setup, Preset to
Standard and configure ULDLAlloc and
DW/GP/Up Len for both carriers. Preset
System Bandwidth will affect a list of
parameters, see “Preset to Standard
Settings” on page 123.

6 Select the predefined
parameters such as
Analysis Slot, Meas
Interval or CP Length

Press M ode Setup, Predefined
Parametersto set up the
parameters. Configure Analysis Slot
to be TS4, Meas Interval to be 6
slots. CP Length to be Normal.

Analysis Slot is defined as the first slot
for analysis.

7 Initiate the
Conformance EVM
measurement.

Press M eas, Confor mance
EVM.
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Step Action Notes

You can enter the parameter values
manually or send SCPI commands to
change parameter settings in the
Parameter List view (under
View/Display).

8 Setup measurement
parameters.

If you have already configured the
settings in Modulation Analysis
measurement the same as this
example, you can simply use the
Copy from Modulation function to
automatically apply the parameter
values to Conformance EVM. Here
we will use Modulation Analysis
measurement RB Auto-Detect

For other Component Carrier settings,
press View/Display, Component Carrier
then select the carrier (such as CC1), the
Parameter List will be changed to CC1.

case. Press M eas Setup, Copy
from Mod Analysis.

9 Select views.

Press View/Display to select
different views: M easur ement
List, Parameter List, and
Result Metrics.

Figure 2-75

LTE TDD & LTE-A TDD Uplink Conformance EVM Measurement List

BM Keysight LTE TDD & LTE-A TDD - Conformance EVM

RF 50Q AC

| SENSE:INT[ SOURCE OFF [ /MALIGN OFF

[03:28:29 PM Mar 06, 2014

Carrier Ref Freq: 2.600000000 GHz

o Trig: FreeRun

Direction: Uplink

IFGain:Low #Atten: 10 dB Num CC(s): 2

Measurement Measurement Item * Display>
Compenent Carrier CCO EVM _
EVM Sym Time Adjust e ———

EVM Pk Measurement
EVM Pk Index List»

EVM Peak Sub Car Index [Show All:Off]
Data EVM * || EEEEEEEE

3GPP-defined QPSK EVM
3GPP-defined 16QAM EVM

3GPP-defined 64QAM EVM (CCo)
ReEVM | —
RS Tx Power
OFDM Symboel Tx Power Result Metrics
Freq Err
Sync Correlation
Sync Type
Common Tracking Error Component
Symbol Clock Error Carrier»
Time Offset CEC
Q Oftser ||
1Q Gain Imbalance
1Q Quad. Error CopyCCO To»|

1Q Timing Skew

CP Length Mede
Channel Power

In-band Emissions Result

In-band Emissions worst Margin

In-band Emissions worst Slot

In-band Emissions worst Slot | ~ |

STATUS

(= [ e [l
Viewl/Display

ll

Parameter List
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LTE TDD & LTE-ATDD Uplink Signal Measurement

Notes

Figure 2-76

LTE TDD & LTE-A TDD Uplink Conformance EVM Parameter List

Il Keysight LTE TDD & LTE-A TDD - Confermance EVM

RF
Number of Ant EI

| SENSE:INT| SOURCE OFF |

M ALTGN OFF

[03:28:05 PM Mar 06, 2014

Pp—— Carrier Ref Freq: 2.600000000 GHz Parameter List
Cy Trig: Free Run Direction: Uplink
IFGain:Low #Atten: 10 dB Num CC(s): 2 Value
Name SCPI Value |~ 2
I Number of Ant Elements  :CEVM:CCARrier0:DLINK:AENumber 2]=
Ant Element Spacing :CEVM:CCARrier0:DLINk:AESPacing 0500
DL, PDSCH Cell Specif... :CEVM:CCARrier0:DLINk:PDSCh:CSRatio R1
Downlink Add User :CEVM:CCARrier0:DLINk:PROFile:ADD:USER Immediate
DL Auto Det Ctrl Chan... :CEVM:CCARrier0:DLINk:PROFile:AUTO:DETect:CCPower On
DL RB Auto Det Mode :CEVM:CCARrier0:DLINk:PROFile:AUTO:DETect: MODE POWer
DL RB Aute Det Power :CEVM:CCARrier0:DLINk:PROFile:AUTO:DETect:POWer On
DL RB Aute Det Power... | :CEVM:CCARrier0:DLINK:PROFile:AUTO:DETect:POWer:PMODe off
DL, Power Boost Round | :CEVM:CCARrier0:DLINK:PROFile:AUTO:DETect:POWer:ROUNd On
DL Auto, PDSCH Code. :CEVM:CCARrier0:DLINk:PROFile:AUTO:PDSCh:CBINdex 0
DL Auto, PDSCH Prec... | :CEVM:CCARrier0:DLINk:PROFile:AUTO:PDSCh:CDD WOoCDd
DL Auto, Number of C.. :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:NCODewords 1
DL Auto, Number of La CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:NLAYers 1
DL Auto, PDSCH Prec... | :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:PRECoding OFF
CW1 16QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM16:CWONe:ENABle On
CW1 16QAM Power Bo... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM16:CWONe:PWRBoost 0.000 dB
CW0 16QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM16:CWZero:ENABle On
PDSCH 16QAM EPRE :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM16:EPRE 0.000 dB
CW0 16QAM Power Bo... | :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM16:PWRBoost 0.000 dB
CW1 64QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM64:CWONe:ENABIe On
CW1 64QAM Power Bo... :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAMG4:CWONe:PWRBoost 0.000 dB
CW0 64QAM Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAMG4:CWZero:ENABle On
PDSCH 64QAM EPRE :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM64:EPRE 0.000 dB
CW0 64QAM Power Bo... | :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QAM64:PWRBoost 0.000 dB
CW1 QPSK Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QPSK:CWONe:ENABle Oon
CW1 QPSK Power Boost | :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QP SK:CWONe:PWRBoost 0.000 dB
CWO0 QPSK Enable :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QPSK:CWZero:ENABle Oon
PDSCH QPSK EPRE :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QPSK:EPRE 0.000 dB
CWO0 QPSK Power Boost | :CEVM:CCARrier0:DLINK:PROFile:AUTO:PDSCh:QP SK:PWRBoost 0.000 dB
PMCH Auto Powor Bo.. :CEVM:CCARrie INk:PROFile:AUTO:PMCH:PWRBoost 0.000 dB i

MSG

STATUS

NOTE

The parameter name, related SCPI and values are listed in the Parameter List view with a tabular
format. You can send the SCPI to change them or you can manually change them by selecting the
parameter using the knob or up and down arrows then enter the value using front panel keys.

TIP

If you want to import the CCO Parameter List to CC1, press View/Display, Component Carrier, CCO,

then Copy CCO to, CC1.
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Preset to Sandard Settings

The following tables summarizes the default value using Mode Setup, Preset to
Standard for Power measurement.

Table 2-3 Channel Power Preset to Sandard Value

Band wid th IntegBW

1.4MHz 1.4MHz

3MHz 3MHz

5MHz 5MHz

10MHz 10MHz

15MHz 15MHz

20MHz 20MHz

RBW, VBW, SPAN and Sweep Time will be determined by IntegBW automatically.

Table 2-4 Occupied Bandwidth Preset to Sandard Value
Band wid th RBW SPAN Limit
1.4MHz 30KHz | 20MHz | 1.4MHz
3MHz 30KHz 20MHz | 3MHz
5MHz 30KHz | 20MHz | 5MHz
10MHz 30KHz 20MHz | 10MHz
15MHz 30KHz | 20MHz | 15MHz
20MHz 30KHz 25MHz | 20MHz
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VBW and Sweep Time will be determined automatically.

Table 2-5 ACP Preset to Sandard Value (2-1)
Direction | Bandwidth | Meas Carrier | Offset | Offset Offset RBW VBW | Filter
Noise Spacing Freq IntegBW
BW
Downlink | 1.4MHz 1.095M | 1.4MHz | A 1.4MHz | 1.095MHz | 100kHz | Auto | None
Hz B 2.8MHz | 1.095MHz | 100kHz | Auto | None
3MHz 2.715M | 3MHz A 3MHz 2.715MHz | 100kHz | Auto | None
Hz B 6MHz | 2.715MHz | 100kHz | Auto | None
5MHz 4515M | 5MHz A 5MHz 4515MHz | 100kHz | Auto | None
Hz B 10MHz | 4.515MHz | 100kHz | Auto None
10MHz 9.015M | 10MHz | A 10MHz | 9.015MHz | 100kHz | Auto | None
Hz B 20MHz | 9.015MHz | 100kHz | Auto None
15MHz 13.515M | 156MHz | A 15MHz | 13.515M | 100kHz | Auto | None
Hz Hz
B 30MHz | 13.515M | 100kHz | Auto | None
Hz
20MHz 18.015M | 20MHz | A 20MHz | 18.015M | 100kHz | Auto | None
Hz Hz
B 40MHz | 18.015M | 100kHz | Auto | None
Hz
Bandwidth | Meas Carrier | Offset | Offset Offset RBW VBW | Filter
Noise Spacing Freq IntegBW
BW
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Table 2-5 ACP Preset to Sandard Value (2-1)
Direction | Bandwidth | Meas Carrier | Offset | Offset | Offset RBW VBW | Filter
Noise Spacing Freq IntegBW
BW
Uplink 1.4MHz 1.08MHz | 1.4MHz | A 1.4MHz | 1.08MHz | 100kHz | Auto | None
B 2.8MHz | 1.08MHz | 100kHz | Auto | None
3MHz 2.7MHz | 3MHz A 3MHz 2.7MHz 100kHz | Auto | None
B 6MHz 2.7MHz 100kHz | Auto | None
5MHz 45MHz | 5MHz A 5MHz | 4.5MHz 100kHz | Auto | None
B 10MHz | 4.5MHz 100kHz | Auto | None
10MHz 9MHz 10MHz | A 10MHz | 9MHz 100kHz | Auto | None
B 20MHz | 9MHz 100kHz | Auto | None
15MHz 13.5MHz | 15MHz | A 15MHz | 13.5MHz | 100kHz | Auto | None
B 30MHz | 13.5MHz | 100kHz | Auto | None
20MHz 18MHz 20MHz | A 20MHz | 18MHz 100kHz | Auto | None
B 40MHz | 18MHz 100kHz | Auto | None
Table 2-6 ACP Preset to Sandard Value (2-2)
Direction | Band Offset Abs Limit | Rel Fail
Limit Mask
Downlink | 1.4MHz | A -14.61 0dB AND
B -14.61 0dB AND
3MHz A -10.66 0dB AND
B -10.66 0dB AND
5MHz A -8.45 0dB AND
B -8.45 0dB AND
10MHz | A -5.45 0dB AND
B -5.45 0dB AND
15MHz | A -3.69 0dB AND
B -3.69 0dB AND
20MHz | A -2.44 0dB AND
B -2.44 0dB AND
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Table 2-6 ACP Preset to Sandard Value (2-2)
Direction | Band Offset Abs Limit | Rel Fail
Limit Mask
Band Offset Rel Fail
Limit Mask
Uplink 1.4MHz | A -50.0 0dB AND
B -50.0 0dB AND
3MHz A -50.0 0dB AND
B -50.0 0dB AND
5MHz A -50.0 0dB AND
B -50.0 0dB AND
10MHz | A -50.0 0dB AND
B -50.0 0dB AND
15MHz | A -50.0 0dB AND
B -50.0 0dB AND
20MHz | A -50.0 0dB AND
B -50.0 0dB AND
Table 2-7 Spectrum Emission Mask Preset to Sandard Value (2-1)
Bandwidth | Direction Integ BW | Span Sweep Time | ResBW | VideoBW | VBW/RBW
1.4MHz Downlink 1095000 | 1.4MHz | Auto Auto Auto Auto
3MHz Downlink 2715000 | 3MHz Auto Auto Auto Auto
5MHz Downlink 4515000 | 5MHz | Auto Auto Auto Auto
10MHz Downlink 9015000 | 10MHz | Auto Auto Auto Auto
15MHz Downlink 13515000 | 15MHz | Auto Auto Auto Auto
20MHz Downlink 18015000 | 20MHz | Auto Auto Auto Auto
Bandwidth | Direction Integ BW | Span Sweep Time | ResBW | VideoBW | VBW/RBW
1.4MHz Uplink 1080000 | 1.4MHz | Auto Auto Auto Auto
3MHz Uplink 2700000 | 3MHz | Auto Auto Auto Auto
5MHz Uplink 4500000 | 5MHz Auto Auto Auto Auto
10MHz Uplink 9000000 | T0MHz | Auto Auto Auto Auto
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Table 2-7 Fpectrum Emission Mask Preset to Sandard Value (2-1)
15MHz Uplink 13500000 | 15MHz | Auto Auto Auto Auto
20MHz Uplink 18000000 | 20MHz | Auto Auto Auto Auto
Table 2-8 Spectrum Emission Mask Preset to Sandard Value (2-2)
BW | Offset | Offset | Offset | Start Stop RBW VBW | VBW/ | Sweep | Limit Limit
side Define | Freq Freq RBW ABS ABS
Start Stop
Downlink
14 | A Both ETOC 0.05MHz | 1.45MHz | 51KHz | Auto | Man Auto +0.5dBm | -9.5d
MHz (0.01) Bm
B Both ETOC 1.45MHz | 2.85MHz | 100KHz | Auto | Man Auto -9.5dBm | AUTO
(0.01)
C Both ETOC | 3.3MHz | 15MHz TMHz Auto | Man Auto -15dBm | AUTO
(0.01)
3 A Both ETOC 0.05MHz | 3.05MHz | 51KHz | Auto | Man Auto -3.5dBm | -13.5
MHz (0.01) dBm
B Both ETOC 3.06MHz | 6.05MHz | 100KHz | Auto | Man Auto -13.5dB | AUTO
(0.01) m
C Both ETOC | 6.bMHz | 15MHz TMHz Auto | Man Auto -15dBm | -AUTO
(0.01)
5 A Both ETOC 0.05MHz | 5.056MHz | 51KHz | Auto | Man Auto -5.5dBm | -125
MHz (0.01) dBm
B Both ETOC 5.06MHz | 10.05M T100KHz | Auto | Man Auto -12.5dB | AUTO
Hz (0.01) m
C Both ETOC 10.5MHz | 15MHz TMHz Auto | Man Auto -15dBm | AUTO
(0.01)
10 A Both ETOC 0.05MHz | 5.056MHz | 51KHz | Auto | Man Auto -5.5dBm | -12.5
MHz (0.01) dBm
B Both ETOC 5.06MHz | 10.05M T100KHz | Auto | Man Auto -12.5dB | AUTO
Hz (0.01) m
C Both ETOC 10.5MHz | 15MHz TMHz Auto | Man Auto -15dBm | AUTO
(0.01)
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Table 2-8 Soectrum Emission Mask Preset to Sandard Value (2-2)
BW | Offset | Offset | Offset | Start Stop RBW VBW | VBW/ | Sweep | Limit Limit
side Define | Freq Freq RBW ABS ABS
Start Stop
15 A Both ETOC | 0.05MHz | 5.06MHz | 51KHz | Auto | Man Auto -5.5dBm | -12.5
MHz (0.01) dBm
B Both ETOC 5.05MHz | 10.05M T00KHz | Auto | Man Auto -12.5dB | AUTO
Hz (0.01) m
C Both ETOC 10.5MHz | 15MHz 1MHz Auto | Man Auto -15dBm | AUTO
(0.01)
20 A Both ETOC | 0.05MHz | 5.06MHz | 51KHz | Auto | Man Auto -5.5dBm | -12.5
MHz (0.01) dBm
B Both ETOC 5.05MHz | 10.05M T00KHz | Auto | Man Auto -12.5dB | -AUTO
Hz (0.01) m
C Both ETOC 10.5MHz | 15MHz TMHz Auto | Man Auto -15dBm | AUTO
(0.01)
Uplink
1.4 | A Both ETOC 15.00 985.0 15KHz | Auto | Man Auto -11.50 AUTO
MHz kHz kHz (0.01) dBm
B Both ETOC 1.50 450 510KHz | Auto | Man Auto -8.50 AUTO
MHz MHz (0.01) dBm
C Both ETOC 5.50 5.50MHz | TMHz Auto | Man Auto -23.50 AUTO
MHz (0.01) dBm
3 A Both ETOC 15.00 985.0 15KHz | Auto | Man Auto -8.50 AUTO
MHz kHz kHz (0.01)
B Both ETOC 1.50 2.00MHz | 510KHz | Auto | Man Auto -8.50dB | AUTO
MHz (0.01) m
C Both ETOC 3.00 3.00MHz | TMHz Auto | Man Auto -23.50d | AUTO
MHz (0.01) Bm
5 A Both ETOC 15.00 985.0 15KHz | Auto | Man Auto -13.50d | AUTO
MHz kHz kHz (0.01) Bm
B Both ETOC 1.50 4 5MHz 510KHz | Auto | Man Auto -8.5dBm | AUTO
MHz (0.01)
C Both ETOC 5.50MHz | 5.50MHz | TMHz Auto | Man Auto -11.5dB | AUTO
(0.01) m
D Both ETOC 6.5MHz | 95MHz | TMHz Auto | Man Auto -23.50d | AUTO
(0.01) Bm
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Table 2-8 Spoectrum Emission Mask Preset to Sandard Value (2-2)
BW | Offset | Offset | Offset | Start Stop RBW VBW | VBW/ | Sweep | Limit Limit
side Define | Freq Freq RBW ABS ABS
Start Stop
10 A Both ETOC 15.00 985.0 15KHz | Auto | Man Auto -16.5dB | AUTO
MHz kHz kHz (0.01) m
B Both ETOC 1.50 45MHz | 510KHz | Auto | Man Auto -8.5dBm | AUTO
MHz (0.01)
C Both ETOC 5.50 9.50MHz | TMHz Auto | Man Auto -11.50d | AUTO
MHz (0.01) Bm
D Both ETOC 10.50M 14.5MHz | TMHz Auto | Man Auto -23.50d | AUTO
Hz (0.01) Bm
15 A Both ETOC 15.00 985.0 15KHz | Auto | Man Auto -18.50d | AUTO
MHz kHz kHz (0.01) Bm
B Both ETOC 1.50 45MHz | 510KHz | Auto | Man Auto -8.50dB | AUTO
MHz (0.01) m
C Both ETOC 5.50MHz | 14.50M TMHz Auto | Man Auto -11.50d | AUTO
Hz (0.01) Bm
D Both ETOC 15.50M 19.5MHz | TMHz Auto | Man Auto -23.5dB | AUTO
Hz (0.01) m
20 A Both ETOC 15.00 985.0 15KHz | Auto | Man Auto -19.50d | AUTO
MHz kHz kHz (0.01) Bm
B Both ETOC 1.50 4 5MHz 510KHz | Auto | Man Auto -8.50dB | AUTO
MHz (0.01) m
C Both ETOC 5.50MHz | 19.50M TMHz Auto | Man Auto -11.50d | AUTO
Hz (0.01) Bm
D Both Both 20.50M 24.50M TMHz Auto | Man Auto -23.5dB | AUTO
Hz Hz (0.01) m
Table 2-9 Power Sat CCDF Preset to Sandard Value
Band wid th Info BW
1.4MHz 1.5MHz
3MHz 4MHz
5MHz 6MHz
10MHz 25MHz
15MHz 25MHz
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Table 2-9 Power Sat CCDF Preset to Sandard Value
Band wid th Info BW
20MHz 25MHz
Table 2-10 Modulation Analysis Measurement Preset to Sandard Value
Parameter Preset Value
Bandwidth The selected standard bandwidth
Analysis Start Boundary Frame
Antenna Detection Threshold -10dB
CellID Auto

Composite Include

All channels selected:

Downlink channels: QPSK, QAM16, QAM64, P-SS. S-SS, PBCH,
PCFICH, PHICH, PDCCH, RS

Uplink channels: User_01 PUSCH, User_01 PUSCH DMRS

Control Chan Precoding

Off

CP Length Auto

Equalizer Training RS, Moving Avg Filter selected: 19 RS
EVM Window Length 3GPP

Extend Freq Lock Range Cleared

Span The frequency span is determined by the sample rate and FFT size,
which are set according to the LTE standard for the specified
bandwidth.

Half Subcarrier Shift Selected

|Q Offset Compensate Cleared

Measurement Interval Slot

as many slots as possible up to 2 slots

Measurement Offset Slot

0 slots, O symbol-times

Include Non Allocation? EXCLud
Number of Tx Antenna 1

Power Boost Normalize Selected
PUSCH DFT Swap Selected
Report EVM in dB Cleared

Result Length

as many slots as possible up to 20 slots
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Table 2-10 Modulation Analysis Measurement Preset to Sandard Value
Parameter Preset Value
RS-PRS Custom

Shared Chan Precoding

Off

Symbol Timing Adjust

Max of EVM Window Start / Stop

Sync Type Downlink: P-SS
Uplink: PUSCH DM-RS

Time Scale Factor 1

Track Amplitude Selected

Track Phase Selected

Track Timing Selected

Tx Diversity / MIMO

Control Chan Precoding: Off

Shared Chan Precoding: Off

Downlink

Detection Selected
Include QPSK Selected
Include 16QAM Selected
Include 64QAM Selected
PDSCH

Power Boost (dB) 0

Uplink

Detection Selected
CellID 0

Group Hopping Cleared
Seq Hopping Cleared
Include PUSCH Selected
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Table 2-10 Modulation Analysis Measurement Preset to Sandard Value
Parameter Preset Value
Include PUCCH Checkbox disabled (PUCCH not configured by default)
PUSCH
Sync Slot 0
DMRS Parameters Cleared
RB Start 0
RB End 0
Mod Type QPSK
Power (dB) 0
DMRS Group (u) 0
DMRS Seq (v) 0
DMRS Cyclic Shift 0
DMRS Power (dB) 0
PUCCH
Sync Slot 0
First RB 0
Cyclic Shift 0
Format Type 2
0S Index0
Power (dB) 0
DMRS Group (u) 0
DMRS Power (dB) 0
LTE Downlink Control Channel
Properties (Edit Control Params...)
defaults
Parameter Preset Value
P-SS Power Boost 0.65dB
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Table 2-10 Modulation Analysis Measurement Preset to Sandard Value
Parameter Preset Value
S-SS Power Boost 0.65dB
PBCH Power Boost 0dB
PCFICH Power Boost 0dB
RS Power Boost 2.5dB
PDCCH Power Boost 0dB

PDCCH Allocations

3 per subframe for all subframes

PDCCH Allocation Constant Selected
PHICH Power Boost 0dB
Despread I1Q Orthogonal Sequence Cleared
Index

PHICH Allocation Ng 1
PHICH Duration Normal
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3  Concepts

KEYSIGHT

TECHNOLOGIES

This chapter presents an overview of the 3GPP LTE communications system
including both LTE & LTE-A FDD and TDD. It also provides what’s new in
LTE-Advanced and its key technologies. The details on how various measurements
are performed by the instrument are described in measurement concepts section. A
list of acronyms and alist of reference documents for further investigation is
provided.
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LTE Technical Overview

This section describes the Long Term Evolution (LTE) of the universal mobile
telecommunication system (UMTS), which is being devel oped by the 3rd Generation
Partnership Project (3GPP). Detailsinclude LTE’s use of multiple antenna
techniques and a new modulation scheme called single carrier frequency division
multiple access (SC-FDMA) used in the LTE uplink.

There are two types of frame structure in the LTE standard, Type 1 and Type 2. LTE
Type 1 uses Frequency Division Duplexing (uplink and downlink separated by
frequency), and LTE Type 2 uses Time Division Duplexing (uplink and downlink
separated intime). This overview covers both LTE Type 1 FDD signalsand LTE
Type 2 TDD signals described in the March 2009 release of the standard.

LTE isdesigned to provide the following features:

Increased downlink and uplink peak datarates, as shownin Table 3-1 and Table
3-2. Note that the downlink is specified for single input single output (SISO) and
multiple input multiple output (MIMO) antenna configurations at afixed 64QAM
modulation depth, whereas the uplink is specified only for SISO but at different
modulation depths. These figures represent the physical limitation of the FDD
and TDD air interface and in ideal radio conditions with allowance for signaling
overheads.

Scalable bandwidth from 1.4, 3.0, 5, 10, 15, 20 MHz in both the uplink and the
downlink

Spectral efficiency, with improvements for high speed packet access (HSPA)
Sub-5 ms latency for small internet protocol (IP) packets

Optimized performance for low mobile speeds from 0 to 15 km/h; supported with
high performance from 15 to 120 km/h; functional from 120 to 350 km/h.
Support for 350 to 500 km/h is under consideration

Co-existence with legacy standards while evolving toward an all-1P network.

Table 3-1 LTE FDD Downlink Peak Data Rates (64QAM)
Antenna configuration SISO 2x2 MIMO 4x4 MIMO
Peak Data Rate Mbps 100 172.8 326.4
Table 3-2 LTE FDD Uplink Peak Data Rates (Sngle Antenna)
Modulation Depth QPSK 16QAM 64QAM
Peak Data Rate Mbps 50 57.6 86.4
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LTE Specification Documents

Release 7 of the 3GPP specifications included the study phase of LTE. Asaresult of
this study, requirements were published in TR 25.913 for LTE in terms of objectives,
capability, system performance, deployment, E-UTRAN architecture and migration,
radio resource management, complexity, cost, and service.

E-UTRA, E-UTRAN, and the EPC are defined in the 36-series of 3GPP Release 8:
» 36.100 series, covering radio specifications and evolved Node B (eNB)

» 36.200 series, covering layer 1 (physical layer) specifications

» 36.300 series, covering layer 2 and 3 (air interface signaling) specifications

* 36.400 series, covering network signaling specifications

» 36.500 series, covering user equipment conformance testing

» 36.800 and 36.900 series, which are technical reports containing background
information

The latest version of the 36-series documents can be found at
http://www.3gpp.org/ftp/specs/archive/36_seried.

LTE Network Architecture

LTE employs a new network architecture made up of multiple Evolved Packet Cores
(EPCs) that communicate with each other and with evolved universal terrestrial radio
access network base stations (eNBs), see Figure 3-1. Each EPC contains a Mobile
Management Entity (MME) and a System Architecture Evolution Gateway (SAE)
comprised of Gateway elements (S-GW). The eNB stations communicate with the
EPCs, with each other, and with user equipment (UE).

A new interface called X2 connects the eNBs, enabling direct communication
between the elements and eliminating the need to funnel data back and forth through
the radio network controller (RNC).

The E-UTRAN is connected to the EPC through the S1 interface, which connectsthe
eNBs to the mobility management entity (MME) and serving gateway (S-GW)
elements through a " many-to-many” relationship.
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Figure 3-1

Figure 3-2

LTE architecture with E-UTRAN (TS 36.300 V8.8.0 Figure 4-1)
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One of the simplifications of this architecture is to push more signaling down to the

eNBs by splitting the user plane and mobility management entities. This functional
split isdepicted in Figure 3-2.

eNB
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| Connection Mobility Cont, |
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The eNB now hosts these functions:

Radio resource management
IP header compression and encryption
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» Selection of MME at UE attachment

» Routing of user plane datatowards S-GW

» Scheduling and transmission of paging messages, ETWS messages and broadcast
information

* Mohility measurement and reporting configuration

The MME functions include:

» Distribution of paging messages to eNBs

»  Security control

» |dle state mobility control

» SAE bearer control

» Ciphering and integrity protection of non-access stratum (NAS) signaling

The S-GW hosts these functions;

» Termination of user-plane packets for paging reasons
» Switching of user plane for UE mobility

The P-GW hosts these functions:

» Packet filtering
 UE IP address allocation

Theradio protocol architecture of E-UTRAN is specified for the user plane and the
control plane. The user plane comprises the packet data convergence protocol
(PDCP), radio link control (RLC), medium access control (MAC), and physical layer
(PHY); the control plane performs the radio resource control (RRC). Both the user
plane and control plane are terminated in the eNB. A detailed description of theradio
protocol architecture is beyond the scope of this document, however, more
information is available in TS 36.300 and other documents in the 36.300 series.

Multiple Access Technology in the Downlink: OFDM and OFDMA

Downlink and uplink transmission in LTE are based on the use of multiple access
technologies: specifically, orthogonal frequency division multiple access (OFDMA)
for the downlink, and single-carrier frequency division multiple access (SC-FDMA)
for the uplink.

OFDM vs. CDMA

The LTE downlink is transmitted using OFDMA, avariant of orthogonal frequency
division multiplexing (OFDM), a digital multi-carrier modulation schemethat is
widely used in wireless systems but relatively new to cellular. Rather than transmit a
high-rate stream of datawith asingle carrier, OFDM makes use of alarge number of
closely spaced orthogonal subcarriersthat are transmitted in parallel.

Each subcarrier is modul ated with a conventional modulation scheme (such as
QPSK, 16QAM, or 64QAM) at alow symbol rate. The combination of hundreds or
thousands of subcarriers enables data rates similar to conventional single-carrier
modulation schemes in the same bandwidth.
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Figure 3-3
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Thediagram in Figure 3-3 taken from TS 36.8929 illustrates the key features of an
OFDM signal in frequency and time. In the frequency domain, multiple adjacent
tones or subcarriers are each independently modulated with data. Then in the time
domain, guard intervals are inserted between each of the symbolsto prevent
inter-symbol interference at the receiver caused by multi-path delay spread in the
radio channel.
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Although OFDM has been used for many yearsin communication systems, itsusein
mobile devicesis more recent. The European Telecommunications Standards
Ingtitute (ETSI) first looked at OFDM for GSM back in the late 1980s; however, the
processing power required to perform the many FFT operations at the heart of
OFDM was at that time too expensive and demanding for a mobile application. In
1998, 3GPP seriously considered OFDM for UMTS, but again chose an alternative
technology based on code division multiple access (CDMA). Today the cost of
digital signal processing has been greatly reduced and OFDM is now considered a
commercially viable method of wireless transmission for the handset.

When compared to the CDMA technology upon which UMTS is based, OFDM
offers anumber of distinct advantages:

* OFDM can easily be scaled up to wide channels that are more resistant to fading.

* OFDM channel equalizers are much simpler to implement than are CDMA
equalizers, asthe OFDM signal is represented in the frequency domain rather
than the time domain.

*  OFDM can be made completely resistant to multi-path delay spread. Thisis
possible because the long symbols used for OFDM can be separated by a guard
interval known as the cyclic prefix (CP). The CPisacopy of the end of a symbol
inserted at the beginning. By sampling the received signal at the optimum time,
the receiver can remove the time domain interference between adjacent symbols
caused by multi-path delay spread in the radio channel.
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» OFDM is better suited to MIMO. The frequency domain representation of the
signal enables easy pre-coding to match the signal to the frequency and phase
characteristics of the multi-path radio channel.

However, OFDM does have some disadvantages. The subcarriers are closely spaced
making OFDM sensitive to frequency errors and phase noise. For the same reason,
OFDM is aso sensitive to Doppler shift, which causes interference between the
subcarriers. Pure OFDM also creates high peak-to-average signals, and that iswhy a
maodification of the technology called SC-FDMA isused in the uplink. SC-FDMA is
discussed later.

OFDM is more difficult to operate than CDMA at the edge of cells. CDMA uses
scrambling codes to provide protection from inter-cell interference at the cell edge
whereas OFDM has no such feature. Therefore, some form of frequency planning at
the cell edgesisrequired. Figure 3-4 gives one example of how this might be done.
The color yellow represents the entire channel bandwidth and the other colors show
aplan for frequency re-use to avoid inter-cell interference at the cell edges.

Figure 3-4 Example of Frequency Planning to Avoid Inter-Cell Interference at the Cell Edges
The main differences between CDMA and OFDM are shown in Table 3-3.
Table 3-3 Comparison of CDMA and OFDM
Attribute CDMA OFDM
Transmission Bandwidth Full system bandwidth Variable up to full system

bandwidth

141



Concepts
LTE Technical Overview

Table 3-3 Comparison of CDMA and OFDM
Attribute CDMA OFDM
Symbol period Very short - inverse of system Very long - defined by
bandwidth subcarrier spacing and
independent of system spacing
Separation of users Orthogonal spreading codes Frequency and time

Adding TDMA to OFDM to Create ODFMA

With standard OFDM, very narrow UE-specific transmissions can suffer from
narrowband fading and interference. That iswhy for the downlink 3GPP chose
OFDMA, which incorporates elements of time division multiple access (TDMA).
OFDMA alows subsets of the subcarriersto be allocated dynamically among the
different users on the channel, as shown in Figure 3-5. The result is a more robust
system with increased capacity. Thisis due to the trunking efficiency of multiplexing
low rate users and the ability to schedule users by frequency, which provides
resistance to multi-path fading.

Figure 3-5 Comparison of Satic and Dynamic OFDMA Subcarrier Allocation

. Subcarriers R ) Subcarriers

| L4 | v
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LTE Frame Sructure

There are two types of frame structure in the LTE standard, Type 1 and Type 2. Type
1 uses Frequency Division Duplexing (uplink and downlink separated by frequency),
and TDD uses Time Division Duplexing (uplink and downlink separated in time).
The frame structure type 1 and type 2 are shown in Figure 3-6.
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Figure 3-6 LTE Frame Sructure
Frame Structure Type 1 (FDD)
- One radio frame, T, = 307200 x Ts = 10ms -
<One slot, Ty, = 153603 Ts = 0.5 ms
#0 #1 #2 #3 .. #18 #19
One subframe
Subframe 0 Subframe 1 Subframe 9
Frame Structure Type 2 (TDD)
» COne radio frame, T; = 307200 x Ts = 10 ms a
; One half-frame, 153600 % Ts = 5ms
Cne subfra:’ne, 30720 Ts = 1ms ; For 5ms switch-point periodicity
#0 #2 | #H | M| % # | # | H
DwPTS, T(variable) UpPTS, Tivariable) Oéne slot, For 10ms switch-point periodicity
Guard period, Tevarable) To=15360%Ts = 0.5 ms
In FDD mode, uplink and downlink frames are separated in frequency. Both uplink
and downlink frames are 10 ms long and are transmitted continuously. The base
station (eNB) can specify atime offset (in PDCCH) to be applied to the uplink frame
relative to the downlink frame.
In TDD mode, each radio frame is 10 mslong and consists of two half frames. Each
half frame contains 5 subframes. There are seven defined uplink-downlink
configuration shown in Table 3-4. "D" denotes the subframeis reserved for
downlink transmissions, "U" denotes the subframe is reserved for uplink
transmissions and subframe #1 and sometimes subframe #6 consist of three special
fields: Downlink Pilot Timeslot (DWPTS), Guard Period (GP) and Uplink Timeslot
(UpPTS). Table 3-4 shows the configuration of special subframe.
Table 3-4 LTE TDD Uplink-Downlink Configurations
Uplink-Dowlink ~ Switch-Point Subframe Number
Configuration Periodicity
0 1 2 3 4 5 6 7 8 9
0 5ms D S U U u D S U U U
1 5ms D S U U D D S U U D
2 5ms D S U D D D S U D D
3 10 ms D S U U U D D D D D
4 10 ms D S U U D D D D D D
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Table 3-4 LTE TDD Uplink-Downlink Configurations
Uplink-Dowlink  Switch-Point Subframe Number
Configuration Periodicity
5 10 ms D S U D D D D D D D
6 5ms D S U u U D S U U D
Table 3-5 LTE TDD Special Subframe Configurations (DWPTSGP/UpPTS)
Special Normal cyclic prefix in downlink Extended cyclic prefix in downlink
subframe S S S S
configuration DwPT. UpPT DwPT. UpPT
Normal Extended Normal Extended
cyclic cyclic cyclic cyclic prefix
prefix prefix prefix in in uplink
inuplink  in uplink uplink
0 6592-T,  2192.T,  2560-T, 7680-T,  2192-T, 2560-T,
1 19760-T, 20480-T,
2 21952-T, 23040- T,
3 24144.T, 25600 T,
4 26336 T, 7680-T,  4384-T, 5120-T,
5 6592-T, 4384-T,  5120-T, 20480- T,
6 19760- T, 23040-T,
7 21952 T, - - -
8 24144.T, - - -

The flexible assignment for downlink or uplink slot in aframe enables asymmetric
data rates. Depending on the switch-point periodicity of 5 msor 10 ms, there can be
one or two changes of direction within the frame. See Figure 3-7.
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Figure 3-7 LTE TDD Switch-point Periodicity
5 ms switch-point periodicity
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Transmission Bandwidths

LTE must support the international wireless market and regional spectrum
regulations and spectrum availahility. To this end the specifications include variable
channel bandwidths selectable from 1.4 to 20 MHz, with subcarrier spacing of 15
kHz. Subcarrier spacing is constant regardless of the channel bandwidth. 3GPP has
defined the LTE air interface to be “ bandwidth agnostic,” which allowsthe air
interface to adapt to different channel bandwidths with minimal impact on system
operation.

The smallest amount of resource that can be allocated in the uplink or downlink is
called aresource block (RB). An RB is 180 kHz wide and lasts for one 0.5 ms
timeslot. For LTE, an RB is comprised of 12 subcarriers at a 15 kHz spacing. The
maximum number of RBs and subcarriers supported by each transmission bandwidth
isgivenin Table 3-6.
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Table 3-6 Transmission Bandwidth Configurations
Channel BW (MHz) 1.4 3.0 5 10 15 20
Nominal bandwidth 6 15 25 50 75 100
configuration (resource blocks)
Downlink Subcarriers 73 181 301 601 901 1201
Uplink Subcarriers 72 180 300 600 900 1200

For downlink signals, the DC subcarrier is not transmitted, but is counted in the
number of subcarriers. For uplink, the DC subcarrier does not exist because the
entire spectrum is shifted down in frequency by half the subcarrier spacing and is
symmetric about DC.

LTE Timeunits

There arefour time units used in describing an LTE frame: frame, subframe, sot, and
symbol as shown in Table 3-7.

Table 3-7 LTE Time Units
Time Unit Value
Frame 10 ms
Subframe 1ms
Slot 0.5ms
Symbol 05ms/7

Thetime units areillustrated in Figure 3-8. A resource block (RB) is the smallest
unit of resources that can be allocated to a user. The resource block is 12 subcarriers
wide in frequency and 7 symbols (1 slot) long in time.

Frequency units can be expressed in number of subcarriers or resource blocks. For
instance, a5 MHz downlink signal could be described as being 25 resource blocks
wide or 301 subcarriers wide in frequency.
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Figure 3-8 LTE Time Units
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Duplexing Techniques

To support transmission in paired and unpaired spectrum, the LTE air interface
supports both frequency division duplex (FDD) and time division duplex (TDD)
modes.

Modulation and Coding

Just like High Speed Data Packet Access (HSDPA), the LTE system also uses
adaptive modulation and coding (AMC) to improve data throughput. This technique
varies the downlink modulation coding scheme based on the channel conditions for
each user. When the link quality is good, the LTE system can use a higher order
modulation scheme (more bits per symbol), which will result in more system
capacity. On the other hand, when link conditions are poor due to problems such as
signal fading, the LTE system can change to alower modulation scheme to maintain
an acceptable radio link margin. The modul ation schemes supported for payload in
the downlink and uplink are QPSK, 16QAM and 64QAM. The reference signals and
synchronization signals use a Constant Amplitude Zero-Auto-Correlation (CAZAC)
modulation sequence.

Two channel coding schemes are used in LTE for the TrCH: turbo coding for the
UL-SCH, DL-SCH, PCH, and MCH; and tail-biting convolutional coding for the
BCH. For both schemes, the coding rate is R=1/3. Control information is coded
using various schemes, including tail-biting convolutional coding, block code and
repetition code.

Uplink and Downlink Physical Resour ce Elements and Blocks

The smallest time-frequency unit for uplink and downlink transmission iscalled a
resource element. A resource element corresponds to one OFDM subcarrier during
one OFDM symbol interval. A group of contiguous subcarriers and symbols form a
resource block (RB) as shown in Figure 3-9. Datais alocated to each user in terms
of RB.
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For a Type 1 frame structure using normal Cyclic Prefix (CP), an RB spans 12
consecutive subcarriers at asubcarrier spacing of 15 kHz, and 7 consecutive symbols
over aglot duration of 0.5 ms. Thus, an RB has 84 resource elements (12 subcarriers
X 7 symbols) corresponding to one slot in time domain and 180 kHz (12 subcarriers x
15 kHz spacing) in the frequency domain. Even though an RB is defined as 12
subcarriers during one 0.5 ms slot, scheduling is carried out on a subframe (1 ms)
basis. Using normal CP, the minimum allocation the base station uses for UE
scheduling is 1 sub-frame (14 symbols) by 12 subcarriers. The size of an RB isthe
samefor all bandwidths; therefore, the number of available physical RBs depends on
the transmission bandwidth as shown in Table 3-6 on page 146.

Figure 3-9 Downlink Resource Grid
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Figure 3-9 shows the downlink resource grid for a 0.5-ms timeslot, which
incorporates the concepts of aresource element and a resource block. A resource
element is the smallest identifiable unit of transmission and consists of one
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subcarrier for one symbol period. However, transmissions are scheduled in larger
units called resource blocks, which comprise 12 adjacent subcarriers for a period of
one 0.5-mstimeslot.

Physical Layer Channels

The LTE DL and UL are composed of two sets of physical layer channels. physical
channels and physical signals. Physical channels carry information from higher
layers and are used to carry user data, aswell as user control information. Physical
signals are used for system synchronization, cell identification and radio channel
estimation, but do not carry information originating from higher layers.

Modulation Types

Figure 3-10

User Data

001010010100101010000100000 Coding and Scrambling 5

LTE uplink and downlink signals are created and modul ated differently. For
downlink signals, the base station uses multi-carrier OFDMA to transmit the signal
(see Figure 3-18). First, auser's dataiis split up into subcarrier values (constellation
points). Then the subcarrier values are placed onto the current symbol's subcarriers
in the resource blocks allocated to the user. After values have been assigned for all
subcarriersin an OFDM symbol (including the reference signal and control
channels), the symbol is sent through an IFFT, which converts the symbol into time
data that can be transmitted. Figure 3-10 illustrates this process.
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The subcarrier symbol points can be QPSK, 16QAM, or 64QAM.

OFDM has a large peak-to-average power ratio, which means that the amplifiers
have to be higher quality and more expensive (and consume more power). These are
not major concerns when designing a base station that can be powered externally, but
is anissue for mobile devices where low cost is desired and battery lifeislimited.

For uplink signals, the LTE standard uses Single Carrier Frequency Division
Multiple Access (SC-FDMA) modulation, which has alower peak-to-average ratio,
meaning lower cost amplifiers and less power usage.
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Downlink Physical Layer Channelsand Signals

The DL physical channels are Physical Downlink Shared Channel (PDSCH),
Physical Downlink Control Channel (PDCCH), and Physical Broadcast Channel
(PBCH). The DL physical signals are reference signal (RS) and synchronization
signal. Figure 3-11 has information on the modulation format and purpose for each

of the downlink channels and signals.

Figure 3-11 LTE Downlink Channels and Signals
PBCH Physical Broadcast Channel aPsK Carries cell-specific information
PDCCH Physical Downlink Control Channel aPsK Scheduling, ACK/NACK
QPSK
PDSCH Physical Downlink Shared Channel | 16QAM Payload
640AM
QPSK o
PMCH | Physical Multicast Charinel 160AM Payload for Multimedia Broadcast
Multicast Service (MBMS)
640AM
Carries information about the number
Physical Control Format Indicator of OFDM symbols {1, 2 or 3) used
PCFICH Channel apsK for transmission of PDCCHs in a
sub-frame.
Not defined
Physical Hybrid ARQ Indicator yet in 3GPP . i
PHICH Channl IS 36.211 Carries the hybrid-ARQ ACK/NAK
Va.1.0
One of 3 Used for cell search and identification
P-SCH Primary Synchronization Channel Zadoff-Chu by the UE. Carries part of the cell ID
sequences jone of 3 orthogonal sequences).
Two 31-bit
M-sequences | Used for cell search and identification
i L {binary) by the UE. Carries the remainder
S-SCH Secondary Synchronization Channel - one of 170 of the call ID {one of 170 binary
Cell IDs plus | sequences).
other info
0S°PRS
defined Used for DL channel estimation.
RS Reference Signal (Pilot) hy Cell ID Exact sequence derived from
{P-SCH & cell 1D, (one of 3* 170 =510).
S-SCH)
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Uplink (UL) physical channels are Physical Uplink Shared Channel (PUSCH),
Physical Uplink Control Channel (PUCCH) and Physical Random Access Channel
(PRACH). Two types of uplink reference signals are supported: demodulation
reference signal (DM-RS) that is associated with transmission of PUSCH or
PUCCH, and sounding reference signal (S-RS) that is not associated with
transmission of PUSCH or PUCCH. Figure 3-12 below has information on the
modulation format and purpose for each of the uplink channels and signals.

Figure 3-12 LTE Uplink Channels and Sgnals

PRACH Physical Random Access Channel QPSK Call setup

PUCCH Physical Uplink Contral Channel BPSK, QPSK | Scheduling, ACK/NACK
QPSK

PUSCH Physical Uplink Shared Channel 16QAM Payload
640AM

. : uth root Used for synchronization to the UE
DM-RS Demodulation Reference Signal Zadoff-Chu and UL channel estimation
S-RS Sounding Reference Signal Zadoff-Chu Used to monitor propagation

conditions with UE.
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Physical Signalsand Channels M apping

Two radio frame structures are defined in LTE: Type 1 frame structure, which uses
Fregquency Division Duplexing (FDD) and Type 2 frame structure, which uses Time
Division Duplexing (TDD). Although LTE supports both FDD and TDD.

Figure 3-13 showsaDL Type 1 FDD frame structure. A radio frame has a duration
of 10 msand consists of 20 slotswith adlot duration of 0.5 ms. Two slots comprise a
sub-frame. A sub-frame, aso known as the Transmission Time Interval (TTI), hasa
duration of 1 ms.

Figure 3-13 DL FDD Type 1 Frame Sructure
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l P-SCH Primary synchronization signal
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#16 #17 #18 #19
H H H H
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The physical mapping of the DL physical signals and channels are:

=10 ms

* Reference signal (pilot) istransmitted at every 6th subcarrier of OFDMA
symbols#0 & #4 of every slot

» PDCCH istransmitted at OFDM symbol #0, #1 and #2 of thefirst dot of the
sub-frame. Multiple PDCCHs can be transmitted in each subframe.

e P-SCH istransmitted on 62 out of the 72 reserved subcarriers centered around the
DC subcarrier at OFDM symbol 6 of slots 0 and 10 in each radio frame

e S-SCH istransmitted on 62 out of the 72 reserved subcarriers centered around the
DC subcarrier at OFDM symbol #5 of slots 0 and 10 in each radio frame

» PBCH istransmitted on 72 subcarriers centered around DC at OFDMA symbol
#3 and #4 of dot 0 and symbol #0 and #1 of slot 1. Excludes reference signal
subcarriers.

» PDSCH istransmitted on any assigned OFDM subcarriers not occupied by any of
the above channels and signals
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Figure 3-14 shows the downlink mapping across frequency and time. The central
DC subcarrier of the downlink channel is not used for transmission, but is reserved
for energy generated due to local-oscillator feedthrough in the signal-generation
process.

Figure 3-14 Downlink Frame Sructure 1 Showing Subframe vs. Frequency
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The uplink (UL) FDD frame structureis similar to downlink (DL) frame structurein
terms of frame, sub-frame and slot length. A UL frame structureis shown in Figure
3-15 below.

The UL demodulation reference signals, which are used for channel estimation for
coherent demodulation, are transmitted in the fourth symbol (i.e symbol # 3) of
every dot.
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Figure 3-15 Uplink Type 1 FDD Frame Sructure
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Figure 3-16 and Figure 3-17 are 5 msand 10 ms TDD switch point periodicity
physical signals and channels mapping.

» P-SCH istransmitted in the central 62 subcarriers at the third symbol of dot 2 and
slot 12.

* S-SCH istransmitted in the last symbol of slot 1 and slot 11.

* Reference signal istransmitted at symbol #0 and symbol #4 in each slot.
* PBCH istransmitted at the first four symbolsin dot 1.

» PDCCH istransmitted at the first three symbolsin every subframe.

» PDSCH istransmitted on any assigned OFDM subcarriers not occupied by any of
the above channels and signals
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Figure 3-16 LTE TDD 5 ms Switch Periodicity Mapping
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Figure 3-17 LTE TDD 10 ms Switch Periodicity Mapping
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Cyclic Prefix (CP)

Table 3-8 and Table 3-9 summarizes the options for CP length and number of
symbols per timeslot. The extended CP of 512 x Ts (16.67 us) isavailable for usein
larger cells and provides protection for up to a 5-km delay spread. The price for this
increased protection is areduction in system capacity since the extended CP alows
for only six symbols per timeslot. The longest protection from delay spread is
achieved when using the extended CP of 1024 x Ts (33.33 us) with the optional
7.5-kHz subcarrier spacing for eMBMS. This enables transmissions from multiple
cells to be combined in a Multicast/Broadcast over Single Frequency Network
(MBSFN) with protection from delay spread of up to 10 km. Thisvery long CP
means there are only three symbols per timeslot, but this capacity lossis
counteracted by the doubling up of the subcarriers.

Table 3-8 Cyclic Prefix Configurations for DL
CP in Ts by Symbol Number 0 1 2 3 4 5 6
Normal Af =15 kHz 160 144 144 144 144 144 144
Extended Af = 15 kHz 512 512 512 512 512 512 -
Extended Af = 7.5 kHz 1024 1024 1024 - - - -
Table 3-9 Cyclic Prefix Configurations for UL
CP in Ts by Symbol Number 0 1 2 3 4 5 6
Normal Af =15 kHz 160 144 144 144 144 144 144
Extended Af = 15 kHz 512 512 512 512 512 512 -
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Multiple Access Technology in the Uplink: SC-FDMA

Figure 3-18

The high peak-to-average ratio (PAR) associated with OFDM |led 3GPP to look for a
different transmission scheme for the LTE uplink. SC-FDMA was chosen because it
combines the low PAR techniques of single-carrier transmission systems, such as
GSM and CDMA, with the multi-path resistance and flexible frequency allocation of
OFDMA.

A graphica comparison of OFDMA and SC-FDMA as shown in Figure 3-18 is
helpful in understanding the differences between these two modulation schemes. For
clarity this example uses only four (M) subcarriers over two symbol periods with the
payload data represented by quadrature phase shift keying (QPSK) modulation. As
described earlier, real LTE signals are allocated in units of 12 adjacent subcarriers.

Comparison of OFDMA (DL) and SC-FDMA (UL)
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Sequence of QPSK data symbols to be transmitted

60 kHz Frequency
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fc —>15 ‘o Frequency fc
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

Onthe left side of Figure 3-18, M adjacent 15 kHz subcarriers—already positioned
at the desired place in the channel bandwidth—are each modulated for the OFDMA
symbol period of 66.7 us by one QPSK data symbol. In thisfour subcarrier example,
four symbols are taken in parallel. These are QPSK data symbols so only the phase
of each subcarrier is modulated and the subcarrier power remains constant between
symbols. After one OFDMA symbol period has elapsed, the CPisinserted and the
next four symbols are transmitted in parallel. For visual clarity, the CPisshown asa
gap; however, it is actually filled with a copy of the end of the next symbol, which
means that the transmission power is continuous but has a phase discontinuity at the
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symbol boundary. To create the transmitted signal, an IFFT is performed on each
subcarrier to create M time domain signals. These in turn are vector-summed to
create the final time-domain waveform used for transmission.

SC-FDMA signal generation begins with a special pre-coding process but then
continuesin amanner similar to OFDMA. However, before getting into the detail s of
the generation processit is helpful to describe the end result as shown on the right
side of Figure 3-18. The most obvious difference between the two schemes s that
OFDMA transmitsthe four QPSK data symbolsin paralel, one per subcarrier, while
SC-FDMA transmits the four QPSK data symbolsin series at four times the rate,
with each data symbol occupying M x 15 kHz bandwidth.

Visually, the OFDMA signal is clearly multi-carrier with one data symbol per
subcarrier, but the SC-FDMA signal appears to be more like asingle-carrier (hence
the “SC” in the SC-FDMA name) with each data symbol being represented by one
wide signal. Note that OFDMA and SC-FDMA symboal lengths are the same at 66.7
us; however, the SC-FDMA symbol contains M “sub-symbols’ that represent the
modulating data. It is the parallel transmission of multiple symbols that creates the
undesirable high PAR of OFDMA. By transmitting the M data symbolsin series at
M timesthe rate, the SC-FDMA occupied bandwidth is the same as multi-carrier
OFDMA but, crucialy, the PAR isthe same as that used for the original data
symbols. Adding together many narrow-band QPSK waveformsin OFDMA will
aways create higher peaks than would be seen in the wider-bandwidth, single-carrier
QPSK waveform of SC-FDMA.. Asthe number of subcarriers M increases, the PAR
of OFDMA with random modulating data approaches Gaussian noise statistics but,
regardless of the value of M, the SC-FDMA PAR remains the same as that used for
the original data symbols.

SC-FDMA maps the data onto a single carrier modulation format (QPSK, QAM 16,
or QAM®B64). Then it takes the time domain set of symbols, performs an FFT, and
maps the frequency domain values to the subcarriers that are assigned to the user.
Then it takes an IFFT of the entire OFDM symbol and transmits the resulting time
data. Figure 3-19 illustrates this process.
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Uplink Modulation - Bitsto SC-TDMA Carrier Allocation
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Table 3-10 summarizes the differences between the OFDMA and SC-FDMA
modulation schemes. When OFDMA is analyzed one subcarrier at atime, it
resembles the original data symbols. At full bandwidth, however, the signal looks
like Gaussian noise in terms of its PAR statistics and the constellation. The opposite
istruefor SC-FDMA. In this case, the relationship to the original data symbolsis
evident when the entire signal bandwidth is analyzed. The constellation (and hence
low PAR) of the original data symbols can be observed rotating at M times the
SC-FDMA symbol rate, ignoring the seven percent rate reduction that is due to
adding the CP. When analyzed at the 15 kHz subcarrier spacing, the SC-FDMA PAR
and constellation are meaningless because they are M times narrower than the
information bandwidth of the data symbols.

Analysis of OFDMA and SC-FDMA at Different Bandwidths

Modulation Format

OFDMA SC-FDMA

Analysis Bandwid th

15 kHz Signal 15 kHz Signal

Bandwidth
(Mx 15 kHZ)

Bandwidth
(Mx 15 kH2)

Peak-to-average power
ratio (PAR)

Same as data
symbol

High PAR
(Gaussian)

< Data symbol
(not meaningful)

Same as Data
symbol

Observable 1Q
constellation

Same as data
symbol at 66.7 us

Not meaningful
(Gaussian)

Not meaningful
(Gaussian)

Same as data
symbol at 66.7

us
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Examining the SC-FDMA Signal

Unlike the eNB (base station transmitter), the UE does not normally transmit across
the entire channel bandwidth. A typical uplink configuration with the definition of
termsis shown in Figure 3-20.

Figure 3-20 SC-FDMA Channel BW and Transmission BW Configuration
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Overview of Multiple Antenna Techniques (MIMO)

Central to LTE isthe concept of multiple antennatechniques, which are often loosely
referred to as MIMO (multiple inputs, multiple outputs). MIMO takes advantage of
gpatial diversity in the radio channel. Multiple antenna techniques are of three main
types: diversity, MIMO, and beamforming. These techniques are used to improve
signal robustness and to increase system capacity and single-user data rates. Each
technique has its own performance benefits and costs.

Figure 3-21 illustrates the range of possible antenna techniques from the simplest to
the most complex, indicating how the radio channel is accessed by the system’s
transmitters and receivers.
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MIMO Radio-Channel Access Modes

Transmit  The radio channel Recelve
antennas antennas

) L
. L

MIMO

I

SISO - The most basic radio channel access mode is single input single output
(S1S0), in which only one transmit antenna and one receive antennaare used. Thisis
the form of communications that has been the default since radio began and isthe
baseline against which all the multiple antenna techniques are compared.

MISO - Slightly more complex than SISO is multiple input single output (M1SO)
mode, which uses two or more transmitters and one receiver. (Figure 3-271 shows
only two transmitters and one receiver for simplicity.) MISO is more commonly
referred to as transmit diversity. The same datais sent on both transmitting antennas
but coded such that the receiver can identify each transmitter. Transmit diversity
increases the robustness of the signal to fading and can increase performance in low
signal-to-noise ratio (SNR) conditions; however, it does not increase data rates as
such, but rather supports the same data rates using less power. Transmit diversity can
be enhanced with closed loop feedback from the receiver to indicate the balance of
phase and power used for each antenna.

SIMO - The third mode shown in Figure 3-21 is single input multiple output
(SIMO), which—in contrast to M1SO—uses one transmitter and two or more
receivers. SIMO isoften referred to asreceive diversity. Similar to transmit diversity,
it is particularly well suited for low SNR conditions in which atheoretical gain of 3
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Figure 3-22
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Transmit
stream

dB is possible when two receivers are used. As with transmit diversity, thereis no
change in the data rate since only one data stream is transmitted, but coverage at the
cell edgeisimproved due to the lowering of the usable SNR.

MIMO - The final modeis full MIMO, which requires two or more transmitters and
two or more receivers. This mode is not just a superposition of SIMO and MI1SO
since multiple data streams are now transmitted simultaneoudly in the same
frequency and time, taking full advantage of the different paths in the radio channel.
For a system to be described as MIMO, it must have at least as many receivers as
there are transmit streams. The number of transmit streams should not be confused
with the number of transmit antennas. Consider the Tx diversity (MISO) casein
which two transmitters are present but only one data stream. Adding receive
diversity (SIMO) does not turn thisinto MIMO, even though there are now two Tx
and two Rx antennas involved. SIMO + MISO = MIMO. It isaways possible to
have more transmitters than data streams but not the other way around. If N data
streams are transmitted from fewer than N antennas, the data cannot be fully
descrambled by any number of receivers since overlapping streams without the
addition of spatial diversity just creates interference. However, by spatially
separating N streams across at least N antennas, N receivers will be able to fully
reconstruct the original data streams provided the crosstalk and noise in the radio
channel are low enough.

One other crucial factor for MIMO operation is that the transmissions from each
antenna must be uniquely identifiable so that each receiver can determine what
combination of transmissions has been received. Thisidentification is usually done
with pilot signals, which use orthogonal patterns for each antenna.

The spatial diversity of the radio channel means that MIMO has the potentia to
increase the datarate. The most basic form of MIMO assigns one data stream to each
antenna and is shown in Figure 3-22.

Non-Precoded 2x2 MIMO

Cross channel
de-mapping

"
»
. -
C4

- i Received
:> C—————  The “channel :D = stream

In thisform, one data stream is uniquely assigned to one antenna. The channel then
mixes up the two transmissions such that at the receivers, each antennasees a
combination of each stream. Decoding the received signalsis aclever processin
which the receivers, by analyzing the patterns that uniquely identify each transmitter,
determine what combination of each transmit stream is present. The application of an
inverse filter and summing of the received streams recreates the original data.
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A more advanced form of MIMO includes special pre-coding to match the
transmissions to the Eigen modes of the channel. This optimization results in each
stream being spread across more than one transmit antenna. For this technique to
work effectively the transmitter must have knowledge of the channel conditions and,
in the case of FDD, these conditions must be provided in real time by feedback from
the UE. Such optimization significantly complicates the system but can also provide
higher performance. Pre-coding for TDD systems does not require receiver feedback
because the transmitter independently determines the channel conditions by
analyzing the received signals that are on the same frequency.

The theoretical gainsfrom MIMO are afunction of the number of transmit and
receive antennas, the radio propagation conditions, the ability of the transmitter to
adapt to the changing conditions, and the SNR. Theideal case is one in which the
paths in the radio channel are completely uncorrelated, almost asif separate,
physically cabled connections with no crosstalk existed between the transmitters and
receivers. Such conditions are amost impossible to achieve in free space, and with
the potential for so many variables, it is neither helpful nor possible to quote MIMO
gains without stating the conditions. The upper limit of MIMO gain in ideal
conditionsis more easily defined, and for a 2x2 system with two simultaneous data
streams a doubling of capacity and datarate is possible. MIMO works best in high
SNR conditionswith minimal line of sight. Line of sight equatesto channel crosstalk
and seriously diminishes the potential for gains. Asaresult, MIMO is particularly
suited to indoor environments, which can exhibit a high degree of multi-path and
limited line of sight.

Single User, Multiple User, and Cooperative MIMO

It isimportant to note that Figure 3-22 does not make explicit whether the multiple
transmitters or receivers belong to the same base station or UE. Thisleadsto a
further elaboration of MIMO that is presented in Figure 3-22 on page 162.

Thefirst caseissingle user MIMO (SU-MIMO), which is the most common form of
MIMO and can be applied in the uplink or downlink. The primary purpose of
SU-MIMO isto increase the data rate to one user. There is aso a corresponding
increase in the capacity of the cell. Figure 3-23 shows the downlink form of 2x2
SU-MIMO in which two data streams are allocated to one UE. The data streams in
the example are coded red and blue, and in this case are further pre-coded in such a
way that each stream is represented at a different power and phase on each antenna.
The colors of the data streams change at the transmit antennas, which is meant to
signify the mixing of the data streams. The transmitted signals are further mixed by
the channel. The purpose of the pre-coding is to optimize the transmissions to the
characteristics of the radio channel so that when the signals are received, they can be
more easily separated back into the original data streams.
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Figure 3-23
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The second case shows 2x2 multiple user MIMO (MU-MIMO), which is used only
in the uplink. (MU-MIMO is described in the WiMAX ™ specifications as
collaborative spatial multiplexing or collaborative MIMO). MU-MIMO does not
increase an individual user’s datarate but it does offer cell capacity gains that are
similar to, or better than, those provided by SU-MIMO. In Figure 3-23, thetwo data
streams originate from different UE. The two transmitters are much farther apart
than in the single user case, and the lack of physical connection means that thereis
no opportunity to optimize the coding to the channel Eigen modes by mixing the two
data streams. However, the extra spatial separation does increase the chance of the
eNB picking up pairs of UE which have uncorrelated paths. This maximizes the
potential capacity gain, in contrast to the pre-coded SU-MIMO case in which the
closeness of the antennas could be problematic, especialy at frequencies less than 1
GHz. MU-MIMO has an additional important advantage: the UE does not require the
expense and power drain of two transmitters, yet the cell still benefits from increased
capacity. To get the most gain out of MU-MIMO, the UE must be well aligned in
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Thethird case shown in Figure 3-23 is cooperative MIMO (Co-MIMO). Thisterm
should not be confused with the WiMAX term “collaborative MIMO” described
earlier. The essential element of Co-MIMO is that two separate entities are involved
at the transmission end. The example here is a downlink case in which two eNB
“collaborate” by sharing data streams to pre-code the spatially separate antennas for
optimal communication with at least one UE. When this technique is applied in the
downlink it is sometimes called network MIMO. The most advantageous use of
downlink Co-MIMO occurs when the UE is at the cell edge. Here the SNR will be at
itsworst but the radio paths will be uncorrelated, which offers significant potential
for increased performance. Co-MIMO isaso possible in the uplink but is
fundamentally more difficult to implement as no physica connection exists between
the UE to share the data streams. Uplink Co-MIMO without a connection between
the UE collapsesinto MU-MIMO, which as we have seen does not use pre-coding.
Uplink Co-MIMO isaso known asvirtual MIMO. Co-MIMO isnot currently part of
the Release 8 LTE specifications but is being studied as a possible enhancement to
LTE in Release 9 or Release 10 to meet the goals of the ITU's IMT-Advanced 4G
initiative.

Beamforming

Beamforming uses the same signal processing and antenna techniques as MIMO but
rather than exploit de-correlation in the radio path, beamforming aims to exploit
correlation so that the radiation pattern from the transmitter is directed towards the
receiver. Thisis done by applying small time delaysto a calibrated phase array of
antennas. The effectiveness of beamforming varies with the number of antennas.
With just two antennas little gain is seen, but with four antennas the gains are more
useful. Obtaining theinitial antennatiming calibration and maintaining it in thefield
are challenge.

Turning aMIMO system into a beamforming system is simply a matter of changing
the pre-coding matrices. In practical systems, however, antenna design hasto be
taken into account and things are not so simple. It is possible to design antennasto be
correlated or uncorrelated; for example, by changing the polarization. However,
switching between correlated and uncorrelated patterns can be problematic if the
physical design of the antennas has been optimized for one or the other.

Since beamforming is related to the physical position of the UE, the required update
rate for the antenna phasing is much lower than the rates needed to support MIMO
pre-coding. Thus beamforming has alower signaling overhead than MIMO.

The most advanced form of multiple antennatechniquesis probably the combination
of beamforming with MIMO. In this mode MIMO techniques could be used on sets
of antennas, each of which comprises a beamforming array. Given that beamforming
with only two antennas has limited gains, the advantage of combining beamforming
and MIMO will not be realized unless there are many antennas. This limits the
practical use of the technique on cost grounds.

LTE Downlink Multiple Antenna Schemes

For the LTE downlink, three of the multiple antenna schemes previously described
are supported: Tx diversity (M1SO), Rx diversity (SIMO), and spatial multiplexing
(MIMO). Thefirst and simplest downlink LTE multiple antenna schemeis open-loop
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Tx diversity. It isidentical in concept to the schemeintroduced in UMTS Release 99.
The more complex, closed-loop Tx diversity techniques from UMTS have not been
adopted in LTE, which instead uses the more advanced MIM O, which was not part
of Release 99. LTE supports either two or four antennas for Tx diversity. Figure
3-24 shows atwo Tx example in which asingle stream of datais assigned to the
different layers and coded using space-frequency block coding (SFBC). Since this
form of Tx diversity has no data rate gain, the code words CWO0 and CW1 are the
same. SFBC achieves robustness through frequency diversity by using different
subcarriers for the repeated data on each antenna.

The second downlink scheme, Rx diversity, is mandatory for the UE. It isthe
baseline receiver capability for which performance requirements will be defined. A
typical use of Rx diversity is maximum ratio combining of the received streams to
improve the SNR in poor conditions. Rx diversity provideslittle gain in good
conditions.

Figure 3-24 Sgnal Processing for Tx Diversity and Spatial Multiplexing
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The third downlink schemeis spatial multiplexing, or MIMO, which isalso
supported for two and four antenna configurations. Assuming a two-channel UE
receiver, this scheme allows for 2x2 or 4x2 MIMO. A four-channel UE receiver,
which isrequired for a4x4 configuration, has been defined but is not likely to be
implemented in the near future. The most common configuration will be 2x2
SU-MIMO. In this case the payload data will be divided into the two code-word
streams CWO0 and CW1 and processed according to the stepsin Figure 3-24.

Depending on the pre-cading used, each code word is represented at different powers
and phases on both antennas. In addition, each antennais uniquely identified by the
position of the reference signal s within the frame structure. This processis described
later. LTE uses the closed loop form of MIMO with pre-coding of the streams, so for
the FDD case the transmitter must have knowledge of the channel. Channel
information is provided by the UE on the uplink control channel. The channel
feedback uses a codebook approach to provide an index into a predetermined set of
pre-coding matrices. Since the channel is continually changing, thisinformation will
be provided for multiple points across the channel bandwidth, at regular intervals, up
to several hundred times a second. At the time of writing, the exact details are still to
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be specified. However, the UE that can best estimate the channel conditions and then
signal the best coding to use will get the best performance out of the channel.
Although the use of a codebook for pre-coding limits the best fit to the channdl, it
significantly simplifies the channel estimation process by the UE and the amount of
uplink signaling needed to convey the desired pre-coding.

The pre-coding matrices for LTE support both MIMO and beamforming. There are
four codebook entries for 2x2 SU-MIMO and 16 for 4x4 SU-MIMO.

In addition to MIMO pre-coding there is an additional option called cyclic delay
diversity (CDD). This technique adds antenna-specific cyclic time shiftsto
artificially create multi-path on the received signal and prevents signal cancellation
caused by the close spacing of the transmit antennas. Normally multipath would be
considered undesirable, but by creating artificial multi-path in an otherwise flat
channel, the eNB UE scheduler can choose to transmit on those RBs that have
favorable propagation conditions. The CDD system works by adding the delay only
to the data subcarriers while leaving the RS subcarriers alone. The UE uses the flat
RS subcarriers to report the received channel flatness and the eNB schedules the UE
to use the RB that it knows will benefit from the artificially induced frequency
un-flatness. By not applying the CDD to the RS, the eNB can choose to apply the
CDD on a per-UE basis.

When the CDD is enabled thereisachoice of small or large delay. Thelargedelay is
approximately half asymbol, which creates significant ripple in the channel, whereas
the small delay is defined by channel bandwidth and varies from 65 nsfor the 20
MHz channel to just over 1 usfor the 1.4 MHz channel. For the widest channels
using the small delay will be a challenge because the required time shift isvery close
to the limits of antennatiming calibration. It is possible to apply a small delay CDD
to the entire cell, including the RS. Doing so would make the CDD transparent to the
UE but worsen the performance of channel quality indicator (CQI) reporting for
those UE that would otherwise provide frequency-selective CQI reports.

LTE Uplink Multiple Antenna Schemes

The baseline configuration of the UE has one transmitter. This configuration was
chosen to save cost and battery power, and with this configuration the system can
support MU-MIMO—that is, two different UE transmitting in the same frequency
and time to the eNB. This configuration has the potential to double uplink capacity
(inidea conditions) without incurring extra cost to the UE.

An optional configuration of the UE is a second transmit antenna, which allows the
possibility of uplink Tx diversity and SU-MIMO. The latter offers the possibility of
increased data rates depending on the channel conditions. For the eNB, receive
diversity is a baseline capability and the system will support either two or four
receive antennas.
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LTE-Advanced

LTE-Advanced (LTE-A) is the project name of the evolved version of LTE that is
being developed by 3GPP. LTE-A will meet or exceed the requirements of the
International Telecommunication Union (ITU) for the fourth generation (4G) radio
communication standard known as IMT-Advanced. LTE-Advanced is being
specified initially as part of Release 10 of the 3GPP specifications, with afunctional
freeze targeted for March 2011. The LTE specifications will continue to be
developed in subsequent 3GPP releases.

In the feasibility study for LTE-Advanced, 3GPP determined that LTE-Advanced
would meet the ITU-R requirements for 4G. The results of the study are published in
3GPP Technical Report (TR) 36.912. Further, it was determined that 3GPP Release 8
LTE could meet most of the 4G requirements apart from uplink spectral efficiency
and the peak datarates. These higher requirements are addressed with the addition of
the following LTE-Advanced features:

» Wider bandwidths, enabled by carrier aggregation

* Higher efficiency, enabled by enhanced uplink multiple access and enhanced
multiple antenna transmission (advanced MIMO techniques)

Other performance enhancements are under consideration for Release 10 and
beyond, even though they are not critical to meeting 4G requirements:

* Coordinated multipoint transmission and reception (CoMP)
* Relaying

* Support for heterogeneous networks

* LTE sdlf-optimizing network (SON) enhancements

» Home enhanced-node-B (HENB) mobility enhancements

* Fixed wireless customer premises equipment (CPE) RF requirements

LTE-Advanced Specification Documents

Release 10 of the 3GPP specifications included the study item, requirements, study
phase technical report, study item final status report, physical layer aspects and so
on.

E-UTRA, E-UTRAN, and the EPC are defined in the 36-series of 3GPP Release 10:
» 36.100 series, covering radio specifications and evolved Node B (eNB)

e 36.200 series, covering layer 1 (physical layer) specifications

» 36.300 series, covering layer 2 and 3 (air interface signaling) specifications

» 36.400 series, covering network signaling specifications

e 36.500 series, covering user equipment conformance testing

» 36.800 and 36.900 series, which are technical reports containing background
information
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The latest version of the 36-series documents can be found at
http://www.3gpp.org/ftp/specs/archive/36_seried.

IMT-Advanced and LTE-Advanced

Release 10 is a 3GPP proposal for the International Telecommunications Union
Radiocommunication Sector (ITU-R) International Telecommunicaionts Advanced
(IMT-Advanced) program. I TU-R defined the requirements for IMT-Advanced and
3GPP defined regquirements for LTE-Advanced to meet or exceed the ITU-R
reguirements. 3GPP undertook afeasibility study that proposed LTE-Advanced asan
IMT-Advanced candidate technology. 3GPP then created work items to devel op the
many detailed specification in Release 10 to define LTE-Advanced.

The ITU’shigh level requirementsfor |MT-Advanced:

* A high degree of common functionality worldwide while retaining the flexibility to
support awide range of local services and applicationsin a costefficient manner

» Compatibility of serviceswithin IMT and with fixed networks
* Capability for interworking with other radio systems

* High quality mobile services

 User equipment suitable for worldwide use

* User-friendly applications, services, and equipment
 Worldwide roaming capability

» Enhanced peak data rates to support advanced mobile services and applications (in
the downlink, 100 Mbps for high mobility and 1 Gbps for low mobility).

Therequirementsfor LTE-Advanced (based on thel TU requirementsfor 4G
and on 3GPP operators own requirementsfor advancing LTE):
» Continual improvement to the LTE radio technology and architecture

» Scenarios and performance requirements for interworking with legacy radio access
technologies

» Backward compatibility of LTE-Advanced with LTE. An LTE termina should be
able to work in an LTE-Advanced network and vice versa. Any exceptions will be
considered by 3GPP,
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* Account taken of recent World Radiocommunication Conference (WRC-07)
decisionsregarding new IMT spectrum as well as existing frequency bands to ensure
that LTE-Advanced geographically accommodates available spectrum for channel
allocations above 20 MHz. Also, requirements must recognize those parts of the
world in which wideband channels are not available.

ltem Subcategory LTE target LTE-Advanc  IMT-Adva
ed target nced
target
Peak spectral Downlink 16.3 (4x4 30 (up to 15 (4x4
efficiency (b/s/Hz) MIMO) 8x8 MIMO)  MIMO)
Uplink 4.32 (64QAM 15 (up to 6.75 (2x4

SIS0) 4x4 MIMO)  MIMO)

Downlink cell 2x2 MIMO 1.69 2.4

spectral efficiency

(b/s/Hz), 3 km/h, 4x2 MIMO 1.87 2.6 2.6

500 m ISD 4x4 MIMO 2.67 3.7

Uplink cell spectral ~ 1x2 MIMO 1.2 1.8

efficiency (b/s/Hz),

3km/h,500misp  2X4MIMO 20

Downlink celledge  2x2 MIMO 0.05 0.07

user spectral

efficiency (b/s/Hz) 5 4x2 MIMO 0.06 0.09 0.075

percentile, 10 users,  4x4 MIMO 0.08 0.12

500 m ISD

Uplink celledge 1x2 MIMO 0.04 0.05

user spectral

efficiency (b/s/Hz)5 ¥4 MIMO 0.07

percentile, 10 users,

500 m ISD

LTE-Advanced Key Technologies
The key three LTE-Advanced technologies, as proposed to ITU are:

« Carrier aggregation which enables transmission bandwidth extension to support
deployment bandwidths of up to 100 MHz

» Enhanced uplink multiple access where clustering of user data and simultaneous
control and data transmission is supported

» Enhanced multiple antenna transmission where 8 streams are supported for
downlink (vs. 4 in Release 8) and up to 4 streams supported for uplink (verses no
single user MIMO support in Release 8).
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Figure 3-25

Carrier Aggregation

How we can meet the peak datarate targets of 1Gpbp in the downlink and 500 Mbps
in the uplink? At the moment, LTE supports channel bandwidths up to 20 MHz, and
itisunlikely that spectral efficiency can be improved much beyond current LTE
performance targets. Therefore the only way to achieve significantly higher data
ratesisto increase the channel bandwidth. IMT-Advanced sets the upper limit at 100
MHz, with 40 MHz the expectation for minimum performance. And it is most
unlikely to have up to 100MHz wide contiguous bandwidth so LTE-Advanced uses
carrier aggregation to address the lack of large contiguous spectrum.

Carrier aggregation is one of the key features of LTE-Advanced and is likely to be
one of the earliest deployed technologies of LTE-Advanced.

The main principal of carrier aggregation is to extend the maximum transmission
bandwidth to up to 100 MHz and thisis done by aggregating up to 5 LTE carriers,
each of which has a maximum bandwidth of 20 MHz. When carriers are aggregated,
each carrier isreferred to as a component carrier.

In addition to meeting the peak data rate targets, there are other additional
motivations behind carrier aggregation:

One motivation is to help with an efficient use of fragmented spectrum, thisis
regardless of the peak datarate. In practice, thisis more important since there are
large variety of fragmented spectrum operators and CA allows aggregation of these
fragmented spectrum to provide high data rate services even though they don't own a
single wideband spectrum allocation.

The other motivation isinter-cell interference management and thisis beneficia ina
heterogeneous deployment where cells of different power levels and coverage areas
are supported.

Three aggregation scenarios are possible, depending on the spectrum avail ability of
the operators. Aggregated component carriers (CCs) can be contiguous or
non-contiguous and both within a single frequency band or two different frequency
bands.

Three Scenarios of Carrier Aggregation
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The top image shows single band or intraband contiguous CA with 5, 20MHz CCs.
Thisisalesslikely scenario given frequency alocations today, however it can be
possible when new spectrum bandslike 3.5 GHz are allocated in the future in various
parts of the world. From implementation perspective, thistype of aggregation isthe
least challenging in terms of hardware implementation.

The middle image shows us non-contiguous allocation in the same frequency band
also known as intraband Non-Contiguous CA. This can be a case where the middle
carriers are loaded with other users or network sharing is considered.

Finally the bottom image shows us non-contiguous allocation in different frequency
bands also known as interband Non-Contiguous CA and thisis the most redlistic
scenario given the spectrum service providers have (especially for FDD). One of the
drawbacks of this scenario is the complexity of the RF front end of user equipment.
The antenna size, power amplifier, filters etc. might not be compatible among the
different radio bands.

Enhanced uplink multiple access

Today's LTE uplink is based on SC-FDMA,, a powerful technology that combines
many of the flexible aspects of OFDM with the low peak to average power ratio
(PAPR) of asingle carrier system. However, SC-FDMA requires carrier alocation
across a contiguous block of spectrum and this prevents some of the scheduling
flexibility inherent in pure OFDM.

LTE-Advanced enhances the uplink multiple access scheme by adopting clustered
SC-FDMA, also known as discrete Fourier transform spread OFDM
(DFT-S-OFDM). This schemeis similar to SC-FDMA but has the advantage that it
allows noncontiguous (clustered) groups of subcarriersto be allocated for
transmission by a single UE, thus enabling uplink frequency-selective scheduling
and better link performance. Clustered SC-FDMA was chosen in preference to pure
OFDM to avoid asignificant increase in PAPR. It will help satisfy the requirement
for increased uplink spectral efficiency while maintaining backward-compatibility
with LTE.

In the process of mapping the symbals to the subcarriers, with SC-FDMA, the
symbols are all mapped to adjacent subcarriers, however with clustered SC-FDMA,
the symbols are mapped in two or more non-adjacent groups. Theinitial
specifications decide to limit the number of SC-FDMA clusters to two, which will
provide some improved spectra efficiency over single cluster when transmitting
through a frequency-selective channel with more than one distinct peak.

In Release 8 the user data carried on the physical uplink shared channel (PUSCH)
and the control data carried on the physical uplink control channel (PUCCH) are
time-multiplexed. In Release 10, LTE-Advanced alowsthe PUSCH and the PUCCH
to be transmitted simultaneoudly. It has some latency and scheduling advantages
though it does make the PAPR higher than the Release 8 cases. Simultaneous
PUCCH/PUSCH are contained within one component carrier, and should not be
confused with carrier aggregation, which involves multiple component carriers.
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Enhanced multiple antenna transmission

In Release 8, LTE downlink supports a maximum of four spatial layers of
transmission (4x4, assuming four UE receivers) and the uplink a maximum of one
per UE (1x2, assuming an eNB diversity receiver). And multiple antenna
transmission is not supported in order to simplify the baseline UE, although multiple
user spatial multiplexing (MU-MIMO) is supported. In the case of MU-MIMO, two
UEs transmit on the same frequency and time, and the eNB has to differentiate
between them based on their spatial properties. With this multi-user approach to
spatial multiplexing, gainsin uplink capacity are available but single user peak data
rates are not improved.

To improve single user peak data rates and to meet the ITU-R requirement for
spectrum efficiency, LTE-Advanced specifies up to eight layersin the downlink
which, with the requisite eight receivers in the UE, allows the possibility in the
downlink of 8x8 spatial multiplexing. The UE will be specified to support up to four
transmitters allowing the possibility of up to 4x4 transmission in the uplink when
combined with four eNB receivers.

Center Frequency and Carrier Ref Frequency

In most applications, Center Frequency is generally where the carrier center is
located at and thus plays a very important role. However, in LTE & LTE-A
TDD/FDD mode, the measurements are done based on carrier center frequencies and
its bandwidths, both of which are calculated or obtained according to the carriers
configuration. The Center Frequency parameter defined here only for the Monitor
Spectrum, 1Q Waveform and CCDF measurements, because these three are general
type measurements and focus on a certain frequency range, which may be the entire
BS RF bandwidth, a frequency range of one of the component carriers or arange far
away from the component carriers to see spurious. The center frequency in these
three measurements has a different meaning, therefore it should be a separate setting
from Carrier Ref Frequency.

Carrier center frequencies are defined using offsets from Carrier Ref Frequency
which determines absol ute frequency locations, which can be set as both absolute
and relative frequency from the carrier reference frequency.

Since Center Frequency is only used in those three measurements, Monitor
Spectrum, 1Q Waveform and CCDF, this key only appears on Chan/Freg menus of
these measurements.

Carrier Configuration

LTE-Advanced TDD/FDD are multi-carriers mode. This section describes how
component carriers are configured. First it is required to specify how many
component carriersare used in LTE-Advanced TDD/FDD measurements using Num
Component Carrier key on Component Carrier Setup menu. Each component carrier
is configured based on the selected component carrier. The available component
carrier indexes is determined from the total number of the component carriers. The
Configure Component Carriers menu groups the parameters to be set per carrier
shown as below:
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e Measure Carrier

Specifies whether LTE-Advanced FDD/TDD measurements expect active carrier
at this frequency. This parameter doesn't affect RF bandwidth calculation.

» Frequency Offset from Carrier Ref Freq

Specifies carrier center frequency from Carrier Ref Freg.
« Bandwidth

Specifies RF bandwidth for the selected component carrier.
* UL/DL Config

Specifies the downlink and uplink allocation for LTE-Advanced TDD (TDD
only).

- Dw/GP/UP Length

Specifies DWPTS/GP/UpPTS length for LTE-Advanced TDD specia subframe
(TDD only).

RF Bandwidth

Figure 3-26

Each component carrier in LTE-Advanced system is back-compatible with the LTE
standards, so the channel bandwidth and transmission bandwidth of each component
carrier still apply to the LTE standards.

Thefollowing Figure illustrates the aggregated channel bandwidth for intra-band
contiguous aggregation.

Definition of Aggregated Channel Bandwidth for intra-band carrier aggregation
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Thelower edge of the Aggregated Channel Bandwidth (BWChannel_CA) is defined
as Fedge low = FC_|low - Foffset. The upper edge of the aggregated channel
bandwidth is defined as Fedge high = FC_high + Foffset.

The Aggregated Channel Bandwidth, BWChannel_CA, is defined as follows:
BWChannel_CA = Fedge high - Fedge low [MHZ]
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The following Figure illustrates the sub-block bandwidth for intra-band
non-contiguous aggregation.

Figure 3-27 Definition of Sub-blockBandwidth for intra-band non-contiguous spectrum
Sub-block Bandwidth, BWos s [MHZ] Sub-block Bandwidth, BWosmesson [MHZ]
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The lower sub-block edge of the Sub-block Bandwidth (BWChannel ,block) is
defined as Fedge,block,low = FC,block,low - Foffset. The upper sub-block edge of
the Sub-block Bandwidth is defined as Fedge,block,high = FC,block,high + Foffset.
The Sub-block Bandwidth, BWChannel ,block, is defined as follows:

BW<Channel ,block = Fedge,block,high - Fedge,block,low [MHZ]

Thereceiver and transmitter RF requirements shall apply from the frequency
reference point with Foffset from the carrier center frequency of the lowest/highest
carriers received/transmitted.

The Foffset is defined in 3GPP TS36.104 for BS below:

Channel Band wid th of the Lowest or Foffset{MHz]

Highest Carrier: BWChannel[MHz]

5,10,15, 20 BWChannel/2

1.4,3 FFS (For Further Study)

The Foffset isdefined in 3GPP TS 36.101 for UE below:
Foffset = 0.18NRB /2 + BWGB [MHZ]

where NRB is the transmission bandwidth configurations for the lowest and highest
assigned component carrier respectively. BWGB denotes the Nominal Guard Band
and is defined in following Table:

CA Aggregated Maximum Nominal Guard Band BWGB
Bandwidth  Transmission number of
Class Band wid th cC
Configuration
A NRB,agg <=100 1 0.05BWChannel
B NRB,agg <=100 2 FFS (For Further Study)
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CA Aggregated Maximum Nominal Guard Band BWGB
Bandwidth  Transmission number of
Class Band wid th cC
Configuration
C 100 < NRB,agg <= 200 2 0.05max(BWChannel(1),BWC
hannel(2))
D 200 < NRB,agg <=[300]  FFS (For FFS (For Further Study)
Further
Study)
E [300] < NRB,agg <= FFS (For FFS (For Further Study)
[400] Further
Study)
F [400] < NRB,agg <= FFS (For FFS (For Further Study)
[500] Further
Study)

NOTE: BWChannel(1) and BWChannel(2) are channel bandwid ths of two E-UTRA
component carriers. NRB,agg is the number of the aggregated RBs within the fully
allocated Aggregated Channel bandwidth.

Channel Spacing

The channel spacing between carriers will depend on the deployment scenario, the
size of the frequency block available and the channel bandwidths. The nominal
channel spacing between two adjacent E-UTRA carriersis defined as following:

Nominal Channel spacing = (BWChannel(1) + BWChannel(2))/2

For intra-band contiguously aggregated carriers the channel spacing between
adjacent component carriers shall be multiple of 300 kHz.

The nominal channel spacing between two adjacent aggregated E-UTRA carriersis
defined asfollows:

BH.-_E!H.'::: T BH‘::a:w:;;; - E']JBH.::E!H.'::: - BH“CE!H.';:

0.3

Nominalchannslspacing=| |
i .6 [

where BWChannel (1) and BWChannel(2) are the channel bandwidths of the two
respective E-UTRA component carriers . The channel spacing for intra-band
contiguous carrier aggregation can be adjusted to any multiple of 300 kHz less than
the nominal channel spacing to optimize performance in a particular deployment
scenario.
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Channel Raster

The channel raster is 100 kHz for all bands, which means that the carrier center
frequency must be an integer multiple of 100 kHz.

Component Carrier Power Measurement Bandwidth and Filter

The component carrier powers are measured with the predefined bandwidths and
filter states. The measurement bandwidth of the component carrier measured can be
set to the predefined value in its corresponding measurements, the predefined
measurement bandwidths for BS and UE are given based on their channel

bandwidths:
Table 3-11 BS Component Carrier power measurement bandwidth (MH2)
LTE Band wid th (MHz)
1.4 3 5 10 15 20
ACP Meas 1.095 2715 4515 9.015 13.515 18.015
Noise BW
SEM Integ 1.095 2715 4515 9.015 13.515 18.015
BW
CHP Integ 1.4 3 5 10 15 20
BW
Table 3-12 UE Component Carrier power measurement bandwidth (MHZ)
LTE Band wid th (MHz)
1.4 3 5 10 15 20
ACP Meas 1.08 2.7 4.5 9 13.5 18
Noise BW
SEM Integ 1.08 2.7 4.5 9 13.5 18
BW
CHP Integ 1.4 3 5 10 15 20

BW
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Capturing Signalsfor Measurement

Figure

Oms=

An analyzer performing vector signal analysisis not areal-timereceiver but rather is
ablock-mode receiver. It captures atime record, and processes and displays the
result before capturing the next block of data. Typically the processing and analysis
time islonger than the capture time so there may be a gap between the end of one
time record and the beginning of the next. Those gapsin time imply that the analyzer
is not areal-time processor. This also applies to an analyzer that is configured to
trigger on an event such as the change in the amplitude at the beginning of aburst. It
may take the analyzer longer to process the current record than the time it takes for
the next trigger event to occur.

Here again, the analyzer is not operating in real-time. Fortunately, vector signal
analyzers provide away to get real-time measurements for alimited length of time
by using atime capture or recording of the input waveform. Time capturing allows
the storage of complete time records with no time gaps produced in the record. The
time capture is performed prior to data processing and once the waveform is
captured, the signal is played back for analysis.

The signal analyzer captures the time record directly from the measurement
hardware and stores the record in memory for immediate analysis or future use.
Capturing the time record has the added benefit that the same signal can be analyzed
over many different combinations of instrument settings including all the time and
frequency measurements discussed in this section. One benefit of starting with a
good set of vector measurements is the ability to choose atime capture length that is
long enough for complete analysis, but not so long as to cause slow transfer due to
excessively large capture files.

3-28 Sgnal Capture and Measurement Interval Diagram
anaksls
sant
Bodpefang
resof eoaglth ————————————
medsirerent
——  lhtenval —=
measement : ;
h— offst — .
DL: tame start 4 i Time
UL: beginning of first ot
Search Time
Oms=trigger || Raw Main Time

M easurement time-related parameters include:

* Result Length: Determines the signal capture length. Thisisthe data used by the
analyzer for demodulation and signal analysis.

Analysis Start Boundary: This specifies the boundary at which the Result Length
must start. For DL signals, you can choose to begin at the frame, half-frame,
subframe or slot boundary. For UL signals, only the slot boundary start positionis
available. Thisis because there are no sync channels for the UL signa, soitis
difficult to automatically determine frame and sub-frame boundaries.
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Measurement Interval: Determines the time length of Result Length datathat is
used for computing and displaying the trace data results.

Measurement Offset: Determines the start position of the Measurement Interval
within the Result Length.
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Finding Frames and Triggering M easurements

When first examining the pulsed characteristics of the LTE signal, it is often
necessary to adjust the time record length in order to see the entire frame or severa
frames within the waveform display.

A time-domain display using alarge number of points and showing one to two
frames can be used to measure the subframe lengths and transition gaps.

Triggering the analyzer at specific time intervals within the LTE waveform will
reguire setting the trigger type and magnitude level. Once the analyzer is properly
triggered, analysis of different parts within the waveform can then be made using the
trigger delay function of the instrument.

Finding the Trigger Level

Thetrigger level istypically set (in linear voltage units) to a percentage of the total
signal range. One way to determine this level, prior to triggering, is to examine the
time domain waveform in alinear power format. A level setting that is 10 to 50
percent of the approximate voltage maximum isagood start for bursted signals. This
assumes that the voltage is close to zero during the “ off” timesin the waveform.

Introducing a Trigger Delay

Trigger delay allows detailed measurements of specific parts of the signal. If trigger
delay is zero, the analyzer takes dataimmediately after the trigger conditions are
satisfied and then processes the results. If atrigger delay is positive (thisis called a
“post-trigger delay”) the analyzer waits through the duration of the delay before data
isacquired. The post-trigger delay allows the analyzer to begin the measurement at
any time into the waveform, for example, at the beginning of the first uplink frame.
A trigger delay that is negative, which is called a“pre-trigger delay”, allows
measurement of the rising edge of the RF burst including any transient effect that
may occur prior to the trigger.

Stabilizing the displayed measurement using the trigger functions alows you to
verify and troubleshoot the OFDMA signal using time and frequency domain
analysis. For example, by measuring signal level changes such as amplitude droopin
the time domain or flatness and ripple effectsin the frequency domain, you may
uncover thermal problemsin the amplifiers power stages or improper analog or
digital filtering respectively. Unexpected frequency tilt and poor center frequency
accuracy may be the result of poor component or synthesizer performance. Turn on
and turn-off transients may create demodulation errorsin the LTE receiver.

These may seem like very basic measurements, but a significant number of system
problems can be traced to these behaviors. Such problems may come from analog or
digital circuits, or interactions between them. Linking time and frequency
measurements with proper triggering can provide a high level of confidence in the
signal quality before digital demodulation takes place.
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Time Gating Concepts

Introduction: Using Time Gating on a Simplified Digital Radio Signal

Figure 3-29

Figure 3-30

This section shows you the concepts of using time gating on a simplified digital
radio signal. The section on Making Time-Gated Measurements demonstrates time
gating examples.

Figure 3-29 shows a signal with two radios, radio 1 and radio 2, that are
time-sharing a single frequency channel. Radio 1 transmits for 1 msthen radio 2
transmitsfor 1 ms.

Smplified Digital Mobile-Radio Sgnal in Time Domain

We want to measure the unique frequency spectrum of each transmitter.

A signal analyzer without time gating cannot do this. By the time the signal analyzer
has completed its measurement sweep, which lasts about 50 ms, the radio
transmissions switch back and forth 25 times. Because the radios are both
transmitting at the same frequency, their frequency spectra overlap, as shownin
Figure 3-30 The signal analyzer shows the combined spectrum; you cannot tell
which part of the spectrum results from which signal.

Freguency Spectra of the Combined Radio Sgnals
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Figure 3-31

Figure 3-32
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Time gating allows you to see the separate spectrum of radio 1 or radio 2 to
determine the source of the spurious signal, as shown in Figure 3-31

Time-Gated Spectrum of Radio 1

Time-Gated Spectrum of Radio 2

Wﬁ

T
b

Time gating lets you define atime window (or time gate) of when a measurement is
performed. This lets you specify the part of asignal that you want to measure, and
exclude or mask other signals that might interfere.
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How Time Gating Works

Time gating is achieved by the signal analyzer selectively interrupting the path of the
detected signal, with agate, as shown in Figure 3-35 and Figure 3-34 The gate
determines the times at which it captures measurement data (when the gate is turned
“on,” under the Gate menu, the signal is being passed, otherwise when the gateis
“off,” the signal is being blocked). Under the right conditions, the only signals that
the analyzer measures are those present at the input to the analyzer when the gateis
on. With the correct signal analyzer settings, all other signals are masked out.

There are typically two main types of gating conditions, edge and level:

» With edge gating, the gatetiming is controlled by user parameters (gate delay and
gate length) following the selected (rising or falling) edge of the trigger signal.
The gate passes asignal on the edge of thetrigger signal (after the gate delay time
has been met) and blocks the signal at the end of the gate length.

With edge gating, the gate control signal is usually an external periodic TTL
signal that rises and falls in synchronization with the rise and fall of the pulsed
radio signal. The gate delay is the time the analyzer waits after the trigger event
to enable the gate (see Figure 3-33).

» With level gating, the gate will pass a signal when the gate signal meets the
specified level (high or low). The gate blocksthe signal when the level conditions
are no longer satisfied (level gating does not use gate length or gate delay
parameters).

Figure 3-33 Edge Trigger Timing Relationships
Positive Edge Trigger Negative Edge Trigger

Signal

Trigger J —‘
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I I
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With Keysight signal analyzers, there are three different implementations for time
gating: gated L O, gated video and gated FFT.
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Figure 3-34
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Gated Video Concepts

Gated video may be thought of as a simple gate switch, which connects the signal to
the input of the signal analyzer. When the gateis“on” (under the Gate menu) the
gate is passing asignal. When the gate is “off,” the gate is blocking the signal.
Whenever the gate is passing a signal, the analyzer seesthe signal. In Figure 3-34
notice that the gate is placed after the envel ope detector and before the video
bandwidth filter in the IF path (hence “ gated video”).

The RF section of the signal analyzer responds to the signal. The selective gating
occurs before the video processing. This meansthat there are some limitations on the
gate settings because of signal response timesin the RF signal path.

With video gating the analyzer is continually sweeping, independent of the position
and length of the gate. The analyzer must be swept at aminimum sweep time (seethe
sweep time calculations later in this chapter) to capture the signal when the gateis
passing asignal. Because of this, video gating is typically slower than gated LO and
gated FFT.

Gated Video Sgnal Analyzer Block Diagram
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Gate A

Scan generator +
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Gated L O Concepts

Gated LO isavery sophisticated type of time gating that sweeps the LO only while
the gateis“on” and the gate is passing asignal. See Figure 3-35 for asimplified
block diagram of gated LO operation. Notice that the gate control signal controls
when the scan generator is sweeping and when the gate passes or blocks asignal.
This alows the analyzer to sweep only during the periods when the gate passes a
signal. Gated LO isfaster than Gated Video because Gated Video must constrain
sweep time so that each point islong enough to include a burst event. On the other
hand, when in Gated L O, multiple points may be swept during each gate.
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Figure 3-35 Gated LO Sgnal Analyzer Block Diagram
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Gated FFT Concepts

Gated FFT (Fast-Fourier Transform) isan FFT measurement which begins when the
trigger conditions are satisfied.

The process of making a spectrum measurement with FFTs isinherently a*“gated”
process, in that the spectrum is computed from atime record of short duration, much
like a gate signal in swept-gated analysis.

Using the analyzer in FFT mode, the duration of the time record to be gated is:

1.83

FFT Time Record (to be gated) = RBW

The duration of the time record is within atolerance of approximately 3% for
resolution bandwidths up through 1 MHz. Unlike swept gated analysis, the duration
of the analysisin gated FFT isfixed by the RBW, not by the gate signal. Because
FFT analysisisfaster than swept analysis (up to 7.99 MHz), the gated FFT
measurements can have better frequency resolution (a narrower RBW) than swept
analysis for agiven duration of the signal to be analyzed.
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Figure 3-36

Gated FFT Timing Diagram
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Time Gating Basics (Gated L O and Gated Video)

The gate passes or blocks a signal with the following conditions:
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Trigger condition - Usually an external transistor-transistor logic (TTL) periodic
signal for edge triggering and a high/low TTL signal for level triggering.

Gate delay - The time after the trigger condition is met when the gate beginsto
passasignal.

Gate length - The gate length setting determines the length of time a gate begins
to passasignal.

To understand time gating better, consider a spectrum measurement performed on
two pulsed-RF signals sharing the same frequency spectrum. You will need to
consider the timing interaction of three signals with this example:

The composite of the two pulsed-RF signals.
The gate trigger signal (aperiodic TTL level signa).
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Figure 3-37

* Thegatesignal. ThisTTL signa islow when the gateis“off” (blocking) and
high when the gateis “on” (passing).

The timing interactions between the three signals are best understood if you observe
them in the time domain (see Figure 3-37).

The main goal isto measure the spectrum of signal 1 and determineif it has any
low-level modulation or spurious signals.

Because the pulse trains of signal 1 and signal 2 have almost the same carrier
frequency, their spectraoverlap. Signa 2 will dominate in the frequency domain due
to its greater amplitude. Without gating, you won't see the spectrum of signal 1; itis
masked by signal 2.

To measure signal 1, the gate must be on only during the pulses from signal 1. The
gate will be off at all other times, thus excluding all other signals. To position the
gate, set the gate delay and gate length, as shown in Figure 3-37, so that the gateis
on only during some central part of the pulse. Carefully avoid positioning the gate
over therising or falling pul se edges. When gating is activated, the gate output signal
will indicate actual gate position in time, as shown in the line labeled “ Gate.”

Timing Relationship of Sgnals During Gating

#1 #2 #1 #2

Signal

Trigger | |
— ]
| Gate | I Gate
| Delgay I Delay
Gate o (o)

fe—
Gate Gate
Length Length
(4] L

Oncethe signa analyzer is set up to perform the gate measurement, the spectrum of
signal 1isvisible and the spectrum of signal 2 is excluded, as shown if Figure 3-39
In addition, when viewing signal 1, you also will have eliminated the pul se spectrum
generated from the pul se edges. Gating has allowed you to view spectral components
that otherwise would be hidden.
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Figure 3-38

Figure 3-39

Figure 3-40
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Sgnal within pulse #1 (time-domain view)

#1
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|

Using Time Gating to View Signal 1 (spectrum view)
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Moving the gate so that it is positioned over the middle of signal 2 produces aresult
asshownin Figure 3-41 Here, you see only the spectrum within the pul ses of signal
2; signal 1isexcluded.

Sgnal within pulse #2 (time-domain view)

#2

l aj160e
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Figure 3-41

Using Time Gating to View Signal 2 (spectrum view)
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Measuring a Complex/Unknown Signal

NOTE

The steps below help to determine the signal analyzer settings when using time
gating. The steps apply to the time gating approaches using gated LO and gated
video.

Sep 1.

This example shows you how to use time gating to measure a very specific signal.
Most signals requiring time gating are fairly complex and in some cases extra steps
may be required to perform a measurement.

Determine how your signal under test appears in the time domain and how it is
synchronized to the trigger signal.

You need to do this to position the time gate by setting the delay relative to the
trigger signal. To set the delay, you need to know the timing relationship between the
trigger and the signal under test. Unless you already have a good idea of how the two
signalslook in the time domain, you can examine the signals with an oscilloscopeto
determine the following parameters:

Trigger type (edge or level triggering)

Pulse repetition interval (PRI), which isthe length of time between trigger events
(the trigger period).

Pulse width, or t

Signal delay (SD), which isthe length of time occurring between the trigger
event and when the signal is present and stable. If your trigger occurs at the same
time as the signal, signal delay will be zero.
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Figure 3-42 Time-domain Parameters
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In Figure 3-42, the parameters are:

» Pulserepetition interval (PRI) is5 ms.

* Pulsewidth (t) is3ms.

» Signal delay (SD) is 1 msfor positive edge trigger (0.6 msfor negative edge

trigger).
» Gatedelay (D) is2.5ms.
e Setuptime (SUT) is1.5ms.
Sep 2. Set the signal analyzer sweep time:

Gated L O: Sweep time does not affect the results of gated L O unless the sweep time
is set too fast. In the event the sweep timeis set too fast, Meas Uncal appears on

the screen and the sweep time will need to be increased.

Gated Video: Sweep time does affect the results from gated video. The sweep time
must be set accordingly for correct time gating results. The recommended sweep
timeis at least the number of sweep points— 1 multiplied by the PRI (pulse
repetition interval). Measurements can be made with sweep times as fast as (sweep

points-1)* (PRI—).

Sep 3. Locate the signal under test on the display of the signal analyzer. Set the center
frequency and span to view the signal characteristics that you are interested in
measuring. Although the analyzer is not yet configured for correct gated
measurements, you will want to determine the approximate frequency and span in
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which to display the signal of interest. If the signal is erratic or intermittent, you may
want to hold the maximum value of the signal with Max Hold (located under the
Trace/Detector menu) to determine the frequency of peak energy.

To optimize measurement speed in the Gated LO case, set the span narrow enough so
that the display will still show the signal characteristics you want to measure. For
example, if you wanted to look for spurious signals within a 200 kHz frequency
range, you might set the frequency span to just over 200 kHz.

Sep 4. Determine the setup time and signal delay to set up the gate signal. Turn on the gate
and adjust the gate parameters including gate delay and gate length as shown below.

Generally, the gate should be positioned over a part of the signal that is stable, not
over apulse edge or other transition that might disturb the spectrum. Starting the gate
at the center of the pulse gives a setup time of about half the pulse width. Setup time
describes the length of time during which that signal is present and stable before the
gate comes on. The setup time (SUT) must be long enough for the RBW filtersto
settle following the burst-on transients. Signal delay (SD) is the length of time after
the trigger, but before the signal of interest occurs and becomes stable. If the trigger
occurs simultaneously with the signal of interest, SD is equal to zero, and SUT is
equal to the gate delay. Otherwise, SUT isequal to the gate delay minus SD. See
Figure 3-43

Figure 3-43 Positioning the Gate
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Thereisflexibility in positioning the gate, but some positions offer awider choice of
resolution bandwidths. A good rule of thumb isto position the gate from 20 % to
90 % of the burst width. Doing so provides a reasonable compromise between setup

time and gate length.
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Figure 3-44

Figure 3-45
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Best Position for Gate

Signal
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Asagenera rule, you will obtain the best measurement resultsif you position the
gate relatively late within the signal of interest, but without extending the gate over
the trailing pulse edge or signal transition. Doing so maximizes setup time and
provides the resolution bandwidth filters of the signal analyzer the most timeto settle
before a gated measurement is made. “Relatively late,” in this case, means allowing
asetup time of at |east 3.84/resolution bandwidth (see step 5 for RBW calculations).

As an example, if you want to use a 1 kHz resolution bandwidth for measurements,
you will need to alow a setup time of at least 3.84 ms.

Note that the signal need not be an RF pulse. It could be simply aparticular period of
modulation in asignal that is continuously operating at full power, or it could even
be during the off time between pulses. Depending on your specific application,
adjust the gate position to allow for progressively longer setup times (ensuring that
the gate is not left on over another signal change such as a pulse edge or transient),
and select the gate delay and length that offer the best representation of the signal
characteristics of interest on the display.

If you were measuring the spectrum occurring between pulses, you should use the
same (or longer) setup time after the pul se goes away, but before the gate goes on.
This lets the resolution bandwidth filters fully discharge the large pulse before the
measurement is made on the low-level interpulse signal.

Setup Time for Interpulse Measurement

L. SUT

Sep 5. Theresolution bandwidth will need to be adjusted for gated L O and gated video. The

video bandwidth will only need to be adjusted for gated video.

Resolution Bandwidth:
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The resolution bandwidth you can choose is determined by the gate position, so you
can trade off longer setup times for narrower resol ution bandwidths. Thistrade-off is
dueto the time required for the resolution-bandwidth filtersto fully charge before the
gate comes on. Setup time, as mentioned, is the length of time that the signal is
present and stable before the gate comes on.

Figure 3-46 Resolution Bandwidth Filter Charge-Up Effects
Signal
I
I
I
Gate |
i
| SUT |
I
RBW Filter |
Charging

No Response 1.28/RBW - - - > e |
50 % Response 2.56/RBW----: | I [<]

100 % Response 3.84/RBW---- » | | I( -----

Sep 6.

Because the resolution-bandwidth filters are band-limited devices, they require a
finite amount of time to react to changing conditions. Specifically, the filters take
time to charge fully after the analyzer is exposed to a pulsed signal .

Because setup time should be greater than filter charge times, be sure that:
SUT > 3.84/RBW

where SUT is the same as the gate delay in this example. In this example with SUT
equal to 1.5 ms, RBW is greater than 2.56 kHz; that is, RBW is greater than 1333
Hz. The resolution bandwidth should be set to the next larger value, 2.7 kHz.

Video Bandwidth:

For gated L O measurements the VBW filter acts as a track-and-hold between sweep
times. With this behavior, the VBW does not need to resettle on each restart of the

sweep.
Adjust span as necessary, and perform your measurement.

The analyzer is set up to perform accurate measurements. Freeze the trace data by
activating single sweep, or by placing your active trace in view mode. Use the
markers to measure the signal parameters you chosein step 1. If necessary, adjust
span, but do not decrease resolution bandwidth, video bandwidth, or sweep time.
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“Quick Rules’ for Making Time-Gated M easurements

This section summarizes the rules described in the previous sections.

Table 3-13 Determining Signal Analyzer Settings for Viewing a Pulsed RF Sgnal

Signal Analyzer Signal Analyzer Setting | Comments

Function

Sweep Time Set the sweep time to be | Because the gate must be

(gated video only) equal to or greater than | on at least once per trace

: point, the sweep time
(_n1u)n:<belrjlos ];S:;ei,ﬂt?:r:nts should be set such that the
interv:fl (PRI): P sweep time for each trace
) point is greater than or
equal to the pulse
repetition interval.

Gate Delay The gate delay isequalto | The gate delay must be set
the signal delay plus so that the gating captures
one-fourth the pulse the pulse. If the gate delay
width: is too short or too long, the
Gate Delay = Signal ga’Flng can miss the pulse
Delay + /5 or mclqde resolu.tlon

bandwidth transient
responses.

Gate Length The gate length minimum | If the gate length is too

is equal to one-fourth the
pulse width (maximum
about one-half):

Gate Length = 0.7 x t/4

long, the signal display can
include transients caused
by the signal analyzer
filters.

The recommendation for
gate placement can be
between 20 % to 90 % of
the pulse width.

Resolution Bandwidth

Set the resolution
band width:

RBW > 19.5/t

The resolution bandwidth
must be wide enough so
that the charging time for
the resolution bandwidth
filters is less than the pulse
width of the signal.

195




Concepts

Time Gating Concepts

Figure 3-47 Gate Positioning Parameters
| PRI .
I = T »| :
| I I |
l | | |
| | | I

Signal :

I
| !
| !
| sp | |

|
: I
Trigger SuT [ ’_‘
|
|
l |
Gate !‘ D (Gate Delay)
|‘

L (Gate Length)

Most control settings are determined by two key parameters of the signal under test:
the pulse repetition interval (PRI) and the pulse width (7). If you know these
parameters, you can begin by picking some standard settings. Table 3-14
summarizes the parameters for a signal whose trigger event occurs at the sametime
as the beginning of the pulse (in other words, SD is0). If your signal has a non-zero
delay, just add it to the recommended gate delay.

Table 3-14 Suggested Initial Settings for Known Pulse Width (7) and Zero
Sgnal Delay
Pulse Gate Delay Resolution Gate Length
width (1) (SD + 1/5) Bandwidth (0.7 x t/4)
(>19.5/7)
4 us 0.8 us 4.875 MHz 0.7 us
10 us 2us 1.95 MHz 1.753 us
50 us 10 us 390 kHz 8.75 us
63.5 us 12.7 us 307 kHz 1111 us
100 ps 20 ps 195 kHz 17.5 us
500 us 100 ps 39 kHz 87.5us
1 ms 200 pus 19.5 kHz 0.175 us
5ms 1ms 3.9 kHz 0.875ms
10 ms 2ms 1.95 kHz 1.75ms
16.6 ms 3.32ms 1.175 kHz 2.905 ms
33 ms 6.6 ms 591 Hz 5.775ms
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Table 3-14 Suggested Initial Settings for Known Pulse Width (7) and Zero
Sgnal Delay
Pulse Gate Delay | Resolution Gate Length
width (1) (SD +1/5) Band wid th (0.7 x t/4)
(>19.5/7)
50 ms 10 ms 390 Hz 8.75ms
100 ms 20 ms 195 Hz 17.5ms
>130 ms 26 ms 151 Hz 22.75ms
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Table 3-15

If You Have a Problem with the Time-Gated Measurement

Symptom

Possible Causes

Suggested Solution

Erratic analyzer trace with
dropouts that are not

Gate Delay may
be greater than

Reduce Gate Delay until it is less
than trigger interval.

removed by Increasing fcrlgger repetition Check Gate View to make sure

analyzer sweep time; interval. the gate delay is timed properly

oscilloscope view of gate '

output signal jumps

erratically in time domain.

Gate does not trigger. 1) Gate trigger With external gate trigger: ensure
voltage may be that the trigger threshold is set
wrong. near the midpoint of the waveform

2) Gate may not

be activated.

3) Gate Source
selection may be
wrong.

(view the waveform on and
oscilloscope using high input
impedance, not 50 Q).

With RF Burst Gate Source: ensure
that the start and stop frequencies
are within 10 MHz of the center
frequency of the carrier.

Check to see if other connections
to trigger signal may be reducing
voltage. If using an oscilloscope,
check that all inputs are high
impedance, not 50 Q.

Display spectrum does not
change when the gate is
turned on.

Insufficient setup
time.

Increase setup time for the current
resolution bandwidth, or increase
resolution bandwidth.

Displayed spectrum too
low in amplitude.

Resolution
bandwidth or
video bandwidth
filters not
charging fully.

Widen resolution bandwidth or
video bandwidth, or both.
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Using the Edge Mode or Level Mode for Triggering

3-48

Depending on thetrigger signal that you are working with, you can trigger the gatein
one of two separate modes. edge or level. This gate-trigger function is separate from
the normal external trigger capability of the signal analyzer, which initiates a sweep
of ameasurement trace based on an external signal.

Edge Mode

Edge mode lets you position the gate relative to either therising or falling edge of a
trigger signal. Theleft diagram of Figure 3-48 showstriggering on the positive edge
of the trigger signal while the right diagram shows negative edge triggering.

Example of key presses to initiate positive edge triggering:
Press Sweep, Gate, More, Polarity (Pos).

Using Positive or Negative Edge Triggering

Positive Edge Trigger Negative Edge Trigger

al

i —
_’I

W.

i

j¢— Delay —j«—No Delay —»| |[¢— Delay —|«— No Delay

Level Mode

In level gate-control mode, an external trigger signal opens and closes the gate.
Either the TTL high level or TTL low level opensthe gate, depending on the setting
of Trig Slope. Gate delay affects the start of the gate but not the end. Gate length is
applicable when using level mode triggering. Level mode is useful when your trigger
signal occurs at exactly the same time as does the portion of the signal you want to
measure.

199



Concepts
Time Gating Concepts

Noise M easurements Using Time Gating

Time gating can be used to measure many types of signals. Noise and noise-like
signals are often a specia case in spectrum analysis. With the history of gated
measurements, these signals are especially noteworthy.

The average detector is the best detector to use for measuring noise-like signals
because it uses al the available noise power al the time in its measurement. The
sample detector is also a good choice because it, too, is free from the peak biases of
the peak detector, normal and negative peak detectors.

When using the average or sample detector, noise density measurements using the
noise marker or band/interval density marker can be made without any consideration
of the use of gating--gated measurements work just as well as non-gated
measurements. Thus, the average detector is recommended for noise density
measurements.

Older analyzers only had the gated video version of gating available, and these only
worked with the peak detector, so therest of this section will discuss the trade-offs
associated with trying to replicate these measurements with an MXA.

Unlike older analyzers, MXA can make competent measurements of noise density
using the noise marker with all detectors, not just those that are ideal for noise
measurements. Thus, MXA can make noise density measurements with peak
detection, compensating for the extent to which peak detection increases the average
response of the analyzer to noise. When comparing a gated video measurement using
the noise marker between MXA and an older analyzer where both use the peak
detector, the MXA answer will be approximately correct, while the older analyzer
will need a correction factor. That correction factor is discussed in Keysight
Technologies Application Note 1303, Spectrum Analyzer Measurements and Noise,
in the section on Peak-detected Noise and TDMA ACP Measurements.

When making measurements of Band/Interval Power or Band/Interval Density, the
analyzer does not make compensations for peak detection. For best measurements
with these marker functions, average or sample detection should be used.
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M easuring the Frequency Spectrum

The analyzer can perform spectrum analysis using either a scalar (also called
“stepped FFT measurements’) or a vector measurement. Scalar measurements
provide amplitude-only information over the full frequency range of the instrument.
Vector measurements provide both phase and amplitude information over the
processing bandwidth of the instrument.

Measuring the Wideband Spectrum

Anaysisof an LTE signal typically starts with awideband spectrum measurement. A
wideband spectrum measurement is used to verify the center frequency, nominal
signal bandwidth, amplitude level, and sidelobe level of the LTE signal. It isalso an
opportunity to verify the level of any spurs and other interference signals present in
the frequency band that may cause errors during digital demodulation.

Verifying the spectral content is typically performed using a maximum-hold
detection scheme. For peak amplitude and spurious measurements of the OFDM
signal, the analyzer is configured with alarge frequency span (perhaps using the
scalar measurement mode) and max-hold averaging. Continuous peak-hold
averaging is ameasurement function used by the analyzer to measure and display the
largest magnitude (determined over many measurements) for each frequency point in
the span.

Measurement of low level spurious and interference signals should be performed
using a Gaussian window, which provides the highest dynamic range in the
measurement. The Gaussian window offersthe lowest sidelobe level of any analyzer
window at slightly reduced amplitude accuracy. Combining peak hold averaging and
Gaussian windowing isideal to ensure that no significant signals are missed either in
the band or out.

Lastly, the analyzer’s input range must be correctly set in order to obtain accurate
measurements. If the input range testing is too low (more sensitive than necessary),
the analyzer’'s analog-to-digital converter (ADC) circuitry is overloaded and
introduces distortion into the measurement. If the range is set too high (less sensitive
than necessary), there may be aloss of dynamic range due to additional noise. If the
wideband spectrum for the LTE test signal is acceptable, the instrument can be
re-configured for the next analysis step, which is a measurement of the narrowband
spectrum.

M easuring the Narrowband Spectrum

For narrowband spectrum analysis of the LTE signal, the instrument’s frequency
span should be set to approximately 1.1 times the nominal bandwidth of the signal.
Alternately the span can be configured to match the bandwidth of atypical LTE
front-end filter. Using a frequency span closeto atypical receiver’s RF bandwidth
allows the analyzer measurements to be performed with similar input noise and
interference levels as would be seen in practice.
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Figure 3-49

Narrowband measurements also provide improved frequency resolution and greater
accuracy in setting the center frequency of the instrument or verifying the center
frequency of the signal under test. The improved frequency resolution results from
the inverse relationship between span and RBW. Accurate amplitude measurements
of the LTE signal are required for system verification, troubleshooting and
compliance with local regulations.

Amplitude measurements as a function of frequency for these noise-like signals
should be performed using RM S (video) averaging and RM S detection. The
detection mechanisms in the analyzer are always RMS. The analyzer calculates the
frequency spectrum using a Fast Fourier Transform (FFT) that directly resultsin the
true RM S power of the signal whether it is asingle tone, noise, or any complex
signal. RM S averaging produces a statistical approximation of the true power level
over the measured time record(s), which includes on/off times and the transient
effects of the bursted OFDM signal.

Time-variant signals such as LTE signals often require spectral analysis over a
smaller portion of the entire waveform, for example, during a subframe. In this case,
the measurement needs to be stabilized using the trigger control in the analyzer.
Triggering the analyzer can easily be accomplished and the details will be provided
in the next section. The importance of triggering for atime-variant waveform can be
seenin Figure 3-49 on page 202, which shows the difference between the spectrum
of aOFDM signal when theinstrument is not triggered (upper display) and whenitis
triggered (lower display). The sidelobe levels for the untriggered response rapidly
change from individual measurement to measurement as the spectrum measurement
ismade on different parts of the time-variant waveform. In comparison, the triggered
response maintains the spectral shape as the instrument is triggered at the beginning
of each OFDM frame. Both measurements were made with the averaging disabled.
Both measurements are accurate, but the change in trigger conditions changes the
portion of the signal that is measured.

Frequency domain response of a OFDM signal without using an instrument trigger
(upper trace) and using a trigger to set the beginning of the downlink frame (lower
trace). (Example from the Keysight 89600).

H Agilent 89600 Yector Signal Analyzer ![; m
Ele Edt Control Source [nput MeasSetup Display Irace Markers Lbities Help
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A& 01 Chl Spechium Range: -15 dBm
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dBm
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LTE & LTE-A Measurement Concepts

The following sections describe the purpose, measurement method for the LTE &
LTE-A measurements.

* “Channel Power Measurement Concepts” on page 204

* “Occupied Bandwidth Measurement Concepts” on page 205

e “Adjacent Channel Power (ACP) Measurement Concepts” on page 206

* “Power Statistics CCDF Measurement Concepts” on page 208

*  “Spurious Emissions Measurement Concepts” on page 210

» “Spectrum Emission Mask Measurement Concepts” on page 211

* “Transmit On/Off Measurement Concepts” on page 212

o “LTE & LTE-A Modulation Analysis Measurement Concepts” on page 213
* “lQ Waveform Measurement Concepts” on page 214

e “Monitor Spectrum (Frequency Domain) Measurement Concepts” on
page 215

“LTE & LTE-A Conformance EVM Measurement Concepts” on page 216
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Channel Power Measurement Concepts

Purpose

The Channel Power measurement is a common test used in the wireless industry to
measure the total transmitted power of aradio within a defined frequency channel.
This procedure measures the total power within the defined channel for LTE. This
measurement is applied to design, characterize, evaluate, and verify transmitters and
their components or devices for LTE uplink and downlink signals.

M easurement Method

The Channel Power measurement reports the total transmitted power and the
calculated power spectral density within the integration bandwidth. It takes a sweep
and the measurement acquires power in the channel.

The power calculation method used to determine the channel power is atraditional
method known as the integration bandwidth (IBW) method. The measurement uses
the frequency sweep mode, the RBW filter is set narrow relative to the desired
integration bandwidth. You can change the RBW and VBW setings.It isimportant to
correctly set the RBW before making this measurement, because if the RBW filter
setting istoo narrow the signal will be under-sampled and not all of the signal power
will be measured. If the setting istoo wide, it will reduce the accuracy of the Channel
Power measurement.

Span keys are not supported in LTE-Advanced FDD/TDD channel power because
the span is calculated automatically from integration bandwidths pre-defined for all
formats. In FREQ Channel, Component Carrier Setup, Configure Component
Carriers, Bandwidth, the CHP Integ BW parameter is added and the LTE-Advanced
FDD/TDD CHP measurement uses these values to calculate carrier powers. Preset
values of these bandwidth parameters, see “Component Carrier Power
Measurement Bandwidth and Filter” on page 178.

To improve repeatability, you can increase the number of averages. The channel
power graph is shown in the graph window, while the absolute channel power in
dBm and the mean power spectral density in dBm/Hz are shown in the text window.

Because the signal under test is bursted, CHP measurements must be made in
synchronized fashion with the burst timing in order to get auseful samplein thetime
domain during the “on” portion of the signal. Thisis accomplished using Time
Gating (Gate ON). The sweep timing is synchronized with the signal when time
gating is on. However, if the sweep time is too short, due to the synchronization,
each measurement in the frequency domain can capture only the corresponding
portion of the signal in time domain. In this case, an increase of the Avg Number will
have no effect on the measurement deviation from one trace update to the next. To
reduce this variation, the sweep time must be increased.
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Occupied Bandwidth M easurement Concepts

Purpose

Occupied bandwidth measurements express the percentage of the transmitted power
within a specified bandwidth. This percentage istypically 99%.

The spectrum shape of aLTE signal can give useful qualitative insight into
transmitter operation. Any distortion to the spectrum shape can indicate problemsin
transmitter performance.

M easurement Method

The instrument uses sweep mode to capture the data and the total power within the
measurement frequency span isintegrated for its 100% of power. The frequencies of
0.5% of the total power are then calculated to get 99.0% bandwidth.

The LTE-Advanced FDD/TDD supports the auto span mode whatever the
transmission type is single carrier or multi-carrier. The active carrier(s) are detected
for the span calculation.

Because the signal under test is bursted, the measurement must be made in
synchronized fashion with the burst timing in order to get a useful samplein thetime
domain during the “on” portion of the signal. Thisis accomplished using Time
Gating (Gate ON).
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Adjacent Channel Power (ACP) Measurement Concepts

Purpose

Adjacent Channel Power (ACP), isthe power contained in a specified frequency
channel bandwidth relative to the total carrier power. It may also be expressed asa
ratio of power spectral densities between the carrier and the specified offset
frequency band.

As acomposite measurement of out-of-channel emissions, ACP combines both
in-band and out-of-band specifications to provide useful figures-of-merit for spectral
regrowth and emissions produced by components and circuit blocks without the rigor
of performing afull spectrum emissions mask measurement.

To maintain aquality call by avoiding channel interference, it isimportant to
measure and reduce any adjacent channel |eakage power transmitted from a mobile
phone. The characteristics of adjacent channel |eakage power are mainly determined
by the transmitter design, particularly the low-passfilter.

M easurement M ethod

This ACP measurement analyzes the total power levels within the defined carrier
bandwidth and at given frequency offsets on both sides of the carrier frequency. This
measurement requires the user to specify measurement bandwidths of the carrier
channel and each of the offset frequency pairs. Each pair may be defined with unique
measurement bandwidths.

For Meas Method of RBW, it uses an appropriate RBW and capture all of the power
in the carrier channel and the offsets. For Meas Method of integration bandwidth
(IBW), the channel integration bandwidth is analyzed using the user defined
resolution bandwidth (RBW), which is much narrower than the channel bandwidth.
The measurement computes an average power of the channel over a specified
number of data acquisitions, automatically compensating for resolution bandwidth
and noise bandwidth.

If Total Pwr Ref is selected as the measurement type, the results are displayed as
relative power in dBc and as absolute power in dBm. If PSD Ref (Power Spectral
Density Reference) is selected, the results are displayed asrelative power in dB, and
as absolute power in dBm/Hz.

Because the signal under test is bursted, the measurement must be made in
synchronized fashion with the burst timing in order to get auseful sampleinthetime
domain during the “on” portion of the signal. This is accomplished using Time
Gating (Gate ON).

In FREQ Channel, Component Carrier Setup, Configure Component Carriers,
Bandwidth, the ACP Measurement Noise BW parameter is added and the
LTE-Advanced FDD/TDD ACP measurement uses these values to calculate carrier
powers. Preset values of these Measurement Noise BW, see “Component Carrier
Power Measurement Bandwidth and Filter” on page 178.
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Intermodulation test is supported in this measurement. Offsets whose entire or part
of frequency range is covered by the intermodulation interference frequency range
specified by the parameters under the Mode Setup, Intermod menu are excluded
from the limit test when interference power present is on.
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Power Satistics CCDF M easurement Concepts

Purpose

Many of the digitally modulated signals appear noise-like in the time and frequency
domain. This means that statistical measurements of the signals can be a useful
characterization. Power Complementary Cumulative Distribution Function (CCDF)
curves characterize the higher-level power statistics of a digitally-modulated signal.
The curves can be useful in determining design parameters for digital
communications systems.

The power statistics CCDF measurement can be affected by many factors. For
example, modulation filtering, modulation format, combining the multiple signals at
different frequencies, number of active codes and correlation between symbols on
different codes with spread spectrum systems. These factors are al related to
modulation and signal parameters. External factors such as signal compression and
expansion by non-linear components, group delay distortion from filtering, and
power control within the observation interval also affect the measurement.

CCDF curves can help you in several situations:
* To determine the headroom required when designing a component.

» To confirm the power statistics of agiven signal or stimulus. CCDF curves alow
you to verify if the stimulus signal provided by another design team is adequate.
For example, RF designers can use CCDF curvesto verify that the signal
provided by the digital signal processing (DSP) section isredlistic.

» To confirm that a component design is adequate or to troubleshoot your
subsystem or system design, you can make CCDF measurements at several
points of asystem. For example, if the ACLR of atransmitter istoo high, you can
make CCDF measurements at the input and output of the PA. If the PA designis
correct, the curves will coincide. If the PA compresses the signal, the PAR of the
signal islower at the output of the PA.

M easurement Method

The power measured in power statistics CCDF curvesis actually instantaneous
envel ope power defined by the equation:

P=(%+Q%/z,

(where | and Q are the quadrature voltage components of the waveform and Zo isthe
characteristic impedance).

A CCDF curveis defined by how much time the waveform spends at or above a
given power level. The percent of time the signal spends at or above the level defines
the probability for that particular power level. To make the power statistics CCDF
measurement, the instrument uses digital signal processing (DSP) to sample the
input signal in the channel bandwidth.
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The Gaussian distribution line as the band-limited gaussian noise CCDF reference
line, the user-definable reference trace, and the currently measured trace can be
displayed on a semi-log graph. If the currently measured trace is above the user
referencetrace, it meansthat the higher peak power levels against the average power
are included in the input signal.
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Spurious Emissions M easurement Concepts

Purpose

Spurious signals can be caused by different combinations of signalsin the
transmitter. The spurious emissions from the transmitter should be minimized to
guarantee minimum interference with other frequency channelsin the system.
Harmonics are distortion products caused by nonlinear behavior in the transmitter.
They are integer multiples of the transmitted signal carrier frequency.

This measurement verifiesthe frequency ranges of interest are free of interference by
measuring the spurious signals specified by the user defined range table.

M easurement M ethod

The table-driven measurement has the flexibility to set up custom parameters such as
frequency, span, resolution bandwidth, and video bandwidth.

For each range that you specify and activate, the analyzer scans the band using the
specified Range Table settings. Then using the Peak Excursion and Peak Threshold
values determines which spurs to report.

Aseach band is swept, any signal which isabove the Peak Threshold value and hasa
peak excursion of greater than the Peak Excursion value will be added to alist of
spurs displayed in the lower results window. A total of 200 spurs can be recorded for
one measurement, with alimit of 10 spurs per frequency range. To improve
repeatability, you can increase the number of averages.

From the spursin the list, those with peak amplitude greater than the Absolute Limit
for that range will be logged as a measurement failure and denoted by an 'F' in the
'‘Amplitude’ column of thetable. If no spurs are reported, but the measured trace
exceeds the limit line for any range, the fail flag is set to fail.

This measurement has the ability to display two traces using different detectors on
the display simultaneously. All spur detection and limit line testing are only applied
to the trace associated with Detector 1, which will be colored yellow. The trace
associated with Detector 2 will be colored cyan.

If the sweep time for the range exceeds 2 seconds, a flashing message
“Sweeping...Please Wait” will appear in the annunciator area. This advises you that
the time to compl ete the sweep is between 2 and 2000 seconds, and is used as
without it the display would appear stagnant and you may think the measurement is
not functional .

The intermodulation test is supported in this measurement. The intermodulation
interference frequency range specified by the parameters under the Mode Setup,
Intermod menu is excluded from the measurement when interference power present
ison.
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Spectrum Emission Mask M easurement Concepts

Purpose

Spectrum Emission Mask measurements include the in-band and out-of-band
spurious emissions. It isthe power contained in a specified frequency bandwidth at
certain offsetsrelative to the total carrier power. It may also be expressed asaratio of
power spectral densities between the carrier and the specified offset frequency band.

As acomposite measurement of out-of-channel emissions, the spectrum emission
mask measurement combines both in-band and out-of-band specifications to provide
useful figures-of-merit for spectral regrowth and emissions produced by components
and circuit blocks without the rigor of performing afull spectrum emissions mask
measurement.

M easurement M ethod

The spectrum emission mask measurement measures spurious signal levelsinupto 6
pairs of offset/region frequencies and rel ates them to the carrier power. Thereference
channel integration bandwidth method is used to measure the carrier channel power
and offset/region powers. When “ Offset” is selected, spectrum emission mask
measurements are made, relative to the carrier channel frequency bandwidth. When
“Region” is selected, spurious emission absolute measurements are made, set by
specifying start and stop RF frequencies.

The channel integration bandwidth is analyzed using the user defined resolution
bandwidth (RBW), which is much narrower than the channel bandwidth. The
measurement computes an average power of the channel or offset/region over a
specified number of data acquisitions, automatically compensating for resolution
bandwidth and noise bandwidth.

This measurement requires the user to specify measurement bandwidths of the
carrier channel and each of the offset/region frequency up to 12 (A - L). Each offset
may be defined with unique measurement bandwidths. The results are displayed both
as relative power in dBc, and as absolute power in dBm.

Under FREQ Channel, Component Carrier Setup, Configure Component Carriers,
Bandwidth, the SEM Integ BW parameter is added and the LTE-Advanced
FDD/TDD SEM measurement uses these values to calculate carrier powers. Preset
values of these Measurement Integ BW, see “Component Carrier Power
Measurement Bandwidth and Filter” on page 178.
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Transmit On/Off M easurement Concepts

Figure 3-50

O povrer level =

(Informative)

CFF power level =

Purpose

The Transmit On/Off measurement measures the mean transmit power and examines
the time domain burst shape to determine the power rise and fall fits within the
defined mask. The limit mask is configurable.

M easurement M ethod
There are two key results: transmitter off power and transmitter transient period.

e Transmitter Off Power

Transmitter OFF power is defined as the mean power measured over [70 us]
filtered with a square filter of bandwidth equal to the transmission bandwidth
configuration of the BS (BWConfig) centred on the assigned channel frequency
during the transmitter OFF period. The transmitter OFF power spectral density
shall be less than -85 dBm/MHz.

e Transmitter Transient Period

Transmitter transient period is the time period during which the transmitter is
changing from the OFF period to the ON period or vice versa. The transmitter
transient period isillustrated in figure below. The transmitter transient period

should be shorter than 17 us.

LTE TDD Transmitter Transient Period

& Transmitter Cutput Power

+

-

1
1
1
1
1
1
———— [ERpRpRR NN . -
1
1
1
:
1
1

1 . . 1
1~ Transmitter transtent ' Time
el bl e

Transmitter OFF Transmitter OFF
period period

For averaged measurements, the user may specify the number of sweeps over which
to average the result. This meansthat for an average number of 10, the power results
are obtained from each trace, converted to linear (voltage squared), and then
averaged with the previous average result before being displayed. The running
average count and (the log of) the true averaged linear power will be displayed after
each measurement sweep.
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LTE & LTE-A Modulation Analysis M easurement Concepts

Purpose

The Modulation Analysis measurement provides LTE & LTE-A modulation analysis
capabilities, it can demodulate both uplink and downlink signals, which may consist
of up to 5 aggregated component carriers. Once required parameters are specified,
the demodulator will automatically lock onto the signal. The measurement is based
on the acquisition of 1Q Pairs.

M easurement M ethod

Thefunctionality in LTE & LTE-A measurement is fully compatible with LTE
Modulation Analysis measurement for each CC. It also has auto range function
which LTE Modulation Analysis measurement does not have.

At ageneral level, the measurement loop consists of the following steps:

1. Acquire new data

2. Locatethefirst complete pulse/burst

3. Demodulate the burst

4. Compute measurement results, in some cases computing averaged results
5. Display the measurement results

The Modulation Analysis measurement provides an auto-detect feature for downlink
and uplink signals that makes measurement of all parameters automatically.
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| Q Waveform Measurement Concepts

Purpose

The waveform measurement is a generic measurement for viewing the input signal
waveforms in the time domain. This measurement is how the instrument performs
the zero span functionality found in traditional spectrum analyzers.

Basic mode waveform measurement data may be displayed using either a Signal
Envelope window, or an 1/Q window which shows the | and Q signal waveformsin
parameters of voltage versustime. The advantage of having an I/Q view available
while making a waveform measurement is that it allows you to view complex
components of the same signal without changing settings or measurements.

The waveform measurement can be used to perform general purpose power
measurements in the time domain with excellent accuracy.

M easurement Method

The instrument makes repeated power measurements at a set frequency, similar to
the way a swept-tuned spectrum analyzer makes zero span measurements. The input
analog signal is converted to adigital signal, which then is processed into a
representation of a waveform measurement. The measurement relies on a high rate
of sampling to create an accurate representation of atime domain signal.
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Monitor Spectrum (Frequency Domain) Measurement Concepts

Purpose

The Monitor Spectrum measurement provides spectrum analysis capability for the
instrument. The control of the measurement was designed to be familiar to those who
are accustomed to using swept spectrum analyzers. The primary use of Monitor
Spectrum isto allow you to visually make sure you have the RF carrier available to
the instrument, and the instrument is tuned to the frequency of interest.

M easurement Method

The analyzer sweeps the LO to generate a heterodyned I F signal which can be
detected for the purpose of analyzing the signal content of a range of frequencies.
The x-axis of the display is frequency, the Y Axisisamplitude.
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LTE & LTE-A Conformance EVM M easurement Concepts

Purpose

The Conformance EVM (CEVM) measurement provides quick and easy
measurement for LTE & LTE-A modulation analysis. The major functionality isthe
sameasthe LTE & LTE-A Modulation Analysis measurement (EVM); however, the
measurement items of result are tailored for the speed and therefore some of the
functionalities and results are excluded or limited. The user can get the sameresult as
the Error Summary on EVM.

M easurement Method

All available measurement parameters are accessible through RUI (SCPI). CEVM
doesn't have softkeys for setting parameters except for some common keys.
Basically it has three views: Measurement List view, Parameter List view and Result
Metrics view. These views are in tabular form.

Differencesfrom LTE & LTE-A Modulation Analysis M easurement

Most functions are the same as the LTE Modulation Anaysis (EVM) measurement.

If you have a set of SCPI liststo set up the current existent EVM measurement, you
can easily convert it for the CEVM measurement by simply replacing the node name
“EVM” with“CEVM”.

For example,

EVM [:SENSe]:EVM:CCARO:PROFilee AUTO:DETect ON|OFF

CEVM  [:SENSe]:CEVM:CCARO:PROFile AUTO:DETect ON|OFF
However, some features are different between EVM and CEVM as shown below.

» Theresults displayed on Error Summary in the EVM measurement are also
availablein CEVM. On the other hand, the other results such as Frame Summary,
symbols, and various traces are not available in CEVM.

» For Trigger Setting, CEVM also applies xSA-based SCPlI commands.

* The parameter “Update” concept in EVM doesn’'t existin CEVM. Any users and
alocation changes take effect immediately. Same appliesto “Ignore” commands.

» For IF BW setting, EVM uses the command “[: SENSe]:FREQuency:SPAN,” and
CEVM uses “[:SENSe]:CEVM:IFBW". Since IF BW is automatically set
whenever the Demod Bandwidth is changed, the user doesn’t have to changeit.

* Some SCPI commandsin EVM are not availablein CEVM, see “SCP|
Commands available in EVM are not supported in CEVM” on page 216.
Some SCPI commands are newly added in CEVM, see “SCPI Commands only
available in CEVM” on page 221.

SCPI Commands availablein EVM are not supported in CEVM

These averaging capabilities are not implemented in CEVM. CEVM only supports
exponential averaging.
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[:SENSe]:EVM:CCAR{ 0:4} :AVERage:FAST
[:SENSe]:EVM:CCAR{ 0:4} :AVERage:FAST:URATe
[:SENSe]:EVM:CCAR{0:4} :AVERage:FAST:URATe AUTO
[:SENSe]:EVM:CCAR{ 0:4} :AVERage: TCONtrol
[:SENSe]:EVM:CCAR{0:4} :AVERage:TY PE

Copy Auto Detection to Manual function is not implemented in CEVM.

[:SENSe]:EVM:CCAR{ 0:4} :PROFile:COPY[:IMMediate]

Decoding capabilities are not implemented in CEVM.

[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:PBCH
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:PCFich
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:PDCCh
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:PDSCh
[:SENSe]:EVM:CCAR{ 0:4} :ULINk:DECode:PUSCh
[:SENSe]:EVM:CCAR{ 0:4} :ULINk:DECode:PUCCh
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:DFINclude
[:SENSe]:EVM:CCAR{0:4} :DLINk:DECode:RNTI:MINimum:RA
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:RNTI:MAXimum:RA
[:SENSe]:EVM:CCAR{0:4} :DLINk:DECode:RNTI:MINimum:TPC
[:SENSe]:EVM:CCAR{0:4} :DLINk:DECode:RNTI:MAXimum:TPC
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:DFTWo0:PRONe
[:SENSe]:EVM:CCAR{0:4} :DLINk:DECode:DFTWo:PRTWo
[:SENSe]:EVM:CCAR{0:4} :DLINk:DECode:DFTWo:PRTHree
[:SENSe]:EVM:CCAR{ 0:4} :DLINk:DECode:DFTWo: PRFour
[:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:PUSCh:HARQ:ISIZe
[:SENSe]:EVM:CCAR{ 0:4} :ULINk:DECode:PUSCh:HARQ: OFFSet
[:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:PUSCh:RI:1SIZe
[:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:PUSCh:RI:OFFSet
[:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:PUSCh:CQI:ISIZe
[:SENSe]:EVM:CCAR{ 0:4} :ULINk:DECode:PUSCh:CQI:OFFSet
[:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:PUCCh:HARQ:ISI Ze
[:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:PUCCh:CQI:ISIZe
[:SENSe]:EVM:CCAR{ 0:4} :ULINk:DECode:PUCCh:CQI:ISIZeeAUTO
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* [:SENSe]:EVM:CCAR{0:4} :ULINk:DECode:ANFMode

* [:SENSe]:EVM:CCAR{0:4}:REPort:DB

* [:SENSe]:EVM:CCAR{0:4} :REPort:POWer:REL ative

* [:SENSe|:EVM:CCAR{0:4}:TIME:SCALe:FACTor

* [:SENSe:EVM:CCAR{0:4} :ULINk:PROFile AUTO:PUSCh:MODulation: TY PE
 [:SENSe]:EVM:CCAR{0:4} :DLINK:SYNC:CPLength:AUTO
* [:SENSe]:EVM:CCAR{0:4} :ULINk:SYNC:CPLength:AUTO
e [:SENSe]:EVM:CCAR{0:4}:DLINk:UERS:WEIGhts:RIFormat
« [:SENSe]:EVM:CCAR{0:4} :DLINK:UERS:WEIGhts:DISPlay
These display related commands are not availablein CEVM.

o :DISPlay:EVM:CCAR{0:4}:AFPoints

* :DISPlay:EVM:CCAR{0:4} :ANNotation:TITLe:DATA

» :DISPlay:EVM:CCAR{0:4} :FANNotation

o :DISPlay:EVM:TRACe(1:4):COPY /nquery/

o :DISPlay:EVM:TRACe(1:4):DDEMod:ALINe

* :DISPlay:EVM:TRACe(1:4):DDEMod:EY E:COUNt

e :DISPlay:EVM:TRACe(1:4):DDEMod:SY MBol

o :DISPlay:EVM:TRACe(1:4):DDEMod:SY MBol:FORMat

* :DISPlay:EVM:TRACe(1:4):DDEMod:SY MBol:SHAPe

e :DISPlay:EVM:TRACe(1:4):DDEMod:SYMBoal:SIZE

« :DISPlay:EVM:TRACe(1:4):DDEMod:UNIT:FREQuency

» :DISPlay:EVM:TRACe(1:4):DDEMod:UNIT:-TIME

e :DISPlay:EVM:TRACe(1:4):FEED

« :DISPlay:EVM:TRACe(1:4):FORMat

» :DISPlay:EVM:TRACeg(1:4):FORMat:DEL ay:APERture

» :DISPlay:EVM:TRACe(1:4):FORMat:PHA Se: OFFSet

» :DISPlay:EVM:TRACe(1:4):FORMat: PHA Se:UNWRap:REFerence
» :DISPlay:EVM:TRACe(1:4):RLINe

o :DISPlay:EVM:TRACe(1:4):VHCenter

« :DISPlay:EVM:TRACe(1:4):X[:SCAL€|:COUPle

» :DISPlay:EVM:TRACe(1:4):X[:SCAL€]:RLEVH

o :DISPlay:EVM:TRACe(1:4):X[:SCAL¢€]:RPOSition
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» :DISPlay:EVM:TRACe(1:4):X[:SCAL€]:SPAN

» :DISPlay:EVM:TRACe(1:4):Y:LRATi0

* :DISPlay:EVM:TRACe(1:4):Y[:SCAL€:AUTO:ONCE/nquery/
» :DISPlay:EVM:TRACe(1:4):Y[:SCALE€]:PDIVision

» :DISPlay:EVM:TRACe(1:4):Y[:SCAL€]:RLEVH

» :DISPlay:EVM:TRACe(1:4):Y[:SCAL€e]:RLEVel:AUTO
» :DISPlay:EVM:TRACe(1:4):Y[:SCALE€]:RPOSition

» :DISPlay:EVM:TRACe(1:4):Y:UNIT?/qonly/

» :DISPlay:EVM:TRACe(1:4):Y:UNIT:PREFerence

» :DISPlay:EVM:VIEW:PRESet/nquery/

» :DISPlay:EVM:WINDow:FORMat

These DATA related commands are not availablein CEVM.

* :CALCulateeEVM:DATA(1:4)?qonly/

e :CALCulateEVM:DATA(1:4):HEADer:NAMes?/qonly/
» :CALCulate EVM:DATA(1:4):HEADer[:NUMBer]?/qonly/
* :CALCulateeEVM:DATA(1:4):HEADer:STRing?/gonly/

e :CALCulate:EVM:DATA(1:4):HEADer:TY PE?/qonly/

e :CALCulateEVM:DATA(1:4):NAMes?/qonly/

» :CALCulateeEVM:DATA(1:4):POINts?/qonly/

e :CALCulateEVM:DATA(1:4):RAW?/qonly/

» :CALCulate:EVM:DATA(1:4):RAW:COM Plex?/gonly/

» :CALCulateEVM:DATA(1:4):RAW:POINts?gonly/

e :CALCulate EVM:DATA(1:4): TABLeNAMes?qonly/

» :CALCulateEVM:DATA(1:4): TABL€e[:NUMBer]?/gonly/
* :CALCulatee EVM:DATA(1:4):TABLe:STRing?/gonly/

o :CALCulateEVM:DATA(1:4):TABLeUNIT?/qonly/
These MARKer related commandsare not available in CEVM.
» :CALCulateeEVM:MARKaer(1:12):AOFF/nquery/

e :CALCulateEVM:MARKer(1:12):CFORmat

» :CALCulateEVM:MARKer(1:12):COUPIe[:STATe]

» :CALCulateEVM:MARKer(1:12):CPSearch[:STATEe]

e :CALCulateEVM:MARKer(1:12):FCOunt[:STATe]
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» :CALCulateeEVM:MARKer(1:12):FCOunt:X?/qonly/

» :CALCulateEVM:MARKer(1:12):FUNCtion

» :CALCulateEVM:MARKer(1:12):FUNCtion:BAND:CENTer

» :CALCulateEVM:MARKer(1:12):FUNCtion:BAND:LEFT

* :CALCulateEVM:MARKer(1:12):FUNCtion:BAND:RIGHt

+ :CALCulateEVM:MARKer(1:12):FUNCtion:BAND:SPAN

» :CALCulateEVM:MARKer(1:12):FUNCtion:BDENSity:CTY Pe
* :CALCulateEVM:MARKer(1:12):FUNCtion:BPOWer:CTY Pe
e CALCulateEVM:MARKer(1:12):MAXimum/nquery/

* CALCulateEVM:MARKer(1:12):MAXimum:LEFT/nquery/

» :CALCulateEVM:MARKer(1:12):MAXimum:NEXT/nquery/
» :CALCulateEVM:MARKer(1:12):MAXimum:PREVious/nquery/
» :CALCulateEVM:MARKer(1:12):MAXimum:RIGHt/nquery/
e :CALCulateEVM:MARKer(1:12):MINimum/nquery/

+ :CALCulateEVM:MARKer(1:12):MODE

* CALCulateEVM:MARKer(1:12):POSition

e :CALCulateEVM:MARKer(1:12):REFerence

» :CALCulateEVM:MARKer(1:12):TABL€[:STATe]

» :CALCulateEVM:MARKer(1:12):TRACe

e :CALCulateEVM:MARKer(1:12):X

e :CALCulateeEVM:MARKer(1:12):X:POSition

+ CALCulateeEVM:MARKer(1:12):X:UNIT?/qonly/

e :CALCulateEVM:MARKer(1:12):Y:IMAGinary

+ :CALCulateEVM:MARKer(1:12):Y[:REAL]

* CALCulateEVM:MARKaer(1:12):Y:UNIT?/qonly/

e :CALCulateEVM:MARKer(1:12):Z

e :CALCulateEVM:MARKer(1:12):Z:UNIT?/gonly/

These TRACe related commandsare not available in CEVM.

e :CALCulate EVM:TRACe(1:4):ACPower:CARRIier:BANDwidth|BWIDth:INTegr
ation

» :CALCulateEVM:TRACe(1:4):ACPower:CARRIer:FILTer:RRC:ALPHa
» :CALCulate EVM:TRACe(1:4):ACPower:CARRIer:FILTer:RRC:STATe
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:CALCulate:EVM:TRACe(1:4):ACPower:CARRier:FREQuency
:CALCulateEVM:TRACe(1:4):ACPower:OFFSet:FILTer:RRC:STATe

:CALCulate EVM:TRACe(1:4):ACPower:OFFSet:LIST:BANDwidth|BWIDth:IN
Tegration

:CALCulateEVM:TRACe(1:4):ACPower:OFFSet:LIST:FILTer:RRC:ALPHa
:CALCulate EVM:TRACe(1:4):ACPower:OFFSet: LI ST:FREQuency
:CALCulate:EVM:TRACe(1:4):ACPower:OFFSet:LIST:RCARrier
:CALCulateEVM:TRACe(1:4):ACPower:OFFSet:LIST:RCARrier: TEST
:CALCulate EVM:TRACe(1:4):ACPower:OFFSet:LIST:STATe
:CALCulatee EVM:TRACe(1:4):ACPower:STATe
:CALCulate:EVM:TRACe(1:4):0BWidth: CENTroid?/qonly/
:CALCulate EVM:TRACe(1:4):0BWidth:LIMit:FBLimit
:CALCulate:EVM:TRACe(1:4):OBWidth:LIMit[: TEST]
:CALCulate:EVM:TRACe(1:4):OBWidth:PERCent
:CALCulateeEVM:TRACe(1:4):0BWidth:STATe

SCPI Commandsonly availablein CEVM
The following SCPI commands are available only in CEVM, not in EVM.

[:SENSe]:CEVM:IFBW

For IF BW setting, EVM uses the command “[:SENSe]:FREQuency:SPAN”. On
the other hand, CEVM uses “[:SENSe]:CEVM:IFBW”. Since IF BW is
automatically set whenever the Demod Bandwidth is changed, the user doesn’t
have to change it.

[:SENSe]:CEVM:METHod
[:SENSe]:CEVM:EVM:COPY[:IMMediate]
[:SENSe]:CEVM:CCAR:SEL ected
[:SENSe]:CEVM:CCAR:COPY
[:SENSe]:CEVM:DLINk:RESult
[:SENSe]:CEVM:ULINk:RESuIt
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Other Sources of M easurement I nfor mation

Additional measurement application information is available through your local
Keysight Technol ogies sales and service office. The following application notes trest
digital communications measurements in much greater detail than discussed in this
section.

» Application Note

3GPP Long Term Evolution: System Overview, Product Development, and Test
Challenges
Keysight part number 5989-8931EN

e Technical Overview

Keysight Technologies Solutions for 3GPP LTE
Keysight part number 5989-6133EN

* Application Note 1298

Digital Modulation in Communications Systems - An Introduction
Keysight part number 5965-7160E

* Application Note

Characterizing Digitally Modulated Signals with CCDF Curves
Keysight part number 5968-5858E

» Application Note

HSDPA RF Measurements for User Equipment
Keysight part number 5989-4099EN

» For more information about the 3GPP and LTE specifications visit 3GPP home
page http://www.3gpp.org/

o 3GPP Series 36 (LTE) specifications
http://www.3gpp.org/ftp/Specs/archive/36_series

» For more information about Keysight design and test products for LTE visit
http://www.keysight.com/find/Ite

I nstrument Updates at www.keysight.com

These web locations can be used to access the latest information about the
instrument, including the latest firmware version.

http://www.keysight.com/find/pxa
http://www.keysight.com/find/mxa
http://www.keysight.com/find/exa
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List of Acronyms
3G 3rd Generation
3GPP 3rd Generation Partnership Project
ACLR Adjacent channel |eakage ratio
ACPR Adjacent channel power ratio
ACS Adjacent channel selectivity
ADS Advanced Design System
AMC Adaptive modulation and coding
A-MPR Additional maximum power reduction
ARQ Automatic repeat request
BCCH Broadcast control channel
BTS Base transceiver station
CDD Cyclic delay diversity
CCDF Complementary cumulative distribution function
CDMA Code division multiple access
CFI Control format indicator
Co-MIMO Cooperative MIMO
CP Cyclic prefi x
CPICH Common pilot channel
CPRI Common public radio interface
CQI Channel quality indicator
CRC Cyclic redundancy check
DCI Downlink control indicator
DFT Discrete Fourier transform
DFT-SOFDM Discrete Fourier transform spread OFDM
DL Downlink (base station to subscriber transmission)
DL-SCH Downlink shared channel
D-PHY 500 Mbps physical layer
DSP Digital signal processing
DT Development tool set
DV SA Digital vector signa analysis

EDA Electronic design automation
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E-DCH Enhanced dedicated channel

E-UTRAN Evolved UMTS terrestrial radio access network
eMBMS Evolved multimedia broadcast multicast service
eNB Evolved Node B

EPC Evolved packet core

EPRE Energy per resource element

ETSI European Telecommunications Standards I nstitute
E-UTRA Evolved UTRA

E-UTRAN Evolved UTRAN

EVM Error vector magnitude

FDD Freguency division duplex

FFT Fast Fourier transform

FRC Fixed reference channel

FS1 Frame structure type 1

FS2 Frame structure type 2

GSM Global system for mobile communication

HARQ Hybrid automatic repeat request

HDL Hardware description language

HI HARQ indicator

HSDPA High speed downlink packet access

HSPA High speed packet access

HSUPA High speed uplink packet access

IFFT Inverse FFT

IOT Interoperability test

IP Internet protocol

LO Local oscillator

LTE Long term evolution

MAC Medium access control

MBMS Multimedia broadcast multicast service

MBSFN Multicast/broadcast over single-frequency network
MCH Multicast channel

MIMO Multiple input multiple output

224



Concepts
List of Acronyms

MISO Multiple input single output

MME Mobility management entity

MOP Maximum output power

MPR Maximum power reduction

MU-MIMO Multiple user MIMO

NAS Non-access stratum

OBSAI Open base station architecture interface
OFDM Orthogonal frequency division multiplexing
OFDMA Orthogonal frequency division multiple access
PAPR Peak-to-average power ratio

PAR Peak-to-average ratio

PBCH Physical broadcast channel

P-CCPCH Primary common control physical channel
PCFICH Physical control format indicator channel
PCH Paging channel

PDCCH Physical downlink control channel
PDCP Packet data convergence protocol

PDSCH Physical downlink shared channel

PHICH Physical hybrid ARQ indicator channel
PHY Physical layer

PRACH Physical random access channel

PMCH Physical multicast channel

PMI Pre-coding matrix indicator

P-SCH Primary synchronization signal

PUCCH Physical uplink control channel

PUSCH Physical uplink shared channel

QAM Quadrature amplitude modulation

QPSK Quadrature phase shift keying

RACH Random access channel

RAT Radio access technology

RB Resource block

RF Radio frequency
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RFDE RF design environment

RLC Radio link control

RMC Reference measurement channel
RNC Radio network controller

RRC Radio resource control

RRM Radio resource management

RS Reference signal

RSCP Received signal code power
RSRP Reference signal received power
RSRQ Reference signal received quality
RSSI Received signal strength indicator
SAE System architecture evolution
SAP Service access point

SC-FDMA Single carrier frequency division multiple access
SFBC Space-frequency block coding
S-GW Serving gateway

SIMO Single input multiple output
SISO Single input single output

SNR Signal-to-noiseratio

SRS Sounding reference signal

S-SCH Secondary synchronization signal
SU-MIMO Single user MIMO

TDD Time division duplex

TDMA Time division multiple access
TR Technical report

TrCH Transport channel

TS Technical specifi cation

TTA Telecommunications Technology Association
TTI Transmission time interval

UCI Uplink control indicator

UE User equipment

UL Uplink (subscriber to base station transmission)
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UL-SCH Uplink shared channel

UMB Ultra-mobile broadband

UMTS Universal mobile telecommunications system
UTRA Universal terrestrial radio access

UTRAN Universal terrestrial radio access network

V SA Vector signal analyzer

W-CDMA Wideband code division multiple access
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