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Introduction

This application note is intended for engineers that are familiar with tke IEEE 802.16-2004

(WIMAX) physical layer standard and wish to improve their measurement werstanding

and capabilities using a vector signal analyzer. This note will providenformation on how to

improve WiMAX signal analysis and includes measurement tips when desigg and trou-

bleshooting a new or an existing product. In order for the RF engineer to succesdlly test

and troubleshoot a WiMAX device, a well-organized approach to the signleanalysis will

yield the greatest level of understanding and reliability in the measuement. This applica-

WLRQ QRWH IURP .H\VLJKW 7HFKQRORJLHV ,QF KDWWHKIHRYUSMW SDUW LQ D WKUHH QR
the framework for the preferred measurement approach that includes #quency and time

measurements, digital demodulation and analysis of the advanced furtonality within the

:L0$; SK\VLFDO OD\HU GHoQLWLRQ ,I \RX DWHIOPEDUOG UE X WVERWK H

QHFHVVDULO\ IDPLOLDU ZLWK :L0$; PHDVXUKPHRSHED LFODWRRQoQG UHDGLQJ DOO W
notes in this series very useful for expanding your knowledge of testing ahtroubleshooting

this complex signal. For the engineer that is relatively new to the 802.162004 standard, a

brief review of the standard will be provided, which includes many technial references for

those wishing to gain additional background into the IEEE standard and GbM structure of

the WIMAX physical layer.
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Reviewing the WIMAX physical layer

The IEEE 802.16-2004 standartd RIWHQ UHIHUUHG WR DV :L0$%$; GHoQHV WKH SK\VLFDO OD\HU
(PHY) and medium access control (MAC) protocol for products that extend badband

wireless access (BWA) from the local area network (LAN) to the metropolitearea

QHWZRUN 0%$1 7KH VWDQGDUG FRQWDLQVOLFHRLWHOWLRQV IRU OLFHQVHG DQG XQ
operating between 2 and 11 GHz. Initially, licensed operation will covertte frequency

ranges from 2.5 to 2.69 GHz and 3.4 to 3.6 GHz and unlicensed operation will use

5.725 to 5.850 GHz. In order to address the international wireless market ahregional

spectrum regulations, the WiMAX standard includes varying channel badwidths. The

channel bandwidths are selectable from 1.25 to 20 MHz.

7KH QHHG IRU LQH[SHQVLYH DQG pH[LEOH FRRPRHIWAKLDWVO GHSOR\PHQW RI WKLV WHFKQ
driven the requirement for multiple user access under non-line- of-sidit (NLOS) oper-

DWLRQ DQG RYHU GLVWDQFHV XS WR NP 7KHIHUHQWBHFLOFDWLRQV GHoQH WKUHH G
PHYs optimized for different wireless operation and conditions. Thesinclude a single-

carrier modulation, a 256-carrier orthogonal frequency division muiiplexing (OFDM)

format and a 2048-carrier OFDM format. The current industry focug and the heart of

this application note, is on the 256-carrier OFDM format.

OFDM subcarriers

7KH :L0$; VSHFLoFDWLRQV IRU WKH FDUULHU R)'0O 3+< GHOQH WKUHH W\SHV RI VX
carriers; data, pilot, and null. Two hundred carriers are used for data andifot subcar-

riers. Eight pilot subcarriers are permanently spaced throughout the GDM spectrum.

Data subcarriers take up the remaining 192 active carriers. The remaimg 56 potential

carriers are nulled and set aside for guard bands and removal of the center fopiency

subcarriers.

Modulation types

7TKH ,((( VWDQGDUG GHoQHV D VHW RI QGUPWIHYH PRGXODWLRQ DQG FRGL
FRQo0JXUDWLRQV WKDW FDQ EH XVHG WR WUDGHcRU GDWD UDWH IRU VA\VWHP UREXV W
various wireless propagation and interference conditions. When theadio link quality is

good, the WIMAX system can use a higher-order modulation scheme (more bitsymbol)

that will result in more system capacity. When link conditions are poor due to psblems

such as signal fading or interference, the WiMAX system can change to a lowerodula-

tion scheme to maintain an acceptable radio link margin. The allowed moduléon types

are binary phase shift keying (BPSK), quadrature phase shift keying (QR} 16 quadra-

ture amplitude modulation (16QAM) and 64QAM.

Duplexing techniques

7TKH ,((( VWDQGDUG DOORZV IRU D RHPLEW H IEWK VW) WUDQVPLVVLRQ |
DGDSWLYH IUDPH VWUXFWXUH ZLWKLQ o[HGGHGMREHN BXKDOQWLRQV 'XSOH[LQJ LV SURY
of either time division duplex (TDD), frequency division duplex (FDD) oaH-duplex FDD

(H-FDDJ. In licensed bands, the duplexing method shall be either TDD or FDD. FDD

subscriber stations (SS) may use a H-FDD format. Unlicensed operatios limited to

using the TDD format.

Frame structure

A WIMAX frame consists of a downlink (DL) subframe (subframes are generaRF

bursts) and an uplink (UL) subframe. The TDD frame consists of one DL subframe

followed by one or multiple UL subframes. There are currently seven suppted frame

GXUDWLRQV LQ WKH ,((( VWDQGDUG UDBOIHQJ IURP WR PV 7KH pHJ[L
frame structure of the TDD signal consists of an adaptive boundary betweethe DL

and UL subframes. A short transition gap is placed between the DL and UL subfirzes

and is called the transmit/ receive transition gap (TTG). After the compléon of the
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UL subframes, another short gap is added between this subframe and the nextlD

subframe. This gap is called the receiver/transmit transition gap (R®). The time dura-

tions of the transition gaps are called out in the 802.16 standard and are a furtbon of

the channel bandwidth and the OFDM symbol timé. A typical WiMAX frame is shown in

JLIXUH 7KLV 0JXUH VKRZV WKH WLPH GRPDLQ UHWBWRQVH RI WKH '/ DQG 8/ VXEIUDPH?
shows the TTG and RTG spacing between the subframes.

Long and short preambles

The downlink subframe begins with two OFDM symbols used for synchronizati and

channel estimation at the SS. These two symbols together represent the peamble of

the DL subframe and are referred to as the long preamble. The long preamble is folved

by the frame control header (FCH), which contains decode information fathe SS. User

data follows the FCH and contains one or more symbols of payload data. The uplinkis-

frame begins with one OFDM symbol that is used at the base station (BS) for synchric

zation to the individual SS. This single symbol is referred to as the short preani. The

WLPH GXUDWLRQ RI WKH ORQJ DQG VKRUW SUHDMORN LV GHWHUPLQHG E\ WKH VSHFL
the OFDM symbot.

OFDM symbol

The OFDM waveform in the frequency domain is created by the inverse Fourieatrsform

of the OFDM symbol in time. The OFDM symbol of duration, Ts, includes the symbol time

Tb (Tb =1 + carrier spacing), and the guard interval, Tg. The guard interval or cljc

SUHo[ LV D FRS\ RI WKH HQG RI WKH V\PERO DSSHQOGH& WR WKH EHJLQQLQJ 7KH JXDU
used to collect multipath and improve system performancé.
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Figure 1. Time domain response of a WiMAX frame including downlink subfnae, uplink
subframe, transmit/receive transition gap and receive/transmit transiton gap.

Adopting the best measurement approach

It is often more useful to have a clear understanding of the signal and a reliablanal-

ysis approach than to know all the technical details of the standard. A well-oganized

measurement approach to WiMAX signal analysis will reduce setup and maarement

HUURUV 0QG SUREOHPVY DW WKH HDUOLHVW WYWWHDNHVW @DWWKK DQDO\WLY DQG SURYLGH
to complete troubleshooting of the WiMAX component or system. Measuremet of the

WIMAX signal is best accomplished with a vector signal analyzer (VSA) cabke of

measuring the RF and modulation quality of the digitally modulated signal. iese

'63 EDVHG VLIJQDO DQDO\]HUV SURYLGH ). GEEPVYEG FSHEWUXP DQDO\VLV Z

vector demodulation, and scope measurements on RF signals. The number of famtial
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PHDVXUHPHQW W\SHVY DQG DQDO\VLV FRQ®$ XYVDM MRIHWVBYDLODEOH ZLWKLQ WKH 9
ODUJH 3URSHUO\ VHOHFWLQJ PHDVXUHPBQWLERQO®IRQYDWIL\RQN VSHFLOoF WR :L

will improve the process to successful and reliable testing. The measument approach

detailed in this series of application notes begins with basic spectrum ad vector analysis

using frequency and time domain measurements. These basic measuremienwill verify

many WiIMAX signal parameters such as center frequency, channel bandwikdt carrier

spacing, amplitude levels, transient behavior, frame and subframe tgths, and TTG and

RTG durations. A great deal can be learned about digitally modulated signalbefore

digital demodulation analysis is employed and this application note wildetail the steps

to successful spectrum and vector measurements using the vector sigianalyzer.

Measuring the Frequency Spectrum

The VSA can perform spectrum analysis using either a scalar measuremeratiso called
stepped FFT measurements, or a vector measurement. Scalar measuremis provide
amplitude-only information over the full frequency range of the instrunent. Vector mea-
surements provide both phase and amplitude information over the procesing bandwidth
of the instrument. For example, the Keysight 89641A (part of the 89600 SerieVSAs) can
perform scalar analysis from DC to 6 GHz (and up to 50 GHz using a PSA Series spec-
trum analyzer in place of the 89641A VXI hardware) and vector analysis over & 3/1Hz
frequency span. Knowing that the selectable bandwidths of the WiIMAX 256arrier
OFDM PHY is within the 36 MHz span for the vector measurement mode, this appéition
note will focus the discussion to vector analysis of the digitally modulatd signal.

Acquiring the signal

A vector signal analyzer such as the 89600 Series VSAs typically has two waysro-
cess an RF signal for analysis and display. Measurements can be made on “lhs&gnals
or time captured waveforms. All VSA measurements including vector @quency and
time) and digital demodulation can be made on both signal acquisition types

Measurements from “live” signals can be made directly on the hardware usg signals
delivered from a WiMAX radio system or component. In this case, the VSA processthe
measurement from blocks of digitized time data. The length of the time blok is related
to the instruments settings such as span and resolution bandwidth (RBW)T'he instru-
ment settings also determine if the displayed spectrum is processed fim contiguous
EORFNV RI WLPH GDWD 5HDO WLPH EDQGZLGWRUBDFWHUWN]B® VSHFLOFDWLRQ XVHG WR
the performance of analyzers such as VSAs. RTBW is the maximum frequency spaat
can be continuously processed without missing any event on the input sigriaThe actual
real-time bandwidth achieved varies with the amount of processing tine required by the
analyzer to calculate the FFT and to perform any other selected operatiansuch as aver-
aging the results, updating the marker calculations, and displaying tle data.

Time capture is a second approach to signal acquisition that involves reading a large

block of continuous time data into the instruments capture memory. The V& application

lets you record time data from your measurement hardware directly to memoy and to

your PC's disk drive if desired. You can then play the data back or import it into an-

other application. This technique allows “real-time” analysis of the WMAX signal at the

IXOO VSHFLOHG EDQGZLGWK ZLWKRXW DQDODGNW.ROLYKXHR Y WIH HHFRUG $GGLWLRQ
capturing and playback will be covered later in this application note.

2QFH WKH W\SH RI VLJQDO DFTXLVLWLRQ LV GHFKBHG WKH 96% FDQ EH FRQo0JXUHG WI
the basic parameters of the WiMAX signal. The high resolution digitizedrme domain

measurement is the most basic type of signal analysis and will provide the tmdation

for all subsequent measurements including vector and demodulation anlgsis and signal

YHULOFDWLRQ



07 | Keysight | WIMAX Signal Analysis, Part 1: Making Frequency and Time Measurements — Application Note

Measuring the wideband spectrum

Analysis of a WIMAX signal typically starts with a wideband spectrum measement. This
measurement is used to verify the center frequency, nominal signal bandidth, ampli-
tude level, and sidelobe level of the WiMAX signal. It is also an opportunityotverify the
level of any spurs and other interference signals present in the frequencyamd that may
cause errors during digital demodulation. Verifying the spectral congnt is typically made
using a maximum-hold detection scheme.

JRU SHDN DPSOLWXGH DQG VSXULRXV PHDVXUHPHR@WY RI WKH :L0$; VLIQDO WKH 969% |
ured with a large frequency span (perhaps using the scalar measurement m&j and

max-hold averaging. Continuous peak-hold averaging is a measuremenuhction used by

the VSA to measure and display the largest magnitude (determined over many easure-

ments) for each frequency point in the span. Continuous peak-hold averagg is not really

a type of averaging, because the results are not mathematically averaged.B it is still

considered a type of averaging because it combines the results of several mearements

LQWR RQH oQDO PHDVXUHPHQW UHVXOW OHDQWHWHMHGWRI ORZ OHYHO VSXULRXYV DQCGC
signals should be performed using a Gaussian window, which provides thadhest dy-

namic range in the measurement. The Gaussian window offers the lowest gtbbe level

of any VSA window at slightly reduced amplitude accuracy. Combining peak hdlaver-

DJLQJ DQG *DXVVLDQ ZLQGRZLQJ LV LGHDO WBHHRMXWHIGWKDW QR VLIJQLoOoFDQW VLJQDC
either in the band or out.

Lastly, the VSAs input range must also be correctly set in order to obtain accate mea-

surements. If the input range testing is too low (more sensitive than necessy), the VSAs

analog-to-digital converter (ADC) circuitry is overloaded and intoduces distortion into

the measurement. If the range is set too high (less sensitive than necessg), there

may be a loss of dynamic range due to additional noise. If the wideband spectrunof the

:L0$; WHVW VLIQDO DSSHDUV DFFHSWDEOHUWGHRQ WWKHX@PHQW FDQ EH UH FRQo0JX
analysis step, which is a narrowband spectrum measurement.

Measuring the narrowband spectrum

For narrowband spectrum analysis of the WiMAX signal, the instrumerg’frequency span

should be approximately set to 1.1 times the nominal bandwidth of the signk Alternately

WKH VSDQ FDQ EH FRQo0JXUHG WR PDWFK WKH ED@GVZHIGWK RI D W\SLFDO :L0S$; IURQW
Using a frequency span close to a typical receiver’'s RF bandwidth allows theSA mea-

surements to be performed with similar input noise and interference levis as would be

seen in practice. Narrowband measurements also provide improved fregncy resolution

and greater accuracy in setting the center frequency of the instrument or grifying the

center frequency of the signal under test. The improved frequency resolidn results from

the inverse relationship between span and RBW

$FFXUDWH DPSOLWXGH PHDVXUHPHQWY RI WKHP: YCH34 LWIEDQDO DUH UHTXLUHG IRU V\VW
tion, troubleshooting, and compliance with local regulations. Ampliude measurements

as a function of frequency for these noise-like signals should be perfored using RMS

(video) averaging and RMS detection. The detection mechanisms in the VSAeaalways

RMS. The VSA calculates the frequency spectrum using a Fast Fourier Trdasm (FFT)

that directly results in the true RMS power of the signal whether it is a single toe, noise,

or any complex signal. RMS averaging produces a statistical approximatioof the true

power level over the measured time record(s), which includes on/off tiras and the tran-

sient effects of the bursted WiMAX signal.

Time-variant signals such as WiMAX often require spectral analysis ova smaller
portion of the entire waveform, for example, during a subframe. In this case, thmea-
surement needs to be stabilized using the trigger control in the VSA. Trigering the VSA
can easily be accomplished in vector mode and the details will be provided in #ganext
section of this application note.



08 | Keysight | WIMAX Signal Analysis, Part 1: Making Frequency and Time Measurements — Application Note

The importance of triggering for a time-variant waveform can be seen in Fige 2, which
shows the difference between the spectrum of a WiMAX signal when the instraent is
not triggered (upper display) and when it is triggered (lower display). fie sidelobe levels
for the untriggered response rapidly change from individual measuremnt to mea-
surement as the spectrum measurement is made on different parts of the timeariant
waveform. In comparison, the triggered response maintains the spectiashape as the
instrument is triggered at the beginning of each OFDM frame. Both measureents were
made with the averaging disabled. Both measurements are accurate, but #nchange in
trigger conditions changes the portion of the signal that is measured.
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Figure 2. Frequency domain response of a WiMAX signal without using an instment trigger
(upper trace) and using a trigger set to the beginning of the downlink frame @wer trace).
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Linking Time and Frequency Using Vector Analysis

Traditional spectrum analysis alone does not provide enough infornmtan when analyzing

the complex, time-variant nature of the WiMAX signal. Because these sigais contain

ERWK PDIJQLWXGH DQG SKDVH LQIRUPDWLRQ RIHWKBFDDWIHRQ UWPQ G WURXEOHVKRRW
require vector signal analysis. In addition, the OFDM waveform is diregtlrelated to the

time domain response through the inverse-FFT process. For this case, mearements

made in both the frequency and time domains are necessary to cover the broad rge of

required measurements.

Vector analysis on the VSA begins with the process of digitizing the input RFgmnal and
performing quadrature detection of the complex signal in the DSP. The in-pase (I) and
quadrature phase (Q) time domain samples can be processed into a variety of foats and
displayed as a time domain waveform. This time-record of digitized dataan be further
processed using an FFT to display the associated frequency response. A ganecord
consists of all the time-domain samples that go into the FFT. The outputs fromhte FFT
are the frequency-domain samples referred to as measurement points. ForRvector
measurements, the output of the FFT yields as many measurement points asdhe are
time-domain 1/Q sample pairs. The time-record and its FFT are the building locks for all
subsequent measurements.

The power of vector analysis is most evident when frequency and time domain rasure-
ments are linked, a natural process for the Keysight vector signal analyze. Many fea-
tures can be combined in these measurements such as linked frequency and timegfilays
and measurements, triggering (both live signals and recordings), véable block size and
time resolution, band power markers, and time-gated spectrum measugments.

Finding frames and triggering measurements

Composite signals such as the WiMAX OFDM waveform can be challenging to mea-
sure accurately in both time and frequency. Due to time-varying charactestics such
as unequal bursts, unequal off-times, and changes in the statistics of amjude varia-
tions due to different types of modulation, time-domain triggering and/or time-capture
are often used in order to achieve a stable measurement for analysis. Time ptauring a
signal to memory does not require any instrument trigger and allows you to prgressively
step through the measurement in time until an appropriate record is found ér analysis.
Time-domain triggering is a powerful, easy to use feature on the Keysight®00 Series
VSAs. It operates much like that of an oscilloscope, which provides pos$ite or negative
trigger delay and trigger hold-off. These trigger functions can be used a both live and
recorded signals.

7KH pH[LELOLW\ RI WLPH GRPDLQ WULJJHWDWDIEQDBEWRMVGHVTROWHWKH QHFHVVDU\ FDS
IRU YHULOFDWLRQ DQG WURXEOHVKRRWKQIVG:LLDS$W D,@QOF PR BDOD@WHG VLIQDOV VX
specialized applications, such as spectrum monitoring and survddnce, it may be neces-

VDU\ WR WULJJHU D PHDVXUHPHQW EDVHG RQ DHIVERRH&OQF\ GRPDLQ UHVSRQVH )RU W
measurements, you can use the Keysight E3238S/35688E Signals Intengeand Collec-

tion System .

:KHQ oUVW H[DPLQLQJ WKH SXOVHG FKDUDFWWWIQV HFM\WVDWKH :L0$; VLIQDO LW LV R
to adjust the time record length in order to see the entire frame or several framg within

the waveform display. A very large number of data points are often necessary obtain a

VXIoFLHQW WLPH UHFRUG OHQJWK ZKLOH W DAIQWEXbG\VDK DGHTXDWH PHDVXUHPHQ
number of time points is likely to be much larger than would be needed for an adequa

spectrum display. The time tab on the VSA contains an auto time resolution &gure that

causes the VSA to automatically reduce or increase the frequency span if the ke of

main length exceeds that allowed by the current span. The auto time resoludin defaults

to “off” and should not be used in these measurements because it will likely muce fre-

guency span below the bandwidth required by the WiMAX signal under test. Theris no
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automatic feature to change the number of points in vector analysis (thoub it exists in
digital demodulation) and so the appropriate number must be selected manally. For Wi-
MAX, the typical number of points should be between 12,801 points and 51,201gints,
though it can be set much higher if desired, to measure multiple frames.

A time-domain display using a large number of points and showing 1 to 2 frames cané
used to measure the subframe lengths and transition gaps. These measurents can
also be used to verify the measured OFDM frame duration against the IEEE 802-2604
standard. As a measurement example, Figure 3 shows the frequency and time d@im re-
sponse of the WiIMAX signal using 51,201 measurement points with a time recd length
of 6 ms. The upper trace shows the frequency response of the WiMAX signal calated
from the complete time-record shown on the lower time domain trace. The lowetrace
shows one complete OFDM frame consisting of one DL and two UL subframes. The st
marker function is used to measure the gap time at the beginning of the DL subfraen
This gap represents the RTG, and is measured to be around 200 ps for this waverior It
also shows that the gap for the TTG is approximately half the duration of the RTG sitg
the offset marker function centered on the TTG, this gap is measured to be 100 p3hese
two gap times will later be used to properly set the trigger hold-off in order to gabilize
WKH 96%$ PHDVXUHPHQWY ,Q DGGLWLRQ WULIJYBHONQILWKH®@6$% DW VSHFLoF WLPH LQW
the WiMAX waveform will require setting the trigger type and magnitude leve Once the
VSA is properly triggered, analysis of different parts within the waveirm can then be
made using the trigger delay function of the instrument. On the next page is a sumary
of the various trigger functions for the VSA. Additional information ontie trigger settings
and software interface can be found in the Keysight 89600 demonstrationgde and
application note for WiMAX signal analysis.
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Figure 3. Measurement of RTG time using marker functions. Upper trace sk the frequency
response of the displayed time domain record (the lower trace).

Selecting the trigger type

The IF Mag and Magnitude type triggers are unique because they are both level and

IUHTXHQF\ TXDOLOHG WULJJHUVY EDVHG RQ WKR@BGWWDOIJVYHUQDO 7KHVH WULJJHU W\S
ZKHQ WKH VLJQDO LV ERWK ODUJH HQRXJK DQGKALWHKIIDY WKH VSHFLOoHG IUHTXHQF\ VS
and Magnitude trigger are typically used with amplitude modulated (AM) or bust signals

such as the WiMAX formatted signal. For live measurements the trigger shid be set to

IF Mag. For recorded signals, the playback trigger should be set to Magnitude
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Finding the trigger level

The trigger level is typically set (in linear voltage units) to a percentage oftte total signal
range. One way to determine this level, prior to triggering, is to examine th time domain
waveform in a LinMag format. A level setting that is 10 to 50 percent of the approxiwite
voltage maximum is a good start for bursted signals. This assumes that the valge is
close to zero during the “off” times in the waveform. Note that once the trigger ével is
determined, changing the format back to LogMag for subsequent time domain masure-
ments provides the most useful display for the RF engineer wishing to exame the RF
envelope of this bursted signal.

Optimizing the trigger hold-off

7ULJJHU KROG RIl DOORZV WKH DQDO\]HU WR G ISHUHR®/ RLIJIJHU VLIJQDOV IRU D VSHF
time. The measurement will not occur until after the hold-off time has pased and a valid

trigger is found. Trigger hold-off is used with IFMag and Magnitude trigger ypes for live

and recorded signals respectively. The hold-off function is particlarly useful for pulsed

or bursted signals that also have amplitude variations due to modulation, sice these

variations would cause undesired triggers without the use of hold-off

Using the example from Figure 3, the VSA can be triggered on this WiMAX signal ugj

a hold-off that is shorter than the measured RTG and longer than the TTG duratio

For this waveform, the RTG was measured as 200 ps and the TTG was 100 ps. Using a
hold-off between these two values, such as 150 ps, would trigger the VSA at thetart

of the DL subframe just following the RTG. In this case, the VSA would provide a dtie
measurement display in both the time and frequency domains. Inapproprizly setting

the hold-off on the measurement from Figure 3 to less than 100 ps would result intie
instrument alternating the trigger between the start of the DL and the two UL sibframes.
This shortened hold-off is not adequate to properly stabilize the VSA and wdd result in
PHDVXUHPHQW GLIOFXOWLHYVY +ROG RII WLPHWH QRQJIHNUMKD Q $V IRU WKH H[DPS
would result in the instrument not being triggered at all.

Introducing a trigger delay

7ULJJHU GHOD\ DOORZV GHWDLOHG PHDVXDBOPHQWWVLRINGSHKHKHO®OBP\SDUWYV RI WKH VLJQ
LV ]JHUR WKH 96$ WDNHV GDWD LPPHGLDWHQ@\VDHEBHRNQWKWKWQLIJIJHU FRQGLWLRQV DUH
processes the results. If trigger delay is positive, called post-triger delay, the VSA waits

the delay amount before data is acquired. The post-trigger delay allows th VSA to begin

the measurement at any time into the waveform, for example, at the beginning ofite

oUVW XSOLQN IUDPH $ WULJJHU GHOD\ WKIDN IDDOQRZMWIHH FDOOHG SUH WULJJHU Gt
surement of the rising edge of the RF burst including any transient effect tat may occur

prior to the trigger.

Stabilizing the displayed measurement using the trigger functions Bows you to ver-

ify and troubleshoot the WiMAX signal using time and frequency domain angkis. For

example, by measuring signal level changes such as amplitude droop in the tiendomain

RU pDWQHVY DQG ULSSOH HIITHFWV LQ WKH IUHDXKQ@REGRPDLQ \RX PD\ XQFRYHU WKH!
OHPV LQ WKH DPSOLOHUV SRZHU VWDJHV RU LPASWRSHOWDQDORJ RU GLJLWDO o0OWHULC
Unexpected frequency tilt and poor center frequency accuracy may be the rest of poor

component or synthesizer performance. Turn on and turn-off transierd may create de-

modulation errors in the WiMAX receiver. These may seem like relatively b measure-

PHQWY EXW D VLJQLoFDQW QXPEHU RI VIVWHP SLIREWOHPV FDQ EH WUDFHG WR WKHVH
Such problems may come from analog or digital circuits, or interactions btween them.

Linking time and frequency measurements with proper triggering can preide a high

OHYHO RI FRQOGHQFH LQ WKH VLIJQDO TXDONWV BHIRRH DQ\ GLILWDO GHPRGXODWLRQ
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Measuring bandwidth and band power

Vector measurements are valuable for verifying many characterists of the WiMAX sig-

nal that may not be obvious during digital demodulation measurements. Forxample, it

is important to verify that the power levels within various portions of the fame conform

WR WKH , ((( VSHFLOoFDWLRQV $OVR WWVKWH REFHBVBG\ WR FRQoUP WKD
frequency bandwidth falls within the local regulatory requirements. ldeed, in many

cases these basic measurements may reveal problems in the WiMAX signalathdigital

demodulation may fail to uncover.

Measuring the power of any modulated signal cannot be accomplished at one freggncy

or time data point. These measurements require the integration of the fregency or time

GRPDLQ GDWD RYHU D VSHFLoOoHG EDQG 7KH RFFXS$UWLHG EDQGZLGWK DQG EDQG SRZHU
functions can be used to determine the power over a percentage or subset of theotal

displayed measurement.

Measuring the occupied bandwidth

The occupied bandwidth (OBW) marker allows you to easily perform generbccupied
bandwidth measurements. The OBW measurement determines the band ofdquencies
WKDW FRQWDLQ D VSHFLoHG SHUFHQWDJH RI QMKW SMMRIWDO SRZHU ZLWKLQ WKH PHDVXL
OBW measurements are only available on frequency-domain displays. As agasure-
ment example, Figure 4 shows a measurement of a 256-carrier OFDM signal. Theper
trace is the frequency response for this WiMAX signal. Using the OBW markerration,
the calculated bandwidth (set to 99.5 percent of the total span power) is shwn to be
6.25 MHz at an integrated power level of —14.67 dBm. For this waveform, the OFDM
carrier spacing was set to 31.25 kHz. Knowing that 200 carriers are active irhts OFDM
signal, the theoretical bandwidth should be 6.25 MHz, which is consistet with the mea-
sured result. The middle trace in Figure 4 displays a summary table for the OBW lwau-
lations. This table shows that the centroid of the measured signal is 2.65 kilower than
the center frequency setting on the VSA. The centroid is a power-weighted daulation of
the center of the OBW, and is most accurate when averaging is used. A large diffemce
between these two values may reveal problems with the transmitter syntbsizer and
could result in poor digital demodulation. If necessary, the VSAs centeréquency can be
easily adjusted to the centroid by using the marker functions.

Using band power markers

The average power of the individual WiMAX signal elements such as a subframesep
amble, FCH, and data symbols can be measured with the band power marker feature
Band-power markers provide a quick way to make power computations in the fregency
and time domains. For frequency-domain data, band power is the total power \Wthin the
selected band with results similar to the automatic OBW calculation. Hee the VSA sums
the powers of the signal between the band markers and displays the result in #ncurrent
Y-axis units. For time-domain data, band power is the sum of the powers withithe time
band divided by the total number of points in the band. As a measurement examplehe
lower trace of Figure 4 shows the time domain response of the UL subframe and a por-
tion of the following DL subframe. This measurement was created using a lge positive
trigger delay in order to start the measurement at the beginning of a UL subfreme. Band
power markers are placed around the UL subframe and the total power in this subime
is calculated to be —14.5 dBm. This technique is very useful when verifying the peer
level of subframes and symbols and comparing the results to the requirementsfdahe
L((( VSHFLOFDWLRQV

It becomes apparent that a compound approach is often required to make accura
and stable measurements. For the above examples, both frequency and time dwin
measurements were required in order to optimize the measurement for edcindivid-
ual domain. It was shown that proper triggering, including trigger holdoff and delay,
were required to stabilize the measurement in order to examine the frequencand time



13 | Keysight | WiIMAX Signal Analysis, Part 1: Making Frequency and Time Measurements — Application Note

domain response. This stabilization is also useful in some cases to enabhveraging for
more accurate and consistent results. Lastly OBW and band power markersare added
to verify the bandwidth and power of the WiMAX signal under test. The next sein of
this application note continues with another powerful tool called time-gating, which
provides isolation of a portion of a time record for further viewing and anafsis in the
frequency domain.
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Figure 4. Measurements of the occupied bandwidth and band power of a WiMAXgnal.
The upper trace shows the occupied bandwidth using the complete time reca shown on
the lower trace. A summary table for the occupied bandwidth measurementsi shown on the
middle trace. The lower trace shows a power measurement for the uplink subdme using
the band power marker function.
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Gating the Time Waveform

The characteristics of the WiMAX signal have closely linked amplitude anddquency

behaviors that can vary at different times during the RF burst. For example, thactive sub-

FDUULHU IUHTXHQF\ VSDFLQJ LV GLITHUHQWEBHWARHEROVKRI WKW DQG VHFRQG SUHDP
DL subframe. Also, the amplitude statistics of the waveform changes beteen the pream-

ble and the data portions of the subframe, likely leading, for example, to dferent amounts

RI DPSOLoHU FRPSUHVVLRQ ,W LV QHFHVVDWLQ R WPEHHDW XMRH YWKHYV\H FKDUDFWHULVWL
the signal quality and uncover any problems that may exist in these wavefars.

To examine the frequency and power statistics of individual portions witih the subframe or

VI\PERO WKH 96%$ SURYLGHV D pH[LEOH DQG SUKHLWHPIKQBWLRQ FDOOHG WLPH JDWLQ.
function is used to select a subset of the main time-record to be used for frequecy-domain

GLVSOD\V DQG &&') 3') DQG &') PHDVXUHPHQW&VHQ@WHOMWUP PDLQ WLPH UHFRUG L
WKH HQWLUH WLPH UHFRUG WKH WHUP JDWRQVRPMWKHPPULE LGHQWLOHVY RQO\ WKH SR
time record that is selected by the gate markers. When time gating is active,ite analyzer

uses only the gated time-record for all frequency-domain displays. As a masurement

H[DPSOH WKH XSSHU WUDFH RI )LIXUH VKRZV VWWHOHHTXHQF\ UHVSRQVH RI WKH oUV
VI\PERO ZLWKLQ WKH '/ VXEIUDPH )RU WKLV W WOY/HFHJ WKH WWLWW JDWH ZDV SRVLWLRQH
portion of the subframe by using the vertical markers on the time domain respnse (lower

trace). This positioning can be performed graphically by drawing an am@with the computer

PRXVH RU E\ HQWHULQJ VSHFLoF QXPHULF YD OWHDFH/ KB YISIIKROMUXP GLVSOD\ XSSH

5) shows the 50 active carriers used by a WiMAX receiver for coarse signal acgition and

initial equalizer setup. These 50 sub-carriers are transmitted on everfourth OFDM carrier

frequency out of the 200 possible carriers. The center carrier is not used as termined in

WKH |, ((( VSHFLoFDWLRQ 7KH DFWM PH H DBEURJLPBHOIMHOPSOLWXGH

the same providing the mechanism for estimating the channel frequency rgponse. The

upper trace in Figure 5 also shows a measurement of the corner frequencies ungj the

offset marker function. The offset marker shows a frequency differencef&.25 MHz. This

same value was previously determined using the OBW calculation. Timgated spectrum

measurements can often uncover signal problems created by the DSP secti of a WiMAX

transmitter. Measuring the carrier spacing, amplitude levels, cergr frequency feed-

through, corner frequencies, and spectrum symmetry of the individual symhls can often

reveal many DSP-related problems.

J)LIXUH 7LPH JDWHG VSHFWUXP PHDVXUHPHQWMNR VWKIHUDBMW SUHDPEOH LQ D GRZQO
The upper display shows the 50 active carriers of this preamble.
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Optimizing frequency resolution

It is important to mention that the resolution bandwidth for spectrum measuements
cannot be independently adjusted using time-gating because the resoltion bandwidth is
determined by the length of the gate time-record, not the main time-record. Longer gate
time-records provide higher resolution in the frequency domain. Becase the symbol
length is set by system design and the carriers are close together, it may be imptant to
optimize the frequency resolution when using time gating. Optimizatn is provided by a
set of time-gate “windows” that provide tradeoffs between amplitude acuracy, dynamic
range, and frequency resolution. The highest frequency resolution ischieved using the
“uniform” window type. This window type has an equivalent noise bandwidthENBW)
equal to 1 Hertz-second (Hz-sec). The actual frequency resolution is detenined by the
resolution bandwidth (RBW) setting. The RBW is proportional to the ENBWral inversely
proportional to the time record length (T), thus (RBW = ENBW / T). This calculn can
be used for gated and non-gated measurements. Using the measurement exaple from
Figure 5, the gate-time was set to the symbol length of 40 ps. In this case, the RBW
equals 25 kHz, which is the highest frequency resolution that can be achievedsing
this record length and uniform window type. As shown in Figure 5, it is easy to sede
LQGLYLGXDO DFWLYH FDUULHUV RI WKH oUVW SIWHDPEOH EHFDXVH WKH\ DUH VSDFH
(6.25 MHz + 50). The use of the uniform window also allows for the measurement of
individual carriers in the second symbol of the downlink preamble, where twie as many
carriers (100) are transmitted and they are therefore twice as close togéer in frequency.
7TUDGLWLRQDO *DXVVLDQ DQG pDW WRS ZLQ®RR Y KDISIW 5% : oOWHUV ZRXOG QRW D

Graphing amplitude statistics

The basic, complementary cumulative density function (CCDF) measeiment is just one

of the statistical-power calculations that can be performed on a time dormain signal.

CCDF curves can be used to completely specify the power characteristics ofi¢ signals

WKDW ZLOO EH PL[HG DPSOLoHG DQG GHFRGHG&G WRHNKH :L0$; VIVWHP 8QGHUVWDQGL
power characteristics at each stage in a system allows engineers to designal specify

components that meet the stringent performance requirements and to focs cost and

HITRUW ZKHUH LW ZLOO EH WKH PRVW EHQHOFWHK®V)RUHH[DPSOH SRZHU FRQWURO DO.
implemented at the SS so that all the uplink subframes are received at equal poweelels

at the BS. This dynamic power control may create compression or expansion dfii¢ signal

at the SS due to non-linearities in the components. Measurement of the CCDF cues

under various power levels, both statically and dynamically, may rea problems in the

UDGLR GHVLJQ DQG PD\ DOORZ WKH EHVW FKRHFYHRNVKXPSOLOHU RSHUDWLQJ SRLQW WF
desired performance. The VSA graphs the CCDF using units of percent for theaxis and

power (dB) for the x-axis. Power on the x-axis is relative to the signal's averagpower, so

the x-axis value of 0 dB is actually the average power of the signal. Therefore, a mieer

readout of 2 dB/12 % means there is a 12 percent probability that the signal power Wl

be 2 dB or more above the average power.

Time gating CCDF measurements provide a technique for measuring the ampide
statistics within portions of the frame. Modulation types and average powr levels vary
for different subframes and symbols contained in the WiMAX waveform. Forxample,
Figure 6 shows the CCDF curves for different symbols within the UL subframew®
separate time-gated CCDF measurements are overlaid for comparisonh(ts overlay
display is easily performed by the VSA software). Also shown is an additiahreference
curve showing the CCDF of additive white Gaussian noise (light gray curkeThe CCDF
curve on the right that closely approximates the Gaussian curve is a measement of

the time-gated data symbol. As expected, because of the large number of indgendent
carriers, the UL data symbols should provide a near Gaussian distributioof peak to
average power. Here the average level is measured to be —14.8 dBm. The left curve feet
time-gated CCDF measurement for the preamble symbol of the UL subframe. Thurve
shows that the peak signal level does not statistically reach levels muchigher than 3 dB
above the average. It is known that the preamble for the UL is a 100-subcarrier ORD
signal that is used for synchronization and equalization at the BS. The QPSK mha-
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lated data of this preamble does not change and should not provide a large vartaon

LQ SHDN WR DYHUDJH VWDWLVWLFV DV VKRZHOLIR WKKIKEIXUH 7KH DYHUDJH VLJQDO O
preamble is measured to be —11.7 dBm, which is approximately 3 dB higher than the da

V\PERO 7KH G% KLIJIKHU SRZHU OHYHO RI WKH SUHDPEOH LV VSHFLoHG LQ WKH ,(((
standard. The CCDF measurement provides a powerful tool for determimj the types

of peak power levels that the system components may experience. Figure 6 stws that

there is a very small probability (< 1 percent) that the preamble’s peak signaklel will

exceed —-8.7 dBm (-11.7 dBm + 3 dB) but in contrast, the data symbol has approximately

a 1.7 percent chance of reaching this same power level (-<14.8 dBm + 6.1 dB). It is very

important that the engineer understand the peak-to-average levels so tlat adequate

margin can be designed into the components. These basic types of measuremts are

invaluable when verifying and troubleshooting the quality of WIMAX syems and com-

ponents.

Figure 6. Time-gated CCDF measurement of the uplink preamble (left cug) and the uplink
data symbol (right curve). Also included is the theoretical CCDF for Gaugmn noise.

Capturing Signals In Real-time

In general, vector signal analyzers are not real-time receivers but ratér they are block-

mode receivers. They capture a time record, process and display the resulefore

capturing the next block of data. Typically the processing and analysidre is longer

than the capture time so there may be a gap between the end of one time record and the

beginning of the next. Those gaps in time imply that the VSA is not a real-time procssor.

7KLY DOVR DSSOLHV WR D 96% WKDW LV FRQoJXUHB WR WULJJHU RQ DQ HYHQW VXFK L
in the amplitude at the beginning of a burst. It may take the VSA longer to process the

current record than the time it takes for the next trigger event to occur. Here agin, the

VSA is not operating in real-time.

Fortunately, many vector signal analyzers, such as the 89600 VSA, prald a way to get

real-time measurements for a limited length of time by using a time capture orecord-

ing of the input waveform. Time capturing allows the storage of complete time reords

with no time gaps produced in the record. The time capture is performed priord data

processing and once the waveform is captured, the signal is played back fomalysis. The

89600 VSA captures the time record directly from the measurement hardwa and stores

the record in memory for immediate analysis and for later transfer to the disk dve of a

SHUVRQDO FRPSXWHU &DSWXULQJ WKH WLPH DIFPHRVWIG ED® WKH DGGHG EHQHoOW WKDW
can be analyzed over many different combinations of instrument setting/including all

WKH WLPH DQG IUHTXHQF\ PHDVXUHPHQWYV GALYH X\HVQHD> WOQRWKLY DSSOLFDWLRQ QRWH
starting with a good set of vector measurements is the ability to choose a time apture
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length that is long enough for complete analysis, but not so long as to cause slowransfer
GXH WR H[FHVVLYHO\ ODUJH FDSWXUH o0OHV

Finding Patterns In a Spectrogram

A spectrogram is a unique way to examine frequency, time, and amplitude on the sae

display. The spectrogram shows the progression of the frequency speaim as a function

of time where color or gray scale represents the amplitude of the signal at both afse-

FLoF IUHTXHQF\ DQG D VSHFLoF PRPHQW LQ WLPHOFH) D VSHFWURJUDP HDFK IUHTXHQ|
occupies a single, horizontal line (one pixel high) on the display. Elapsktime is shown

on the vertical axis resulting in a display that scrolls upwards as time progsses. Time

capture is especially useful for spectrogram measurements providg real-time, gap-free

DQDO\WLV RYHU WKH OHQJWK Rl WKH FDSWXVHG WRFRQUGLQJ 6SHFWURJUDPV FDQ EH .
subtle patterns that should or should not be present in the burst. For exampleduring the

two preambles in the UL subframe, patterns should emerge resulting from thearious

sub-carriers that are either active or nulled. For the data portion of the bust, one would

H[SHFW WR 0QG UDQGRPQHVY LQ WKH VSHFWURNURPUGPVYSOD\ )LIJXUH VKRZV WKH VS
of a 256-carrier OFDM frame. The frame includes one long DL subframe (top ption of

the display) and two shorter UL subframes. The bottom of the spectrogram gws the be-

ginning of the next DL subframe. For the measurement in Figure 7, it is apparenhat the

subframes have a random pattern for most of the subframe except near the beginmg. It

is here that patterns emerge resulting from the preamble structure of thes symbols (see

insert in Figure 7 with an expanded time scale). As a troubleshooting toolf is possible to

time-gate the VSA on a certain portion of the frame and examine the frequency gxtrum

as a function of time. This technique can be used to verify that the preamble or trarison

gap characteristics maintain the expected pattern structure over te measurement time.

DL subframe

UL subframe

UL subframe

DL subframe

Figure 7. Spectrogram of a 256-carrier OFDM waveform showing one comple downlink
subframe and two uplink subframes.
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Verifying and Troubleshooting the WiMAX Signal

,W KDV EHHQ VKRZQ WKDW SHUIRUPLQJ YHFWRW PRH@ RXWHKPHHQWY FDQ SURYLGH YHULO
quality within the WiMAX signal. The well-organized approach, beginmig with vec-

WRU PHDVXUHPHQWY SURYLGHV WKH JURXOGZRWNRIRD GRSHU LQVWUXPHQW FRQO
successful signal analysis. These measurement techniques can also beagsto uncover

VLIQDO SUREOHPV WKDW PD\ FUHDWH GLIOFX?DWMHNREZRHQ GHPRGXODWLQJ WKH :L0$

Below is a summary of some of the measurements and signal impairments that can be

analyzed using basic frequency and time domain measurements. The assated VSA
IXQFWLRQ RU LQVWUXPHQW FRQO0OJXUDWLRQ LV OLVWHG WR WKH OHIW

Frequency domain analysis

Bandwidth marker offset, OBW
Center frequency OoBW

Sidelobe level marker, peak hold
Spurious marker, peak hold

$PSOLWXGH OHYHO D Q G nmik&y, Qand/power, peak hold

Time domain analysis

Frame timing marker offset, triggering
DL subframe timing marker offset, triggering
UL subframe timing marker offset, triggering
TTG timing marker offset, triggering
RTG timing marker offset, triggering
Symbol timing marker offset, triggering
Symbol power band power, triggering
Pulse droop marker offset, triggering
Turn-on and turn-off transients marker offset, triggering

Frequency and time domain analysis using time-gated measurements
All measurements listed above including:

Pilot subcarrier structure time-gated spectrum, spectrogram
Missing pilots time-gated spectrum

Carrier leakage time-gated spectrum, spectrogram
Sub-carrier spacing time-gated spectrum, marker offset
Spectrum symmetry time-gated spectrum

Subframe and symbol bandwidth time-gated spectrum, marker offset, OBW
Symbol center frequency time-gated spectrum, OBW
Symbol peak-to-average power time-gated CCDF

Real time analysis time capture 2 to 10 frames
Oscillator settling time spectrogram, marker offset
Missing transition gaps spectrogram

Faulty data modulation spectrogram with non-random data patterns
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Glossary

OFDM - orthogonal frequency division multiplexing
OFDMA - orthogonal frequency division multiple access
MAC - medium access control
TDMA - time division multiple access
TDM - time division multiplexing
TDD - time division duplex
FDD - frequency division duplex
H-FDD - half-duplex frequency division duplex
BPSK - binary phase shift keying
QPSK - gquadrature phase shift keying
QAM - quadrature amplitude modulation
IEEE - Institute of Electrical and Electronics Engineers
BS - base station
SS - subscriber station
TTG - transmit/receive transition gap
RTG - receive/transmit transition gap
BWA - broadband wireless access
MCM - multi-carrier modulation
PHY - physical layer
FEC - forward error correction
LAN - local area network
MAN - metropolitan area network
NLOS - non-line-of-sight
LOS - line-of-sight
RS - Reed-Solomon block code
&3 F\FOLF SUHo]
DL - downlink (base station to subscriber transmission)
UL - uplink (subscriber to base station transmission)
FCH - frame control header
BER - bit error rate
PMP - point-to-multipoint
RCE - relative constellation error
EVM - error vector magnitude
CPE - common pilot error
'1)3 GRZQOLQN IUDPH SUHO][
HCS - header check sequence
DIUC - downlink interval usage code
DCD - downlink channel descriptor
STC - space-time coding
AAS - adaptive antenna system
ISI - inter-symbol interference
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