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Introduction

The 89600 VSA software shown in this document has been replaced with the new
% VRIWZDUH 7R 0QG RXW KRZ \RX FDQ VHH WKDRXJK VLJQDO FRPSOH[LW\
89600B VSA software visitZZZ NH\VLJKW FRP 0QG %

This application note is a guide to effective measurement and troublesboting of IEEE
802.16e OFDMA “Mobile WIMAX ™" signals, components, and systems. The shalis-
tinctive term used to describe this new technology is OFDMA or orthogonal &quency
division multiple access, and therefore we will use the term OFDMA in this rie as a
compact reference to the signal and its associated standard.

This note provides a broad overview of measurement and troubleshootinapproaches
for OFDMA signals, and is not limited to digital demodulation or modulation gality
analysis. Indeed, we will show that some of the most productive types of analysfor
OFDMA signals are generally grouped under the heading of time domain andefquen-
cy domain or “vector” signal analysis.

Though the measurements and principles discussed here would apply to 3nrOFDMA

PHDVXUHPHQWY WKH\ DUH GHVFULEHG ZLWKWBHRLLLIFQUBIHUHQFH WR WKH
analysis (VSA) software and Option B7Y IEEE 802.16 OFDMA modulation asé.

This software can analyze signals from a wide variety of sources includjrspectrum

analyzers, modular VXI hardware, oscilloscopes, logic analyzersoffdata already in

digitized form), and design/simulation software such as ADS.

7KH ,((( H 2)'0$ VWDQGDUG LV D FRPSOH[ DQG H[WHQVLYH RQH ZLWK PDQ\
VSHFLOFV WKDQ FDQ EH FRYHUHG LQ D QRWH RI WKLV W\SH 7KLV QRWH ZLOO
SURFHVV IRU WKH PRVW HIIHFWLYH PHDVXUHRHQOWRE ZLWK H[DPSOHV Rl VRPH
OHPV \RX PD\ 0QG SDLUHG ZLWK WKH PHDVXURRHQW@®G WURXEOHVKRRWLQJ
GLVSOD\V WR KHOS \RX PRVW HIOFLHQWO\ 0QG DQG o[ WKHVH SUREOHPYV

Since the focus of this note is measurement and troubleshooting techniqug, some

RWKHU WRSLFV VXFK DV KDUGZDUH FRQoJMNXHUPHMMVR QY DQG VWHS E\ VWHS PHD'
structions, will be covered in other documents. Please consult the “Otér Resources”

summary below and the “References” section at the end of this note.
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Other resources

The focus of this application note is OFDMA, WIMAX and other Product Web site

on measurement and troubleshooting OFEDM t ;
echnical references
WHFKQLTXHV DQG H[DPSOHV )RU PRUH For the most up-to-date and complete

LQIRUPDWLRQ RQ SURG XHeelOnfn (65 %02 .06e OFDMA applicati.or) and product informgtion,
tions, and step-by-step instructions, webcast (archived — original presenta- please visit our product Web site at:
please consult the following additional ~ tion September 2005) http:/seminar2. ~ ZZZ NH\VLIKW FRP 0QG ZLPD]

resources. The locations and litera- techonline.com/s/keysight_sep1505 or
ture numbers for these documentsare JR WR ZZZ NH\VLJKW FRP 0QG ZLPD]
listed in the “References” section at the for an archived version)
end of this note.

Tech Online IEEE 802.16-2004 WiMAX
Free demo CD webcast (archived — original presen-

tation January 2005) http://lwww.
89601A VSA software with option B7Y NH\VLJKW EFRP 0QG :LO$;H6HPLQDU
802.16 “OFDMA modulation analysis”
in free trial license mode. The software  Effects of Physical Layer Impairments

LQFOXGHV H[DPSOH 2)'0$% oM bR&PSYHeRsQi@blished in RF
HIWHQVLYH KHOS WH[W ZpMih, REyDYsUHPHQW

tutorials. This is available by ordering
publication number 5980-1989E.

Related Literature

Publication Title Publication Type Publication Number

Step-by-step instructions and measurement examples

Keysight 89600 Series Vector Signal Analysis Software for #EEsuided Demonstratiof989-2383EN
802.16 OFDMA Evaluation and Troubleshooting

Vector signal analyzer product information

Keysight 89600 Series Vector Signal Analysis Software  Technical Overview 5989-1679EN
89601A/89601AN/89601N12
Keysight 89600 Series Vector Signal Analysis Software  Data Sheet 5989-1786EN
89601A/89601AN/89601N12
Hardware Measurement Platforms for the Keysight 89600 $xatasSheet 5989-1753EN

Vector Signal Analysis Software
OFDMA, WIMAX and other OFDM technical references

Keysight WIMAX Signal Analysis; Part 1: Making FrequencyAaptication Note 5989-3037EN
Time Measurements

Keysight WIMAX Signal Analysis; Part 2: Demodulating ancApidaiden Note 5989-3038EN
shooting the Subframe

Keysight WIMAX Signal Analysis; Part 3: Troubleshooting Syppibickstion Note 5989-3039EN

and Improving Demodulation
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Measurement and Troubleshooting Sequence

When measuring and troubleshoot- eters (including many associated with  acute in applications such as IEEE
ing digitally modulated systems, it is the digital modulation itself) without 2)'0$ GXH WR WKH FRPSOH]L
tempting to go directly to digital de- performing digital demodulation. This of the signal and the possibility that
modulation and the measurement tools is an advantage in some development  demodulation will fail due to relatively
provided in that operational mode of situations where demodulation is not subtle problems such as PRBS errors
analyzers such as the 89600 Series yet available or is in some way ques- RU LQFRUUHFW GHoQLWLRQ RI G
96%V :H KDYH OHDUQHG libralite. Hh &lHitibh, some import Therefore, it is important to isolate
ence that it is usually better to follow ant measurements such as spectral problems as early as possible in the
a measurement sequence instead: occupancy and CCDF are typically not measurement and troubleshooting
one that begins with basic spectrum performed in a demodulation mode. SURFHVVY DQG WR HOLPLQDWH W|
measurements and continues with number of simple signal problems be-
vector (combined frequency and time)  Itis certainly useful to make a variety  fore attempting digital demodulation.
measurements, before switching to of modulation analysis measurements  This is especially true when working
digital demodulation and modulation on a system in question, watching for on baseband DSP operations to create
analysis as shown in Table 1. things that look wrong or questionable.  signals with correct modulation, pilot
<RX FDQ 0QG PDQ\ SURE OHRYoOWXDIMWVIRQ HWF
This is the sequence we will use in However, some important defects are
this application note. The sequence not apparent in demodulation results,
of measurements is especially useful or may manifest themselves different
because it improves the chance that ly from one demodulator to another.

\RX ZLOO 0QG LPSRUW D QMWSsiwatb@sB@hRIwtRE gl cay

at the earliest stages of design. In par- waste a great deal of time on unpro-

ticular, the time and frequency domain  ductive measurement approaches or

measurements at the beginning of the GHPRGXODWLRQ UHVXOWY WKDW DUH GLIOFXOW
sequence provide for the measurement to interpret. The danger of missing

DQG YHULOFDWLRQ RI -P DfRndameh@lpoblsmslisparticularly

Table 1. A suggested measurement sequence for troubleshooting and performance verification.

Frequency, _ Basic _ Advanced and
frequency and time digital demod specific demod
Get basics right, Signal quality numbers, Find specific problems
find major problems constellation, basic error and causes

vector measurements
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Time and Frequency Domain (Vector) Measurements

Time and frequency domain analysis
can range from basic spectrum and
RF envelope measurements to a wide
variety of time-gated measurements,
composite spectrum measurements
such as spectrograms, and statistical
measurements such as CCDF (com-
plementary cumulative distribution
function), which may also be made in a
time-gated mode.

Table 2. Vector (combined time & frequency domain) measurements are an excellent first step in understanding

the performance of a circuit or system.

In addition to a wide range of demod-
ulators and modulation analysis tools
the 89600 VSA software offers very
powerful and comprehensive vee

tor signal analysis. The combination
of vector signal analysis and digital
demodulation is the most productive
measurement approach for digitally
modulated signals.

Frequency,
frequency and time

Basic
digital demod

Y

Advanced and
specific demod

Get basics right,
find major problems

U

— Wideband spectrum
— Narrowband spectrum
— Frequency and time
— Triggering, timing

— Gated spectrum

— Gated power, CCDF
— Time capture

— Spectrogram

Signal quality numbers,
constellation, basic error
vector measurements

Find specific problems
and causes
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Time and Frequency Domain (Vector) Measurements (continued)

Getting basics right and found” message during digital de- different spectral and power character
0 Q GL Q J PDMRU SU Rr@@lﬂqﬂ vtually indicates a signal istics, including power statistics such
SUREOHP DQG QRW M XV Wadpaaklavexa§e pawerEadidd P
or variations in signal amplitude due
to modulation. Attaching clear mean-
ings to errors reported by the analyzer
enhances the value of the analyzer’s
results and makes the analysis itself
more comprehensive.

Our approach begins with frequency
(basic spectrum) measurements and
progresses to vector measurements
that combine frequency and time
domain analysis. You can learn a great
deal about digitally modulated signals
before using digital demodulation, and
some important signal characteris-
tics not readily visible during digital
demodulation.

It is easiest to see these characteristics

and how they are measured through

WKH XVH RI HIDPSOHV- 7KH IROO
amples will be presented in a sequence

which promotes an orderly approach

to measurements and troubleshooting,

and which enhances the chance that

problems will be found at the earliest

possible stage.

Time-varying signals require good
coordination of time domain and
frequency domain measurements.
Typically you can measure and verify
6RPH H[DPSOHV RI SURE OftRiMe ddnVddiK characteristics, and
digitally modulated signals which can then use time-related factors such as
be found through vector analysis in- triggers and gating to make the desired
clude malformed or truncated training frequency domain measurements.
sequences (which can cause compat-

ibility issues even if digital modulation
is successful) and improper amplitude
or ranging (which may disguise itself

as digital modulation problems such

as timing errors). Even some problems
which arise in the digital modulation
process itself may be seen more readily
in the vector (and not digital demodu-
lation) mode.

Vector analysis also provides a good

opportunity to set triggering and pulse
search length to optimum values. This
HQVXUHV I[IRU H[DPSOH

The situation is particularly demanding
for signals such as WIMAX OFDMA
because the signal changes character

LVWLFV LQ VHYHUDO VLJQLOFDQW ZD\V HYHQ

during a single RF burst or subframe.

JRU H[DPSOH WKH SUHDPEOH RI D GRZQ

link subframe may have higher power
than the rest of the subframe, and

that same preamble will have different
spectral characteristics and power
statistics from the rest of the sub-
frame. Indeed, different OFDM symbols
within the burst are also likely to have

WKDW D kSXOVH QRW
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Time and Frequency Domain (Vector) Measurements (continued)

Setting up basic
measurements

The measurements described here
will illustrate the general measure-

8VLQJ DQ H[DPSOH UHFRUGHG
signal

$Q H[FHOOHQW H[DPSOH VLJQDO IRU ERWK
vector and modulation analysis is

PHQW DSSURDFK DQG SU RprovidedHwihShe BR6HB VSA software
H[DPSOHV RI 2)'0$ DQDO\WDIWD:KHFPRUGLQJ XQGHU WKH oOH QDPH

detailed step-by-step instructions will

not be provided in this application note
LQVWHDG VHH WKH

and Option B7Y demonstration guide

described above), many of the menu

and dialog choices will be listed.

Demonstration software note: The
measurements made here will use the

i80216e_DL10MHz.sdf (the path to

the recordings is usually c:\\Program
Fite8\Keish)I@\89 60V S\ Help\Sig-
nals\). This OFDMA downlink recording
includes slightly more than 5 RF bursts
(downlink subframes) which have a
burst length of 2.37 mSec and a repe-
tition interval of 5 mSec.

2)'0$ H[DPSOH VLIJQDO UHARHUGEQDYEDFN LV oUVW LQLWLDWHG LQ WKH

provided with rev. 6.20 (or later) of the
89600 vector signal analyzer software.
You may obtain this software from
Keysight Technologies, Inc., install it in
a user PC, and operate it in a demon-
stration/training license mode without
the need to purchase the software or
contact Keysight to obtain a perma-
nent license. This demonstration/train
ing license is available each time the
software is started, and the demon-
stration/training license capability
GRHV QRW H[SLUH 7KH
training license provides full access

to the analyzer’s detailed help facil-
ity, digital modulation tutorials, and
demonstration videos.

89600 VSA, the analyzer is set to the
center frequency and frequency span
used when the recording was made
(though these can be changed later).
The analyzer defaults to a two-trace
display of frequency domain (spectrum)
and 90% time domain (RF envelope)
where the spectrum measurement
corresponds to the time record shown
in RF envelope form. The analyzer
also defaults to a frequency resolution
(FFT size) of 801 points and a playback

GRFRQUWE BRWLRQ7KH RYHUODS 0JXUH VHWYV

the analyzer to construct each sue

cessive time record in playback by

concatenating the last 90% of the

previous time record with 10% “new”

GDWD IURP WKH QH[W VHIJPHQW LQ WKH
UHFRUGLQJ oOH ,Q WKLV ZD\ WKH HIIHFWLYH
playback speed of the recording can
EH DGMXVWHG ZLWK

a fast playback and 99.99% yielding a
very slow playback.

RYHUODS \LHOGLQJ
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Time and Frequency Domain (Vector) Measurements (continued)

Setting up triggering

Untriggered analysis of framed or
bursted signals such as OFDMA is
generally clumsy and unproductive.

caused by modulation will work well;
1 uSec is a good value to begin with.

Trigger holdoff has one other important

use for framed signals such as OFDMA.

WLV XVXDOON YLWDO WRy R i bmpbEeudfditfer-

portions of the signal, and this general-

ly requires a combination of triggering
and positive or negative trigger delay.

ent bursts (such as uplink and down-
link) and where the inter-burst timing
varies, holdoff can be used with IF trig-

tKHUH DQ H[WHUQDO 1UD R&; Wiy beded i ridgdr S8Rt Which

used, the analyzer can construct its
own magnitude or IF trigger from the
input signal itself. When measuring

is unique in an RF burst sequence. For
HI[DPSOH WKHUH PD\ EH
interval which is longer than all others,

VLIQDOV ZLWK VLJQL oF D QiR aybl Wgb&dt ohhteach

ation due to modulation (this certainly
applies to OFDMAL), the amplitude
(RF envelope) variations can cause
false triggers during a burst. Therefore
trigger holdoff is also an important
parameter to set, though the actual
holdoff value is not critical for the
purpose of avoiding false triggering
due to modulation. Any value that is

complete frame. Using a trigger holdoff
value which is shorter than the longest
inter-burst interval but is longer than
the other intervals will yield a single

All of these trigger capabilities are
available whether the signal is “live”
(from input hardware) or from a record
ing. Triggers based on the recorded
signal are grouped under the Playback
Trigger tab of the Input menu.

While these trigger capabilities can
be used in the digital demodulation
mode as well, typical demodulation
measurements are made with the
RGN QDWW DEXAKWW X QFWLRQV VS
demodulation type. These pulse search
functions are in some ways more
advanced than the triggering described
KHUH 7KH PRVW FRPPRQ H[FHSWV
this practice occurs when pulse search
is unsuccessful or unreliable in demod-

YDOLG WULJJHU DW D VS Higton 6pe3e®idn®, Perhaps kS

frame. Positive and negative trigger
delay can then be used to select any
portion of the signal for measurement,
referenced to this unique trigger point.
QLED

ZHOO LQ H[FHVV RI WKH WHPSRUDU\ PL

to questions about the validity of the
pulses constructed by the system. In
cases such as this the normal trig-
gering and holdoff functions can help
identify defective bursts.
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Time and Frequency Domain (Vector) Measurements (continued)

When making triggered measurements

Iii Keysight 89600 Vector Signal Analyzer

on RF bursts, a good practice is to be- - -
gin by setting anegative or pre-trigger Ele Edit Control Source Input TestSetup MeasSetup Display Trace Markers Utiities Help
» ® Stacked2 v e |i &
GHOD\ RI DSSUR[LPDWHO 2P WRE QRO = k mrjs
. &: Ch1 Spectium Range: -10 dBm
record. Then choose an appropriate .20 T ] [
WULJJHU KROGRII YDOXH|DQG®BGMXVwW wWuUfih Wi ngwwvm
. . T !
level until a stable measurement is Loghag
produced in the frequency and time 10
. . dB
domain. For the following measure P e e, iM qli —
. LRV i
ments on the i80216e_DL10MHz. _120M)"|I("‘"Mr|n,n.a 'h] ¥y ,', 1
sdf recorded signal, a trigger level of dBm |
. Center: 2.31 GHz Span: 20 MHz
10 mV, a trigger holdoff of 1 uSec, and REW: 100 kHz TimeLer: 33.20312 uSec
a pre-trigger delay of —3 pSec works _mB: Ch1 Main Time l ‘ Range: 100 m/
well. See Figure 1. dBvipk. F f AL VL& V(P 'y |
LDgMag """" O e Y’ = ["‘H"‘ """"""""""" PRERERRRNERIANNSRS o i s R
10
dB
fdiv
110
dBvpk
Start: -4 uSec Stop: 34.164 uSec
Trig: Ch 1 Delay: -4 uSec Trig Lvl: 10 mV/

Figure 1. Triggered measurement of spectrum and RF envelope with negative trigger
delay, showing leading edge of burst. Horizontal dashed line on RF envelope shows
trigger level.
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Time and Frequency Domain (Vector) Measurements (continued)

Basic measurements of the Given a particular frequency span
preamble (and resulting sample rate), FFT size,

DQG 5%: ZLQGRZ FRQOJXUDWLRQ WKHUH
With the measurement stabilized, you LV D OLPLW RQ WKH PD[LPXP OHQJWK RI D
FDQ FRQoJXUH WKH B Q D Ginjéirbcord R-oBtheV¥diMHz span and

mine some basic signal parameters. 801 point FFT size of the analyzer's

Measuring the preamble of this down- GHIDXOW FRQOJXUDWLRQ WKLV PD[LPXP
link signal is a good place to begin, as  time length is about 40 uSec. Since

the characteristics of this portion of the desired length for this measure-

the subframe are stable and well-de- PHQW LV $6HF DQG VLQFH PD[LPXP
0QHG 6LQFH WKH SUH D P EreeHerlgih an@ nufhber of FFT points

symbol time in length and may have a  scale linearly, we need an FFT length

different power level than the rest of DSSUR[LPDWHO\ WLPHV ORQJHU WKDQ
the subframe, it makes sense to seta  the default 801 points. The ResBW

time record length of about 2.5 times tab of the MeasSetup menu provides

the OFDM symbol length, or about a Frequency Points setting, and we

250 pSec. should thus select a number of 6401

or greater from the binary sequence in

the drop-down list.
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Time and Frequency Domain (Vector) Measurements (continued)

Once the number of points is in- for occupied bandwidth measurements this point it might be useful to use the
creased, the Main Time Length can be can be changed, though this is not a mouse on the dashed vertical band

set on the Time tab of the MeasSetup  particularly precise measurement for power center line to drag the band
menu to 250 pSec. The resulting time  signals such as OFDM, which have SRZHU PDUNHUV WR WKH oUVW V
domain display now clearly contains varying sideband levels. the preamble. This would provide a

the turn-on event, the preamble, and good relative or absolute measurement
WKH oUVW V\PERO IR © O R &ih® theVidahtl pSngi-hiafker length of the relative power level of the OFDM
ble, along with the spectrum of this was set visually from the appearance symbols.

time segment. It is then a straightfor- of the RF envelope trace, the length

ward matter to use the band power setting (shown in the Calculation tab of

marker tool and the mouse to measure the Markers menu, after selecting trace

both the power and time duration of $ LV D JIJRRG ZD\ WR YHULI\ DSSUR[LPDWH

the preamble, as shown in Figure 2. In  preamble (and therefore also OFDM
the same way, we can select the occu- symbol) length. In this way, you can
SLHG EDQGZLGWK P D U-NH deasuté dn@Qvedif§ Bi1ahR dithe basic
mate measure of the bandwidth of the  parameters before attempting opera-
signal. The default power percentage tions such as digital demodulation. At

ﬁ Keysight 89600 Vector Signal Analyzer

Ele Edit Control Source Input TestSetup MeasSetup Display Irace Markers Utiities Help

»n o [@OOO®®® ez~ |[nmmo 1M B

A: Chl Spectium : : Range: -10 dBm
-20 | B / |
dBm [ | 03‘#‘ |
Loghag
10 [t i i [T
dB | 18] LY
Jeliv A y

TEMERT 1 Ll
Center: 2.31 GHz Span: 20 MHz
RBW: 15.2774 kHz TimeLen: 250 uSec
B: Ch1 Main Time : Fian‘ga 100 mV
-0 . o " e o I
dBVpk |
LogMag S i e i = o i
10 ~ 1 : d B L L l
dB v
.’div“ :
-110]] :
dBVpk || .
Start: -4 uSec Stop: 245.96 uSec
Trig: Ch1 Delay: -4 uSec Trig Lvl: 10 m¥
Tzace 2 OBW: S 130 129.71 Hz Centzoid: Z 305 572 505.40 H=z Offset: -4
Trace B Power: -12.835 dBm

Figure 2. Occupied bandwidth and band power measurements; numeric results are
shown at the bottom of the display.
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Time and Frequency Domain (Vector) Measurements (continued)

Time-gated spectrum

You can make more precise and more

VSHFLoF PHDVXUHPHQWYV RL MRS fou should reset

and signal bandwidth, and of critical
parameters such as carrier spacing
using time-gated spectrum measure-

PHQWYV RQ D IUHTXHQF\ Vasnpegsu%?§1é/nW391%inFigure3,

quate to cover the signal. In this case
a good choice for frequency span is 10
MHz, and this parameter (along with
the center frequency, if desired) can
be changed on a recorded or captured
signal.

You can set up time-gated measure-
ments visually by using the mouse, or
numerically through the menus. In this

ﬁrn:]ore accu-
FDVH LW LV FRQYHQLHQWWR,Ydh&eVvab fomPdecupied

parameters such as the gate length
using the Time tab on the MeasSetup
menu, and then move the gate window
visually to align with the preamble.

For optimum spectrum resolution, you
should set the gate window to match
the OFDM symbol time of 102.9 uSec,
and set the Window Type (RBW shape)
on the ResBW tab of the MeasSetup
menu to Uniform. The uniform window
is a good choice for self-windowing
functions such as OFDM symbols, pro-

YLGLQJ PD[LPXP IUH T X H Qtahdwitth) ReaxureinenQof carrier

for a given gate (time record) length.
If necessary (as the result of other

the main time length to a value such
as 250 uSec, to allow measurement of
different portions of the signal. Such

where the gated spectrum measure-
ment in trace A is the result of the gate
window placed in trace B.

spacing can be made without the need
for digital demodulation. This gated
measurement is particularly well-suit
ed to the preamble, where only every
third OFDM carrier is transmitted

and individual carriers are thus easily
UHVROYHG DQG H[DPLQHG 7KH t
; D[LV VFDOLQJ RI WUDFH & DER
shows both the untransmitted center
carrier and the individual subcarriers in

the preamble in more detail. If desired,

The individual carriers are resolved in
trace A, and the offset marker function
is used to measure their frequency dif-
ference. By measuring the outermost
carriers and dividing by the number

of carriers, an accurate

ﬁi Keysight 89600 Vector Signal Analyzer

Fle Edit Control Source Input TestSetup MeasSetup Display Irace Markers Utiities Help

-

you can move the gate window to the
symbol following the preamble by
dragging the left gate marker with the
mouse or increasing the numerical gate
delay (and therefore the start of the
gate) by 1 OFDM symbol time.

rinle | @OEOOEO stededs  ~ ||k TEo [ || &
&: Chl Gate Spectrum Range: -10 dBm
-20 . ] f { | ! I }
Bm :E |
ad 1 I I LI -
Az0-t | I
dBm————1— = ———— ——F——— =
Center: 2.31 GHz Span: 10 MHz
RBW: 9.71168 kHz GateLen: 102.9687 uSec
B: Ch1 Main Time Range: 100 mV
10k I I S— = T
dBplk LIEUTTES L Fl S L (8 LRRAR il Igk Bk L
| H i d
-110
dBvpk [°f
Start: -4 uSec Stop: 245.92 uSec
Trig: Ch1 Delay: -4 uSec Trig Lyl 10 mV
C: Cht Gat$§gectrum : Range: -10 dBm
-25 !
dBmlp_n p L\ Y A Alg ~ [ n_n P I, ) r{l A_Nlns A
A L A A A A S
P R R W R W S
-75 | | T I | 1 i
dBm - I | | ! r1: L :l I T

=i
eft: 23094571394 GHz
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Figure 3. Gated spectrum measurement of only the downlink preamble. The gate

windows are shown in trace B and the entire subcarrier set (every 3rd carrier) is shown
in trace A. In trace C the X-axis of the middle portion of trace A is expanded to show
individual subcarriers and the missing center carrier.
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Time and Frequency Domain (Vector) Measurements (continued)

Meaguring subframe timing HQFH IRU WKH RIIVHW P DGhkeH weciolriésuoghenté/ale-liseful

beginning_of the RF burst and is set on  for a variety of tests not involving
$ WKUHH WUDFH GLVSOD \tr5)c9§ Thé:)ehh Y t\f{é:FQ—'(Bl!l_llst can be digital demodulation. For component

HISDQVLRQ LV DOVR XVHIXGQ dRilY By pVadit'aPrdrkeron  PDQXIDFWXUHUV IRU H[DPSOH

the actual burst length and turn-on/ trace C (which places a marker atthe ~ power measurements such as CCDF

turn-off behavior of the signal. To 0b- 536 time point on trace B, though itis  provide important information for com-

WDLQ D VXIoFLHQWO\ ORfo]-sgaBlto%hélvibrﬁ)!_hn(yme%é]burst SDULQJ GLIIHUHQW DPSOLOHUV |
record) length, the number of frequen- i Guration can be read from the settings.

F\ SRLQWV PXVW EH H[SD@GHGRIP ke atiebdttom of

time to 25,601. Then a combination of the screen
RIIT'VHW PDUNHUV ; D[LV VFDOH H[SDQVLRQ
and marker coupling between all three

Marker coupling is particularly useful
traces produces the measurement

o for measurements such as this, where

shown in Figure 4. WKH PHDVXUHPHQW GDWD IDU H[FHHGV
what can be shown on a normal-

ly-scaled trace. The offset markers

could also be used on individual traces

to measure the power ramps.

Marker offset references can be se-
lected separately or together for each
trace. In this measurement the refer-

ﬂ Keysight 89600 Vector Signal Analyzer
Ele Edit Control Source Input TestSetup MeasSetup Display TIrace Markers Utilities Help
Pinle| || @BCOEDSteckeds v || kDo || M8

iA: Chl Maitl'l Time
{

Range: 100 mV

] T T T T T T
dBVpk —
B — ! - |l e J
dBVpk | — ! i I ! i —
Start: -4 uSec Stop: 2.4959 mSec
Trig: Ch1 Delay: -4 uSec Trig Lyl 10 m¥
B: Ch1 Main Time : Range: 100 mV
-10 TR 7 L e ) A e
dBvpk m" e i e e i L bt e i g 0 e i
1105 Wf T
dBVpk
Left -4 uSec Right: 50 uSec
Trig: Ch1 Delay: -4 uSec Trig Lyl 10 my
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BV ——— ——F———
T T e s e
,SU 2.2 1 L3 1 | I 4 ! I [l 1 ?
dBVpk ! I ! WAl AR g
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Trig: Ch1 Delay: -4 uSec Trig Lvl: 10 my
Z.38E715 meee
Tzace B Offset: 2.366715 mSec 2.5€5 43
Trace C Marker: 2.386462 mSec -53.762 dBVpk

Figure 4. RF envelope of the entire subframe (top trace) along with expanded-scale
views of the turn-on and turn-off events (lower traces). Coupled offset markers are used
with the expanded scaling to accurately measure the subframe length. Note also the
varying power of the RF burst envelope as shown in trace A.
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Time and Frequency Domain (Vector) Measurements (continued)

CCDF measurements The setup for time-gated CCDF is very different from the rest of the subframe,
) similar to that used for the gated spec- the CCDF calculations normalize this

As with spectrum measurements, trum measurements of Figure 3. For difference out. In a similar way, the

CCDF measurements are most illustration, the CCDF of the preamble =~ CCDF of different portions of the RF

valid and consistent when made in a
time-gated mode. In particular, for a
signal such as OFDMA, where signal
structure and modulation (and there-
fore power statistics) change during a
subframe, it can be very useful to make
measurements focused on particular
parts of the signal. Alternatively, mea-
S!”eme“ts can be made on the same different for the preamble and later
signal both before and after a partic- portions of the subframe. At the 1%

XODU FRPSRQHQW VXFK %aBHQ o%ﬁﬁ%"p&’m}a{ver
RU RSHUDWLRQ VXFK DV ERE b s ens

factor reduction) to better understand Note that while the actual average

the effects. power levels of the preamble may be

is measured and saved in a data regis- burst (as shown by the power varia-
ter. It is then overlaid with a measure-  tions in the top trace of Figure 4) could
ment of a later portion of the subframe  be measured by graphically or numeri-
which uses all subcarriers. The resultis cally placing gate markers.

shown in Figure 5.

As can be seen from the RF envelope
trace, the power statistics are quite

ﬁ Keysight 89600 Vector Signal Analyzer

bnle | ®OODE® stacked2 v ki::::olélr‘l ]

£: Chl Main Time Range: 100 mV
0 [ [ [ [ I [ [ | |
dBVpk | | P N Y P T
LogMag |~ : | 3
10 ]
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B: Ch1 Gate CCDF Pts:21.1k Avg:-16.65 dBm Range: 100 mV
00 ——2
%
Bl = = e — = — = -
EEEEEE5EEEEEEEEEEEEEE;EEEEEgEEEEEEEéEEEEEEEEEEEﬁEE§§E§§EEE;EEEEEEEEEEEEEE
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1 = — =
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Tzaee D Markex:
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3 a2 1 £

0243

[
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Figure 5. Time-gated CCDF of preamble and data portion of OFDMA downlink subframe
overlaid (bottom trace). The gate window is shown in the upper trace and a reference
AWGN curve is shown by a gray line in the lower trace. Specific peak/average power
figures for the 1% probability point are listed in the marker table for comparison.



16 | Keysight | IEEE 802.16e WiMAX OFDMA Signal Measurements and Troubleshooting - Application Note

Time and Frequency Domain (Vector) Measurements (continued)

Spectrograms

With a comparatively wide band-
width,long time length, and large num-
ber of carriers, an OFDMA subframe
typically contains a large amount of
data. Most time and frequency domain
displays, however, contain a limited
amount of information. Spectrograms

surement data is contiguous and no

signals are missed. In addition, the

DGMXVWDEOH RYHUODS SDUDPHWHU DYDLODEOH
IRU SOD\EDFN DOORZV \RX WR DGMXVW WKH

time interval represented by succes-

sive spectrum measurements (and

therefore the vertical time scale of the

spectrogram) as needed to optimize

the measurement.

DUH DQ H[FHOOHQW ZD\ WR SUHVHQW D ODUJH

amount of spectral information on
a single screen by using color as an

Spectrograms covering bandwidths
much wider than the OFDMA channel

DGGLWLRQDO LQIRUPDWLRQ,BELN fof Retbtfhg'ihtehef-

each individual spectrum measure-

ence and understanding band usage.

PHQW LV UHGXFHG WR RQd; fid bihRsbRénks Qoplication

height, and amplitude is encoded as a
color or brightness value. By stacking
successive spectrum measurements,

note, however, we will discuss the use
of a time-gated spectrogram of the
downlink subframe previously ana-

WKH < DILV RI WKH GLVS QRaqrHe Qethh i eSsdidaity the same

In this way hundreds of spectrum
measurements can be presented on a
single display, enhancing the visibility
of subtle spectral effects.

Spectrograms are particularly useful
when made from signal recordings,
since the analyzer is in a real-time
analysis mode during recording and
playback, ensuring that the mea-

as the gated spectrum measurements

in Figure 3, with a 1 symbol gate length

and a uniform window shape. Trig-

JHULQJ VSHFLoFDOOA 30O0D\EDFN 7ULJJHU
ing) should be switched off for these

VSHFWURJUDP PHDVXUHPHQWY DQG 0D]
2YHUODS IRU WKLY H[DPSOH WLPH FDSWXUH
should be set to 98-99%.
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Time and Frequency Domain (Vector) Measurements (continued)

JRU WKLY PHDVXUHPHQW < D[LV VFDOLQJ

should be reduced (to 2 dB/division in #23 Keysight 89600 Vector Signal Analyzer

WKLV H[DPSOH WR HPSKI | Elle Edit Control Source Input TestSetup MeasSetup Display Trace Markers Utiities Help
changes associated with OFDM symbol »nle @@ OO E®® stdkedz cro Mg %
transitions. You can then increase and & Ch1 Gate Spectum '
DGMXVW WKH RYHUODS ¢ 0 ot

initial symbols of the subframe, and E
later to show the entire subframe and
its changing spectral content. As need
HG \RX FDQ DGMXVW WKH
enhancement parameter to emphasize

i’i’

ARl

the amplitude range of interest. The e e 10 Mz
symbol transitions are most clearly GiateLen: 102.9587 uSec
. . B: Ch1 Gate Spectrum Range: -10 dBm
seen in color displays. 20 | I I ]
Bm
JRU WKH oUVW PHDVXUHP Loghag ™ |
er's Trace Select spectrogram marker 5 i - !

. . dB — M- p AT 1 il =i - -
will be used. This allows one spectrum Jdiv s | LR IN II L e ! L
measurement to be selected from the -su” ! ! | I |
spectrogram and displayed in another dEmE T | M

. . . enter. £. F4 pan: r4
display trace, as shown in Figure 6. REW: 9.71168 kHz GateLen: 102.9687 uSec

Figure 6. Spectrogram and spectrum measurements of preamble and first symbols of
downlink subframe. The Trace Select marker is used in spectrogram to identify
individual spectrum measurement for display in bottom trace. Note that the occupied
bandwidth of the signal is somewhat wider during the preamble.
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Time and Frequency Domain (Vector) Measurements (continued)

Correlating a spectrogram match, the data burst maps (which
with data bursts XVH ORJLFDO VXEFKDQQHOV DV WKHLU < D[LV

DQG 2)'0 VIPERO LQGH[ WLPH DV WKHLU
6LQFH WKLV H[DPSOH VLJQDQLWRQ@WDd E\H VUHRYW DW H G GHJUHHV DQG
eral different data bursts in each of two  aligned with the spectrogram to pro-
different zones, and each zone contains duce the graphic shown in Figure 7. The
a combination of data-carrying and window (RBW) shape has been returned
unoccupied (pilots-only) symbols, it is WR WKH GHIDXOW pDW WRS VKDSH WR VKRZ WKH
possible to match the subframe with the increased sideband energy that marks
data burst maps used by the analyzer the symbol transitions on either side of
for digital demodulation operations in the spectrogram.
OFDMA analysis. To perform this visual

Figure 7. Spectrogram (left) and data burst maps (right) aligned to show the same events in
time (Y-axis). The change in OFDMA subcarriers corresponding with data bursts and logical
subchannels is clearly shown. Note in particular the different spectral characteristics
associated with data-carrying symbols and unoccupied (pilot carriers only) symbols.
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Time and Frequency Domain (Vector) Measurements (continued)

%\ DGMXVWLQJ WKH VSHF YWatRol WieR st ruieRitd

ters, the structure of the subframe and
its data bursts is revealed. Even the tim-
ing of the individual symbol transitions
can be seen by the temporary increase
in sidelobe energy at the left and right
edges of the spectrogram. Especially
distinct spectral changes are obvious
in the latter part of each zone, where
the data bursts have ended and only
pilot subcarriers are transmitted. The
changing subcarrier numbers of these
pilots from symbol to symbol are also

summary

$V WKH H[DPSOHV KHUH VKRZ \RX FDQ
understand, measure, and verify many

of the most important characteristics

of the OFDMA signal before performing

digital modulation analysis. Indeed, the

use of vector time and frequency do-

main analysis to more fully understand

the signal and its characteristics will

improve digital modulation analysis and

may reveal to you problems or impair-

VKRZQ LQ WKH VSHFWUR J e whiclywwuld giharwise remain

scaling and the spectrogram’s Trace
Select function, you could see details of
pilot and subcarrier behavior on a sym-
bol-by-symbol basis. In general, the use
of the uniform window (Figure 3 above)
provides the best frequency resolution
for resolving OFDM subcarriers, and the

obscure.

pDW WRS DQG *DXVVLDQ ZLQGRZV SURYLGH

the dynamic range to reveal the symbol
transitions.
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Basic Digital Demodulation

The goal of basic digital demodulation
is successful and valid demodulation
of the signal (a “locked” demodulation
result with correctly detected symbol
states, etc.). This demodulation will
produce a wide variety of valid modu-
lation quality measurements plus basic
error displays primarily in terms of time
(or OFDM symbol) and frequency (or
OFDM subcarrier).

The information gained during initial
vector measurements enhances the
reliability of digital demodulation mea-
surements and the insight provided by
them.

For some measurement tasks, espe-

coupling to link error measurements

FLDOO\ GHVLJQ YHUL o F D\AckoRifferénvdomaibd. Etral Sd@ces
GHPRGXODWLRQ ZLOO -EHmé)XdeoifvisiBI® Won& iddastitdment

ror summary table provides a complete
numeric summary of signal quality and

type and obvious in another. This is
particularly true in multicarrier formats

WKH PDJQLWXGH R1 P DM RductiHds OFRDMANaS HWé&/will discuss

A large amount of measurement data
is available at this stage and you can

VRPH H[DPSOHV RI WKH XVH RI P

coupling in this note.

SHUIRUP VLIQLoFDQW WURXEOHVKRRWLQJ DV

well. Error vector time and frequency
measurements, in particular, are an

H[FHOOHQW ZD\ WR EHJLQ WUDFNLQJ GRZQ

potential problem sources.

One powerful technique (often over-
looked, and not available in many other
product solutions) is to use marker

Table 3. Basic digital demodulation measurements verify proper modulation and quantify the main error
parameters such as EVM vs. symbol and subcarrier.

Frequency,
frequency and time

Basic
digital demod

Y

Get basics right,
find major problems

Signal quality numbers,
constellation, basic error
vector measurements

Advanced and
specific demod

L |

— Set up demod and
— Constellation
— Error summary

— Error vector

— Error vector time
— Cross-domain

— Parameter

— More time

displays

spectrum

and cross-
measurement
links
DGMXVWPHQW

capture

Find specific problems
and causes
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Basic Digital Demodulation (continued)

Understanding 1/Q errors in VSA's digital demodulation measure-
OFDM ment displays. Fortunately, impairments

DQG GHIHFWV VXFK DV pDWQHVV IUHTXHQF\
2QH H[FHOOHQW UHIHUHQespoRs@, sihhbB ¥rEify Hhase noise,
shooting OFDM signals is an RF Design  frequency error, EVM, 1/Q defects, etc.)
magazine article by Robert Cutler of have the same appearance as they do
Keysight Technologies. A summary table for IEEE 802.16 OFDMA WiMAX. Also,
from that article is shown here (with a some of the setup parameters can be
WDEOH HUURU FRUUHFW HénteretRn% siReQuay @S3hdy Krk ¥6r
reference in the Resources section at other modulation types.
the end of this application note.

Note, in particular, that many types of

signal impairments do not provide the

distinctive error displays in OFDM that

they would in single-carrier modulation.

8QGHUVWDQGLQJ WKH VSHFLoF W\SH RI HUURU
is a primary use of many of the 89600

Table 4. Using constellation displays to determine OFDM signal impairments is
somewhat more complicated than for signals with single-carrier modulation.

Impairment OFDM Single carrier modulation (SCM)
1Q gain balance State spreading (uniform/carrier)Distortion of constellation

IQ Quadrature skew State spreading (uniform/carrierDistortion of constellation

IQ channel mismatch State spreading (nonuniform/caSiate spreading

Uncompensated frequency error State spreading Spinning constellation

Phase noise State spreading (uniform/carrier) Constellation phase arcing
Nonlinear distortion State spreading State spreading (may be more pronounced on outer states)
Linear distortion Usually no effect (equalized) State spreading if not equalized
Carrier leakage Offset constellation for center carri@ffset constellation

Frequency error State spreading Constellation phase arcing
$PSOLoHU GURRS Radial constellation distortion Radial constellation distortion

Spurious State spreading or shifting of affected  State spreadihgciyenlar
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Basic Digital Demodulation (continued)

Capturing a Signa| for ana|ysis In the 89600 VSA, time capture opera-
tions primarily require the setting of an-

alyzer center frequency and span, and

surements, .the a“a'Yzer setup must selection of a capture length. Generally
match the signal. This matching process a frequency span of 1.2 to 1.5 times the

PDV LQYROYH VRPH H[SHUIFHIWYBY EXVEWK LV VXIOFLHQW 7KH

.de.modulatorsettingsandcharacter—l FHQWHU IUHTXHQF\ QHHG QRW EH H[DFW DV
istics, and the use of the 89600 VSA's you can change both center frequen-

time capture can be very helpful in this cy and span after signal capture. You

HITRUW 9%\ FDSWXULQJ RQLh RindiElihloftiime capture

ples of the signal for repeated playback, LQ WHUPV RI VDPSOHV H[SUHVVHG DV D

you can be assured that any changes number of time records) or time. For

in the demodulation result (including signals such as those described here,

both success/failure of demodulation D FDSWXUH RI RQH WR oYH IUDPHV VKRXOG
and changes in measured signal quality) g x| oFLHQW 7KH WLPH FDSWXUH RSHUD
are the results of the intended setup tion can be a triggered event, and it is

changes gnd not. a cohsequen(_:e of useful to trigger on the rising edge of

changes in the signal itself. This ap- the burst, with a negative (pre-trigger)

proach reduces the number of variables delay of 5 to 50% of the burst length.

in signal analysis and troubleshooting Trigger holdoff, if necessary, should be
and 'mpro_ves the chances for con5|s_tent set as described previously in the vector
and meaningful results. The use of time measurements section of this note.
FDSWXUH oOHVY KDV DGGLWLRQDO EHQHoWYV

allowing you to archive signals for future

comparisons and providing an easy

method to distribute signals to different

design teams.

To make accurate demodulation mea-
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Basic Digital Demodulation (continued)

Two types of demodulation
measurements

When analyzing OFDMA signals with
the 89600 VSA software, there are two
types of demodulation measurements to
make: “uniform” mode and “data burst”
mode. In a uniform mode measurement,
the analyzer assumes that the signal
will have only one type of modulation
and one power level throughout the
permutation zone to be analyzed. In
“data burst” analysis, the analyzer
demodulates the signal according to a
subchannel-by-symbol (or “slot”) “zone

7KLV VLPSOLOHG VLJQDO LV QRW DQ DSSUR
priate one for normal system operation,

since one of the limitations on its com-

SOH[LW\ LV LWV ODFN RI D 436. PRGXODWHG
frame control header (FCH).

7KH XQLIRUP VLJQDO RIIHUV EHQHOWYV IRU
both signal creation and signal analysis.

On the creation end, the uniform signal

can be created in the same way that

simpler OFDM signals are, reducing the

chance for DSP or other errors in signal

creation which might be confused with

errors in modulation analysis (param-

eter) setup, demodulation algorithms,

GHoQLWLRQyY JULG WKDW ¥WXH XVHU FUHDWHYV RU
SURYLGHV LQ WKH IRUP RI D VHWXS oOH 7KLV

grid indicates the type of modulation
used for each logical subchannel and
each symbol of the subframe, allow-

ing the analyzer to demodulate and
display the individual data bursts, either
separately or together, and to produce a
Data Burst Info summary results table,
which will be described later in this
note.

One good approach for getting demod-
ulation working and making modulation
error measurements with the mini-

Since the uniform signal is generally
representative of other signals in terms
of spectrum and power statistics, itis a
good test signal for testing part or all of
the RF signal chain. The uniform signal
is spectrally correct and usually correct
for power statistics as well: these statis-
tics should approach the AWGN curve.
While downlink signals can change
power during a subframe, for a single
OFDM symbol, the CCDF power statis-
tics should be similar between uniform
and nonuniform signals.

PXP DPRXQW RI GLIOFXOW\ LV WR OLPLW WKH
FRPSOH[LW\ RI WKH VLIJQDO $Q H[FHOOHQW
ZD\ WR OLPLW WKH FRPSOH[LW\ RI WKH VLJQDO

is to use a “uniform” signal. As used in
this note, the uniform signal is limited

to a single modulation type and uses

all logical subchannels (and therefore
all subcarriers) for the entire subframe.
The power of the uniform signal remains
constant for each symbol in the sub-
frame. In addition, the pilots (relative

to which the signal is demodulated) are
HDV\ WR 0QG
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Basic Digital Demodulation (continued)

Downlink modulation qua”ty frequency parameters (center, span) Recall that when using recorded

measurements of a uniform DQG W ULJJHU FRQGLWLR Qighalshfith th&)8IED0 VER Wil ¢an
nal and trigger level delay and holdoff,  change the analyzer's center frequency

Slgnal if necessary) have been correctly set.  and span during any stage or mode
7KLV GRZQOLQN DQDO\V LN manwcases the Vﬁﬁ’émulﬁq search  of analysis — even after the recording
ample downlink recording i80216e_DL- capability will eliminate the need for is made. This is true so long as the
PuscUniformQ64.sdf supplied with the  triggering and for selecting parameters ~ desired analysis span is contained fully
89600 VSA software. Many important  including holdoff. within the original recording span.
characteristics of this signal can be
determined using the techniques Set the center frequency to the most The default demodulation settings for
described previously in the vector accurate value known or derived the 89600 VSA include a pulse search
measurements section of this note. from previous measurements. The function, so triggering is not usually
JRU H[DPSOH WKH VLJQ Danalyzer wilbcalgulate the precise necessary for pulsed signals such as
symbol times long in total, including 20 ~ center frequency of the signal during most OFDMA downlink and uplink
symbols of 64QAM data plus the pre- the demodulation process, and the signals. However, if the signal under
amble. This uniform signal occupies all  analyzer will also report the error in test includes both uplink and downlink
of the slots in the zone, which means the error summary table. In general, signals, and/or if the intent is to mea-
that all of the OFDM subcarriers are the demodulation algorithms should VXUH D VSHFLoF 5) EXUVW DPRQ
active throughout the subframe and operate well on OFDMA signals where  you would normally use triggering. This
DUH PRGXODWHG ZLWK the gelegtpe eestey frequency is ac- triggering can be internal triggering,
the pilots, which are modulated with curate to within about one half of the where a combination of trigger level,
BPSK). OFDM carrier spacing. If you suspect negative/positive trigger delay, and
D FRQoJXUDWLRQ HUURU tayBed Hattloff BvekuDed tsEléctthe
As described above, it is generally YDOXH \RX FDQ FRQoJXUdtksiied RIF burst. Alternatively, you
helpful to make the vector (time enve-  VSA software for a larger demodula- FDQ XVH HIWHUQDO WULJJHULQJ
lope and spectrum or gated spectrum)  tion carrier lock range by selecting the HIWHUQDO WULJJHU VLJQDO LV I
measurements on a signal before ([WHQG )UHTXHQF\ /RFN 30Dt dedafivis Bhil Nositive trigger

setting up to perform digital demodu- ER[ LQ WKH $GYDQFHG W DdiayRate AvKildbl2 joi0this trigger type,

lation. Accordingly, it is assumed here '"HPRGXODWLRQ 3URSHU Wan#itiieycchiblie RsedEdRfieasure a

that the Signa| has no gross uncorrect- 7KLV H[S DQG HG ORFN U DQ’.H‘H EVOR@QUW H(YHQ LI WKH WL
ed defects that could be seen in vector able for uplink signals, due to their lack  coincident with the burst. Indeed, you

PRGH DQG ZKLFK FRXOG ®apieamhiperQnee@ mor accurate ZRXOG RUGLQDULOY XVH H[WHUQ

prevent digital demodulation. center frequency is derived from a WR H[DPLQH WKH UHODWLRQVKL
locked demodulation measurement, a supplied trigger signal and RF burst

Whether entered directly or derived that frequency should be selected as power (vector mode) or between a

from the vector measurements de- the analyzer center frequency, and you supplied trigger and data modulation

scribed previously, it is assumed that VKRXOG FOHDU WKH ([W H(@gha) demdddletiQrFnode).

theSigna|ana|yzer’samp|itudepa_ /IRFN 5DQJH ER[ WR \LHOG WKH PRVW VWD

rameters (attenuation or input range), ble and accurate demodulation results.
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Basic Digital Demodulation (continued)

7KH oUVW VWHS LQ GLJL Vdé&nod@atdhRazaxnetersitd seQuHel

to select the demodulation mode. You  performing OFDMA demodulation, and  For this measurement we want to use

do this from the analyzer’'s MeasSetup this button will reset most of them, the “uniform zone analysis” mode and

> Demodulator > Broadband Wireless  reducing the chance that parameters not “data burst analysis.” Note that

Access menu sequence, where 80216 VSHFLoF WR D SULRU PHDWKHHPHQUW QWO®HBERYLWLRQ RI W
2)'0%$ LV FKRVHQ 7KH Q H [iN¢oMpatidle witithé/drrrent one. preset does select the data burst

bring up the 802.16 OFDMA Demodula- analysis mode. This setting needs

WLRQ 3URSHUWLHV GLDORé& ®RJ0 (A Boftwatia/gupBorts two to be changed, and you can do this

> Demod Properties) and its four tabs, standards: the approved IEEE 802.16e by clearing the Data Burst Analysis

beginning with the Format tab, as OFDMA standard, plus an additional ER[ RQ WKH =RQH '"HoQLWLRQ WL

shown in Figure 8. proposed standard (Corrigendum 1, '"HPRG 3URSHUWLHY GLDORJ ER]
Draft 2), useful for troubleshooting right side of the Format tab, select the

The Format tab contains a drop-down  systems developed earlier. There are 3 appropriate subframe, either Uplink or

list used to select the applicable SUH VHW SURO0OOHV WR F KBoRNikk. Note that thi8 sdction of the

standard. This selection should be 0+] DQG :L%UR 7R HI[D Bpplxktior Xdte describes a downlink

WKH oUVW DFWLRQ \RX WduMdrt sighal iBOZ18eL Q) Puxc®ni- measurement.

digital demodulation. Selecting the IRUP4 VGI VHOHFW WKH 0+] SUROOH

VWDQGDUG FRQoJXUHYV FHUWDLQ SURSHU
ties of the demodulator, as described

in detail in the analyzer’s online Help

IDFLOLW\ 1H[W WR WKLV

Standard button, and it is generally a

good idea to use this button once the

standard is selected. There are very

PDQ\ PHDVXUHPHQW FRQ¢

Figure 8. The Format tab of the Demodulation Properties dialog
box is where the IEEE 802.16e standard and the main
demodulation properties are selected.
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Basic Digital Demodulation (continued)

7KH QH[W VWHS LV WR FRQoUP RU FKDQJH
the parameters on the left side of the

Format tab associated with the analyz-

er's sampling of the signal. Choosing

the Preset to Standard > 802.16e:

10 MHz automatically defaulted to

the correct values for Bandwidth, BW

Ratio, and FFT Size. You may choose

values other than the standard values

E\ VHOHFWLQJ WKH 0DQXDO ER[ RQ WKH
Format tab.

The FFT size associated with the

10 MHz nominal bandwidth signal

is 1024, yielding 840 active OFDM
carriers during the data portion of the
burst. Since carrier spacing is held
constant in IEEE 802.16 OFDMA, a

20 MHz nominal bandwidth signal
would use an FFT size of 2048 and
1640 active carriers, while a 5 MHz
nominal bandwidth signal would use an

EET size of 512 and 420 active carriers. Figure 9. Demodulation results from a uniform downlink signal using only 64QAM

modulation. The uniform appearance of the error vector spectrum display in the upper

. . right indicates that all OFDM subcatrriers or logical subchannels are occupied.
For uniform mode analysis, the mod-

ulation format is automatically de-

tected on a symbol-by-symbol basis.

With these parameters and default

measurement selections for a four-

trace display, the analyzer produces

a display such as Figure 9 from the

VXSSOLHG H[DPSOH GRZQOLQN UHFRUGLQJ
i80216e_DLPuscUniformQ64.sdf.
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Basic Digital Demodulation (continued)

One of the most useful symmetries

in the display and analysis of OFDMA
signals is between the error vector
spectrum (error vs. frequency

or subcarrier) measurement and the
error vector time (error vs. time or
symbol) measurement. These mea-
surements are complementary and
orthogonal, and can be valuable both
for ensuring correct measurement

menu and choose the marker location
by selecting it in the trace which is cur-

(time, frequency, 1/Q constellation

ORFDWLRQ HWF DQG H[DPLQHC

rently active. The markers in all other domains at once as a way to determine

traces will be shifted accordingly. An LWV FDXVH RU VLIJQLoOFDQFH (U!

HI[DPSOH UHVXOW LV VKRDY LRFUDWHK ZLWK D VSHFLOF V'
(as determined from the symbol table),

$V VKRZQ LQ WKH 0JXUH DLW BDRWOVS WKIFF WLPH RU V\PER

as one associated with an error peak, D VSHFLoF IUHTXHQF\ RU VXEFD

can be chosen from a desired domain

DQG IRU VLIQDO YHULoFDWLRQ RU WURXEOH

shooting. Accordingly, it is frequently
useful to have both measurements in
the same display, and that is easily
accomplished by selecting trace B
(merely click anywhere on the desired
trace), double-clicking the Trace Data
label at the upper left of the trace, and
selecting Error Vector Time from the
(alphabetized) list in the resulting dia-
ORJ ER[ 7KH HUURU YHF\
then be autoscaled by right clicking the
trace and selecting Y Auto Scale. Now
you can simultaneously evaluate the
signal error in the time and frequency
domains. Using the mouse and the
marker tool (the small diamond) in the
toolbar, you can activate and place a
marker in any desired trace. You can
use markers on all of the traces (and
associated domains) and couple mark
ers between them. To do this, select
Couple Markers from the Markers

Figure 10. Demodulation results showing error in both the time (lower left) and
frequency (upper right) domain. Coupling markers together on all traces lets you “walk”
through the signal and investigate anomalies. For instance, in this measurement, the
peak in the error vector time trace is associated with one of the BPSK pilots.
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Basic Digital Demodulation (continued)

In some troubleshooting applications on used for the pulse search operation (Chl

FRPSOH[ SXOVHG RU EXUVAHD® MK IJQPEYV $RFK[DPSOH LV VKRZQ LQ
as these, it can be helpful to simultane-  Figure 11.

ously see both demodulated information

and spectrum or time domain informa- In particular, the use of the search time

WLRQ :KHUH WKHUH LV V Xispl&lisueehl Bridiagnosing con-

space, you can use the 6 trace display  sistent or intermittent demodulation

mode of the 89600 VSA by selecting failures on pulsed/bursted signals. The

Display > Layout from the menus or by  search time result should always include

clicking the drop-down list to the right at least one full RF burst (subframe) in-

RI WKH WUDFH EXWWRQV ¢tl@iny the-risMReROfEIDdledgep. You

RU [ FRQOJXUDWLR-QV FdarQuse the\sea@itia/display with the

ed as desired, and the additional two QXPHULF 0JXUHV DQG JUDSKLFV SURYLGHG
traces can be used to good advantage  in the Time tab of the Demod Properties

to show both the spectrum of the signal GLDORJ ER[ DV ZLOO EH GHVFULEHG LQ D
and RF envelope of the signal bursts later section of this note.

Figure 11. A 6-trace display lets you see even more information, including search time,
which is useful when troubleshooting pulsed or bursted signals. Normally, a 6-trace
display would be used with a much larger display than in this example and would
include additional annotations and marker data.



29 | Keysight | IEEE 802.16e WiIMAX OFDMA Signal Measurements and Troubleshooting - Application Note

Basic Digital Demodulation (continued)

,I D VSHFLoF GHPRGXOD WIh&datd RritR&adtion \dp&ates
sired in a uniform zone measurement,  somewhat differently in data burst
and you do not want the analyzer’s analysis mode than it does in the
automatic format detection, you can uniform zone analysis mode described
manually set the Data Tone Modulation here, and those differences will be
by switching Data Tone Modulation to described during a discussion of data
Manual on the Advanced tab of Demod burst analysis later in this note.
Properties, as described in the 89600

+HOS $V PLIKW EH H[SHFWHG VHOHFW

ing the wrong type of modulation (a

mismatch to the actual modulation

type used in the signal) will cause

high errors in the time and frequency

domains, though the demodulation will

“lock” properly due to the presence

Rl WKH %36. SLORWV $Q H[DPSOH UHVXOW

of 64QAM demodulated as QPSK is

shown in Figure 12.

Figure 12. Forcing QPSK demodulation of a 64QAM signal produces a large error (none
of the detected symbols is actually within the displayed QPSK targets), though the
demodulation locks successfully due to the presence of the BPSK pilots. The Y-axis
scaling has been changed from previous measurements.
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Basic Digital Demodulation (continued)

Downlink modulation quality ~ symbols of the 10 symbol FUSC zone,
leaving the last 6 symbols unoccupied.

measurements of a burst

. . Note that you can see any of these
(nonuniform) signal

lation of a downlink signal will use the ~ symbols plus the preamble.
HI[DPSOH GRZQOLQN UHFRUGLQJ L HB

unoccupied symbols on the time trace.
7KH QH[W GLVFXVVLRQ R IThetoal dpwntinksupframg js then 22

Preset to Standard > 802.16e: 10 MHz

LQ WKH '"HPRG 3URSHUWLHYV GLD
Format tab. In this case we want to

perform data burst analysis, so we will

not change the results of the preset

operation in this area.

DL10MHz.sdf, supplied with the 89600  This discussion will describe data burst  The selection of the Downlink Sub-
VSA software. DQDO\WLYV XVLQJ WKH =Ritahie'aho (Qd Rielsé @ Stdandard
00OH VXSSOLHG ZLWK W K Hopétafidy Drothe FomRatiab cdyses

Prior to recalling any signal, it is a good @as part of the normal 89600 VSA soft-

idea to use File > Preset > Preset Setup Ware installation.
to place the analyzer in a known state.

Remember, from our previous discus-
This new signal contains two zones sion, that it is generally helpful to make
(i.e., it is not a uniform signal) and is vector (time envelope and spectrum or
VIPERO WLPHV LQ OH Q Xated spertiin) meagurements on a
zone is PUSC and has an FCH (frame  signal before setting up to perform dig:
control header), DL-MAP, UL-MAP, ital demodulation. Once successfully
and three data bursts: one each of completed, you can continue with more

QPSK, 16QAM, and 64QAM. It occupies FRQOGHQFH

12 symbols, though no data bursts

occupy the last 4 symbols. The second ~As with the previous measurement,
zone is FUSC and contains three data  digital demodulation begins with
bursts: one each of QPSK, 16QAM, selection of the digital demodulation

DQG 4%$0 7KH\ RFFXS\ wRagdedUuhe®o600 VSA and use of the

the synchronization to fail with this

H[DPSOH VLIJQDO EHFDXVH LW X\
QRQJHUR SUHDPEOH LQGH[ &KD
8VH SUHDPEOH ,QGH[ WR ZKLF
EH GHWHUPLQHG E\ H[SHULPHQW
different values) will correct this. Note

that the SyncCorr value on the Syms/

Errs table changes from 0.04 to 0.98

after correcting this value. After this

setup you will be measuring only the

FCH (frame control header) data burst.
'LWKRXW XVLQJ D PDS oOH RU R
GHoQLQJ GDWD EXUVWV WKH RC
whose modulation and location is

known (by the analyzer, from the stan-

dard) is the FCH.
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Basic Digital Demodulation (continued)

<RX FDQ YHULI\ WKLV E\ H[DPLQLQJ WKH
constellation display, where only QPSK

and BPSK modulation are present.

Note that in the default color coding

FRQOoJXUDWLRQ IRU WKH 96% WKH
BPSK pilot symbols are shown in white

(the default has been changed here for

clarity in monochrome printing), and

the QPSK FCH symbols are shown in

pink as in Figure 13.

Figure 13. Measurement of a downlink PUSC signal. As indicated by the constellation
display and color-coding, this measurement only includes the BPSK pilots and the
QPSK FCH. The color coding of the data bursts is consistent across all traces.
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Basic Digital Demodulation (continued)

OFDMA Signal Maps

7TKH ,((( 2)'0$ VLIQDO VWUXFWXUH LV YHU\ FRPSOH[ 7KH DQDO\]HU VHWXS
must match the setup of the transmitted signal. There are three ways to do
this in the analyzer.

7KH oUVW DQG HDVLHVW LV WR UHFDOO D .H\VLJKW 1 $ 6LIQDO 6WXGLR IRU
2)'0$ VHWXS oOH 7R GR WKLV VLPSO\ JR WR WKH 96%$ WRRO EDU DQG VHOHFW
File > Recall > Recall Signal Studio Setup. This provides the analyzer with

D JRQH GHOQLWLRQ PDS PDWFKLQJ WKH VLJQDO FUHDWHG ZLWK WKH 1 $ 6LIQDC
Studio for 802.16 OFDMA. Thus, you only need to create the signal

GHOQLWLRQ RQFH

7KH VHFRQG ZD\ LV WR XVH WKH =RQH '"HoQLWLRQ *ULG 7KH =RQH '"HoQLWLRQ *UL
a dynamic graphical user interface used to create uplink and downlink zone

GHoOQLWLRQV <RX VSHFLI\ WKH GDWD EXGWUWD/WR@W FKDUDFWHULVWLFV QDPH
modulation, symbol length/offset, etc.) and then use the mouse to map the

GDWD EXUVW UHJLRQ ZLWKLQ WKH JRQH DUHD RI WKH =RQH '"HoQLWLRQ *ULG :KH(
KDYH GHoQHG DOO WKH GDWD EXUVWYV IRU WKH JRQH \RX FDQ VDYH WKH FRPSOH!
]JROH GHOQLWLRQ WR D PDS oOH

7KH WKLUG ZD\ LV WR XVH D 0DS )LOH $ 0ODS )LOH FRQWDLQV ]JRQH GHOQLWLRQV 1
RPI HHWHQVLRQ WR VLPSOLI\ PDNLQJ PHDYXOWPHQWY RI IUHTXHQWO\ XVHG VLJ
<RX FDQ &UHDWH (GLW 'HOHWH ([SRUW DQG ,PSRUW PDS oOHV O0DS oOHV FDQ \
YHU\ FRPSOLFDWHG 2)'0%$ IUDPH DQDO\VLY ]JRQH GHoQLWLRQV ZKLFK PDNH WKHP
D WLPH VDYLQJ DQG DFFXUDWH PHWKRG WR UHSHDW D PHDVXUHPHQW $OVR PDS

are ideal for recreating the identical measurement made by other users.
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Basic Digital Demodulation (continued)

1H[W VHOHFW WKH =RQH 'HOQLWLRQ WDE RI
the Demodulation Properties dialog

ER[ 7KH GHIDXOW =RQH 'HoQLWLRQ *ULG

map is shown at the bottom of this

tab; only the FCH data burst has been

GHOQHG 2WKHU GDWD EXUVWV FRXOG EH
GHoOQHG PDQXDOO\ WKLV ZLOO EH GLVFXVVHG
in a later section of this note), but for

this measurement we will use a zone

GHOQLWLRQ PDS oOH WKDW KDV DOUHDG\

been constructed for this recording.

7KLV XVHU PDS oOH LV DWWDFKHG WR D
VHWXS 00O0H SURYLGHG ZLWK WKH

software in the same location as the

recorded signal. To access it, recall

WKH VHWXS o0OH L HB 0+] VHW 7R

XVH WKLV PDS oOH LW LV RQO\ QHFHVVDU\ WR
VHOHFW WKH 8VH 0DS )LOH ER[ $Q HQWU\
oHOG DQG GURS GRZQ OLVW LQ WKLV DUHD ZLOO
show only <none> and i80216e_10MHz

IURP VHWXS DV PDS o0OH FKRLFHV XQOHVV
RWKHUVY KDYH EHHQ GHOQHG

7KH PDS 00H VKRZV ORJLE‘B‘E?I EE%OBQD [QIEp Grid map was provided by a user

e co e bursts in this map will appear
RQ WKH < D[LV DQG 2)'0 Vrg Iﬁe%u stg easurementand error displays.
WKH ; D[LV ,Q DGGLWLRQ WR WKH )&+

GDWD EXUVWY DUH GH0o0QHG DQG FRORU FRG
ed as shown in Figure 14.
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Basic Digital Demodulation (continued)

$IWHU VHOHFWLQJ WKH P
is for display and analysis of all data
bursts in the map. This means that all
measurement displays and the error
VWDWLVWLFV VXPPDU\ W
composite of all the data bursts in the
map. This can be seen graphically in

the constellation trace of Figure 15,
where BPSK (pilots), QPSK, 16QAM

and 64QAM constellations are overlaid,
along with small circles as targets for

the symbol states. Note that the color
coding for data bursts is consistent
EHWZHHQ WKH =RQH 'HoQ
and all of the analyzer displays.

Figure 15. Using the example downlink map file (recalled as part of the setup file
provided) causes all data bursts to be measured and displayed. Note the display of
multiple simultaneous modulation types in the constellation diagram.
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Basic Digital Demodulation (continued)

Data burst analysis can be used to One diagnostic clue for the proper

display and analyze single data bursts FRQo0JXUDWLRQ RI D WUDQVPLWWHU RU RI WKH
RU VHOHFWHG JURXSV 7R=WRHHHFWILWSESROLOFLG-PDS LQ WKH DQDO\]
GDWD EXUVW FOLFN WKHer R télabstod@ b\syniRd@s at the cen-

Grid, or click the Burst name in the list ter or origin of the constellation when

ER[ DERYH WKH PDS 7KH @dasihgedBinNnK gnals. Symbols in

the burst name, modulation type, and this location indicate that the analyzer

boost level. After selectingadataburst LV H[SHFWLQJ D PRGXODWHG VXEFDUULHU DW
for analysis, you will see the analyzer a frequency where it is receiving little

GLVSOD\V FKDQJH WR U H pddfowighdlkehergyHThi¥ phdrtei@enon

characteristics and data of the selected indicates that one or more data bursts

burst. The displays will generally beup- DUH FRQo0JXUHG WR H[SHFW ORJLFDO VXE

dated immediately after you make these channels or individual subcarriers which

changes, and it will not be necessary are not being transmitted. You can
to acquire new data. For bursts such GLDJQRVH WKH VSHFLOFV E\ FRXSOLQJ WKH
as these, where the modulation format  analyzer’s markers, setting the marker
is different for each one, the easiest on one or more of the center constella-
way to see the change is to watch the tion symbols, and determining whether
constellation display. the symbols are all associated with
VXEFDUULHUV ZKLFK FDQ EH LGHQWLOHG ZLWK
To select and measure multiple data VSHFLoF ORJLFDO VXEFKDQQHOV

bursts at once, press the Ctrl key while

clicking the desired data bursts. To se-

lect all data bursts, right-click the Data

%XUVW OLVW ER[ RU WKH =RQH '"HoQLWLRQ
Grid, and click Select All.
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Basic Digital Demodulation (continued)

Up||nk modulation qua”ty modulated with BPSK). Using the vec-

measurements of a uniform tor measurement techniques described
earlier in this note, we can see that the

ER[jV )RUPDW WDE 7KHQ XVH Wi

to Standard function, also on the For-

mat tab. The result shown in a typical

S|gnal subframe in this recording is 24 OFDM  4-trace digital demodulation display
7KLV H[DPSOH RI XSOLONWBBBOVWLRHY & IXWIK DS S dfef atkdsvalih@ is i@ in Figure 16.

WKH H[DPSOH XSOLQN UHHaolpewenand there ig i preamble.
ULPuscUniform Q64.sdf, supplied with  In IEEE 802.16 OFDMA, uplink signals
the 89600 VSA software. Again, before do notinclude preambles.

recalling this signal, it is a good idea to

perform a Preset > Preset Setup. This  As with the previous measurement,
uniform signal occupies all of the slots ~ begin digital demodulation by select-

in the zone, which means that all of ing the OFDMA digital demodulation
the OFDM subcarriers are active and ~ mode in the 89600 VSA, and choose
modulated with same type of modu- the appropriate Uplink Subframe type

ODWLRQ H[FHSW IRU W K Hn tBe Rergguatigneropgties diglog

Figure 16. A uniform 64QAM uplink PUSC signal incorrectly demodulated with the

While the constellation is clear, the er-

URU YHFWRU VSHFWUXP DQG WK
for the unmodulated carriers indicate
that the default digital demodulation
FRQOJXUDWLRQ LV QRW HQWLUH

Fortunately, there are indications of a

ZD\ WR FRUUHFW WKH DQDO\]JHU
ration. First, the constellation shows

that carrier lock and symbol lock have

default settings, (including the performance of data burst analysis). Note the difference

between the RCE (EVM) and UnmodRCE values in the Sym/Errs table.
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Basic Digital Demodulation (continued)

been achieved. Second, the use of data Data RCE, Pilot RCE, and UnMod RCE.

burst analysis (the default in the Preset By turning off Use Default Settings

to Standard operation) is not needed and Include Inactive Subchannels on

when analyzing a uniform signal. How- the Advanced tab of the Demodulation

ever, before we switch off data burst Properties tab, the trace error displays

analysis, it is useful to notice several appear more congruent with the error

things about the constellation and the  data values being displayed in the

Syms/Errs table. The constellation is Sym/Errs table.

clearly locked to something, although

FRORU FRGLQJ LQGLFDWHW\RE PDRLOQERXWKHRWKHU SDUDPHWHUV RQ

pilot and data locations. In addition, this tab as well, including directing
the error vector time trace is very the analyzer to auto-detect modula-
high, while the numerical error data tion format, or manually setting the

(RCE) reported in the Syms/Errs table  modulation format for uniform signals.
LV TXLWH ORZ q ZLWK R QFbrHUirstrignals, RoQ cawéither let the
UnmodRCE data (representing the RCE analyzer automatically detect the mod

of unmodulated carriers). ulation format, or force it to use the

modulation formats described in the
The reason for this result can be EXUVW GHoOQLWLRQV 1RWH WKDW WKH DQDO\]
seen by going to the Advanced tab HU ZLOO DWWHPSW WR XVH WKHVH GHOQLWLRQV

of Demod Properties. The analyzer’s whether they are correct or not.

default settings for several parameters

are different for UL and DL signals. For To correctly view this uniform signal,

UL signals, the default is to include all  however, we need to turn off Data

inactive subchannels in all traces. In %XUVW $QDO\WVLYV $V EHIRUH WKH =RQH

the Sym/Errs tabular data, the errors '"HOQLWLRQ WDE RQ WKH 2)'0%$ '"HPRG

are always broken out by carrier type: XODWLRQ 3URSHUWLHY GLDORJ ER[ LV WKH
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Basic Digital Demodulation (continued)

place to deactivate Data Burst Analy-
sis. The analyzer defaults to automatic
detection of the 64QAM modulation
type. Since the analyzer typically is
able to update demodulation results
even when recording playback is in the
paused mode, the effect of the change
VKRXOG EH LPPHGLDWH
are shown in Figure 17, with error vec-
tor time and spectrum displays set to
0.1%/division.

This signal is a digital simulation and
has virtually no error, and the demod-
ulation results are now correct. This
uniform uplink signal is a relatively
straightforward signal to analyze, as

it uses only one type of modulation

for the data carriers for a single data
LB R &0 dbeld hbVicDde & preamble
or FCH.

Figure 17. A uniform 64QAM uplink signal, correctly demodulated after Data Burst
Analysis is switched off. The analyzer automatically detects the single type of data
modulation.
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Basic Digital Demodulation (continued)

For the analyzer or a receiver, de- recovered PRBS seed result is present-
modulating uplink subframes may be ed on the Sym/Errs table. The user can
a challenge for several reasons. First, decompose this 11-bit Status value
the lack of timing, frequency synchro- into a Frame Number and IDCell for the
nization, and equalization information 8/ LQ RUGHU WR FRQoUP WKDW WKH VHWWLQJV
that might be provided by a preamble PDWFK H[SHFWDWLRQV $ VPDOO LQGLFD
requires more complicated synchro- tor (“*") is provided if the software
nization algorithms, with receivers detects a mismatch between the PRBS
DVVXPLQJ VSHFLoF SLO R WeqOdRdeRM thR §iipPa@dd/et a fur-
values. Second, settings for the frame  ther indicator (“?”) is presented if the
QXPEHU LQGH[ DQG WKH iBIGDP sdftwars eannot uniquely iden-
(PUSC, FUSC, etc.) must be correctto tify the PRBS seed. This may indicate
provide the receiver with the accurate DQ LQFRUUHFW 35%6 JHQHUDWRU RU LQVXIlo
pilot locations and values that are cient data to deduce the PRBS. Since
essential for demodulation. the PRBS determines the carrier and
pilot positions, a correct PRBS is vital
Incorrect frame numbers will not gen- to even beginning measurements. This
erally produce recognizable constel unique 89600 VSA software capability
lations, though the constellations may  can help you troubleshoot your early
QRQHWKHOHVYV H[KLELW é&&dpmemnt EfRIQanH D Owbrking
digital modulation characteristics. design as quickly as possible.

To help with UL synchronization the
89600 software will demodulate a
signal even if its PRBS is incorrect. The
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Basic Digital Demodulation (continued)

Up|ink modulation qua”ty in the OFDMA Demodulation Proper- In the constellation display of Figure

measurements of a burst WLHV GLDORJ ER[jV )RUP DBMh&\sghal (& Ietj:)@f\_ls[g@al) from
trace B from spectrum to error vector the unused subcarriers is shown by

(nonumform) Slgnal time produces a display similar to that ~ symbol states and a symbol target at

7KH QH[W GLVFXVVLRQ RPIEOUEePDO GHPRG the center of the constellation dia-

ulation of an uplink signal will use the gram. Indeed, the ideal location for the

H[DPSOH XSOLQN UH F R U GAfter pwiitching tp ghg uplink subframe  symbols associated with unused OFDM

10MHz.sdf supplied with the 89600 type, the analyzer has defaulted to VXEFDUULHUV LV WKH H[DFW FH
96% VRIWZDUH 7KLV H[DPRBOMNVXUHFHQW RI WKH o Ucdiwte]lRiQritidgia idmifying that

describe data burst analysis, though subframe; a PUSC zone. The analyzer no power is transmitted on these un-

analysis is simpler on the uplink signals is automatically detecting the modula-  used subcarriers and their associated

due to the presence of a single data tion type of the single data burst in this  logical subchannels. Power transmitted

burst in this signal. JRQH DV VKRZQ E\ WKH =éhGhese subchannelshvQuld tend to

WDE $0OVR RQ WKH =R Q H intdrée@elvithLrec@ptidhdEntended
‘H ZLOO XVH WKH VDPH VAREDD®YHH WKH =RQH 'Hrar@ri¥éibi @Qn tHeédeGrequencies

used earlier for downlink analysis: which shows that the data burst is in by other mobile stations, especially in
i80216e_10MHz.set. Again, prior to kZUDSSHG IRUPDWY FRYHNOQOQDYWRKBBONWHDU IDU FRQO0JX
UHFDOOLQJ WKH VLJQDO ﬁ@y@bgle\pf/the spfrrge gl [does transmitters and receivers. In uplink

you should Preset Setup to avoid not use all of the logical subchannels. measurements, the 89600 VSA de-

having previous settings contaminate Therefore, many of the OFDM subcar-  faults to a measurement of EVM which

the new setup. After recalling the riers are not used for this burst and includes the contribution of unused

L HB 0+] VHW VHWXS ccoufl beysgdroy ether bursts. subchannels. The 89600 VSA automat-

the appropriate Uplink subframe type ically reports RCE (EVM) of unmodu-

lated carriers in its Syms/Errs table.

Figure 18. Demodulation of the PUSC zone of a 16QAM uplink signal. The constellation
diagram also includes the BPSK pilots and a central symbol target for subcarriers not
used by the mobile station.
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This is in some ways similar to a noise 15 symbols. Then switch back to the

power ratio measurement or code =RQH '"HOQLWLRQ WDE DQG FOLFN =RQH
domain error. Where it is desirable to the OPUSC zone in the list of selected

view only the active subchannels asso- zones. The analyzer will now use its

ciated with the selected data burst, the pulse search algorithms to locate the

GLVSOD\ FRQ0JXUDWLRQ RbQ@st &hdrlkeb d@@lhid 15 symbols to

E\ FOHDULQJ D ER[ RQ W Kehi$iBeraDalysisHdbthe/@PEISC zone,

of the OFDMA Demodulation Proper- as shown in Figure 19.

WLHVY GLDORJ ER[ ODEHOHG ,QFOXGH ,QDFWLYH

Subchannels in EVM.

This signal contains two zones: 15

symbols of PUSC, and 6 symbols of

OPUSC. Measuring the OPUSC zone

LV VOLIKWO\ PRUH FRPSOH[ EHFDXVH WKH
DQDO\]HU H[SHFWV WKH 2386& JRQH

to be located at the trigger location

chosen by the pulse search algorithm.

Instead, the PUSC zone begins at that

time. So, to measure the OPUSC zone

the analyzer must be set to skip the

oUVvw VIPEROV RI WKH 386& JRQH 7R
do so, go to the Time tab of OFDMA

Demodulation Properties and select

Manual Sync Search, with an Offset of

Figure 19. Measurement of the 6 symbols of the second (OPUSC) zone of the same
uplink signal as used previously in Figure 18.
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Basic Digital Demodulation (continued)

Common problems and
troubleshooting approaches
for “uniform” measurements

Both the IEEE 802.16 OFDMA standard

may be a problem with incorrect pilot
locations on a downlink signal, either
due to an incorrect offset value (on

surements such as those described in
the time and frequency (vector) domain
section earlier in this application note

WKH =RQH 'HoQLWLRQ W DrisayRbe Wi irRdetesnining the
'"HPRGXODWLRQ 3URSHUWHHNF@®LDOREIDERI[LHU VSDFLQJ DQ

DQG WKH VLJQDO LWV H O 1013hg Rilot Ir¢atipm mpyroe Based[on a

from an RF physical layer standpoint
(RF bursting, multiple carriers, moving
pilots, multiple modulation types, etc.)
and from a baseband digital stand-

different interpretation of the standard
than that of the 89600 VSA.

Symbol constellations appear to have

SRLQW SUHDPEOH LQGH [Mngar-tardom ketgsitpategrn. This

bitmasks, permutation functions, etc.).
There are, therefore, many possible
causes of demodulation failure includ-
ing uncertainty and confusion over the
correct interpretation of the standard
itself. As an aid to troubleshooting, the
following are some typical demodula-
tion results, along with suggestions as
to possible causes.

Low “Sync Corr” (sync correlation; see
the table in the Syms/Errs trace data
type) value and possible demodulation
failure. An incorrect preamble value on
downlink signals may be the cause. The
SUHDPEOH LQGH[ PD\ EH
may be selected based on a different
interpretation of the standard than that
of the 89600 VSA.

type of constellation on an uplink
signal suggests that the pilot symbols
were not detected for synchronization.
Causes are similar to the previous
phenomenon, including mismatched
setup parameters and differing inter-
pretations of the standard. Successful
demodulation may be possible by

EDQGZLGWK RI D VSHFLoF VLJQD

Pulse search failure. A variety of condi-

tions may cause this error enunciator to

appear (typically along with demodula-

tion failure). You can disable the pulse

search function in digital demodulation

DQG FRQoJXUH D WULJJHU DV D
The trigger may be internally gener-

ated using an IF magnitude value and

appropriate holdoff and delay values,

RU HIWHUQDO WULJJHUV PD\ DO
available.

H[SHULPHQWLQJ ZLWK SDUDPHWHUV VXFK
DV 21IlVHW DQG 3HUP%DVH LQ WKH =RQH
'"HOQLWLRQ WDE WR 0QG D PDWFK ZLWK WKH

signal.

Noisy constellations with a large
symbol clock error (SymCIKErr, see the
tableir theSymsAErrRiigee data type),
or unlocked measurements. These phe
nomena may be caused by incorrect
values of the Bandwidth (or Nominal
BW if set manually) value in the Format

&LUFXODU V\PERO FRQoJeb o the @FOMADRapdulation Prop-

phase tracking is turned on (see the Pi-

HUWLHYV GLDORJ ER]

ORW 7UDFNLQJ ER[ RQ W kpteginey PV carngrspacing, and

BPSK symbols not colored as pilots
while QPSK/QAM symbols are. This

it should be set as closely as possible
to the actual value. Subcarrier mea-

7KH EDQGZLGWK YDOXH
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Basic Digital Demodulation (continued)

Common problems Symbol constellations appear to have
and troubleshooting a near-random “cloud” pattern. This

hes for “d b ) type of constellation on an uplink
approaches for “data burst signal suggests that the pilot symbols

measurements were not detected for synchroniza-

tion. Causes are similar to those for

the uniform measurements, including

mismatched setup parameters and dif-

fering interpretations of the standard.

Successful demodulation may be pos-

VLEOH E\ H{SHULPHQWLQJ ZLWK SDUDPHWHUYV

8QH[SHFWHG PRGXO0DWLRYC paPHeeh(d PeifpBase in the 5
noise) appear in the constellation =RQH '"HoQLWLRQ WDE WR 0QG D PDWFK ZLWK

where other modulation formats are the signal. This situation is essentially
H[SHFWHG ,QFRUUHFW sﬂrﬂgﬁrMBW'{oﬁ'b“ e"’;surefge“t
parameters on downlink signals may mode measurements performed on

be causing zone parameters to be uplink signals, as described previously.

mismatched or the parameters may be
based on a different interpretation of
the standard than that of the 89600
VSA. The PRBS Status on the Syms/
Errs table can provide information on
what was actually decoded, including
such parameters as the PRBS seed,

ID cell, segment, PermBase, PRBS_ID,
and much more. In addition, it may

be helpful to try the P802.16 OFDMA
(Cor1/D2) standard mode, selected
from the Format tab in the OFDMA
'"HPRGXODWLRQ 3URSHUWLHY GLDORJ ER]J

The suggestions above for uniform
measurements are also applicable to
data burst measurements. In addi-
tion, the following approaches may be
helpful.



44 | Keysight | IEEE 802.16e WiMAX OFDMA Signal Measurements and Troubleshooting - Application Note

Advanced Digital Demodulation

The last step in our measurementand  Some of these analysis techniques take
troubleshooting sequence is the most DGYDQWDJH RI VSHFLoF FKDUDFWHULVWLFV
SRZHUIXO IRU 0QGLQJ D QuBthe BEDWIX sign@lJincluding the
problems that are either subtle or are built-in equalization training sequences
PRUH FRPSOH[ WKDQ W K RavdHil6t lcat fiexsVSoh&other types of
so far. more advanced signal analysis primar
ily involve display and measurement
The analyzer provides a variety of spe- types particularly relevant to these
FLDOL]JHG GHPRGXODW L RQFBNRAGigdatsUsDal &sRi@ data burst
for more advanced analysis, including  information table and channel fre-
GHPRGXODWLRQ RI VSHFLIOFHFEY WHRGR@YH DGMDFHQW GLIITHUHQFH
WKH VLJQDO DQG DGMXV WispyQW RI PDQ\
different demodulation parameters.

Table 5. Advanced demodulation operations provide more sophisticated and specific measures of signal
characteristics and impairments.

¢ Frequency, d R Basic Advanced and
requency an - digital demod specific demod
time
Get basics right, find major Signal quality numbers, Find specific problems and
problems constellation, basic error causes

vector measurements

L]

— Demod by carrier or
symbol or both

— Select pilot tracking
types

— Select carrier,
timing

— Preamble (equaliza-
tion) analysis

— Cross-domain and
cross-measurement
links

— Demod parameter
DGMXVWPHQWV

— More time capture
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Advanced Digital Demodulation (continued)

Advanced displays

Equalization and channel
frequency response

As shown previously in both vector and
basic digital demodulation measure-
ments, downlink subframes include

a preamble with a time length of one
OFDM symbol. The preamble is com-
posed of every third OFDM subcarrier,
with one each transmitted at equal
amplitude. In addition to its use by
subscriber unit receivers, this preamble
is very useful for diagnostics by the
89600 VSA.

Adaptive equalization is required by the
WIMAX standards and is normally used
to compensate for linear errors such as

cy response of a system. In contrast,

noise, intermodulation, and the effects

RI DPSOLoOHU FRPSUHVVLRQ DUH QRQOLQHDU
forms of distortion, and are not cor

rected by adaptive equalization.

Similar to the receiver in a subscriber

unit, the 89600 VSA uses the preamble

WR FDOFXODWH FRHIOFLHQWYV IRU LWV DGDSWLYH
HTXDOL]HU DQG WKHVH oOWHU FRHIOFLHQWYV
are very useful for troubleshooting.

In addition, (in contrast to the typical

subscriber unit receiver) the 89600

VSA software allows the adaptive

equalizer to be trained on either the

preamble or on the entire subframe,

including the preamble. Including

both the preamble (also called the

channel estimation sequence) and the

subframe data improves the channel

DPSOLWXGH DQG SKDVH phWidkbh ¥stihbe ald i alled

in the transmitters or in the transmit
channel. When measured directly at
the output of a transmitter, typical
causes of error include baseband or IF
oOWHULQJ HUURUV DQG
compensation.

These errors may be caused by mul-
tipath or by tilt or ripple in the frequen-

data-driven equalization. The improved

channel equalization estimate has the

GXDO EHQHOWYV RI W\WSLFDOO\ PRUH DFFX
rate modulation quality results and a

h& R Bt e channel

frequency response for display and

analysis.
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Advanced Digital Demodulation (continued)

JRU WKH GHVLJQ HQJLQH EyesporBdsniRol disptia@ed in terms  depending on which Equalizer Training

HoW RI HTXDOL]DWLRQ L\ofphkse ¥ WEIK &b dhdwwi k@aWeC, parameter is selected. This training

FDQ EH YLHZHG TXDQW L evhe® pageGs sHl&cke@as the data FKRLFH LV DYDLODEOH DV FKHFN
XVHG WR 0QG WKH VR XU Férnatl Thednalyaét Pavi also display  on the Advanced tab of the OFDMA

Using the same nonuniform downlink the impulse (time domain) response '"HPRGXODWLRQ 3URSHUWLHV GL
PUSC signal (i80216e_DL10MHz.sdf) RI WKH oOWHU LW FUHDWH Q GVRDN TUXD/XIGW WB H/ LIJQLOoFDQV
as in previous digital demodulation channel, and this is shown in trace modulation quality results, depending

PHDVXUHPHQWY \RX FD QDA&6edOFDM Eq Impls Resp. This RQ WKH VSHFLoF VLJQDO LQYRO

the analyzer to show the equalization impulse response result may be more WKH VLIJQDO UHFRUGLQJ XVHG D

results in a variety of different ways as  useful than frequency response in ple here is of high quality and does not

shown in Figure 20. some DSP design efforts. KDYH VLIJQLOoFDQW PXOWLSDWK
of the change in equalizer training is

The equalization results are shown in As mentioned previously, the analyzer’s to change the measured modulation

VHYHUDO GLIITHUHQW IR U®&j\allz€ cahtoe Waineldob the pre- TXDOLW\ 5&( (90 IURP DSSURJLI
The equalizer channel frequency amble (channel estimation sequence) —49 dB to —52 dB depending on which

response in log magnitude form (trace  or on the entire subframe including mode is chosen, though all indicate

B) is perhaps the most familiar. This both the preamble and the data, or very low levels of error. The effect on

is the combined amplitude frequency on the channel estimation plus pilots. the equalizer display traces is corre-

response of the channel and the trans-  Since an uplink signal has no pream- spondingly slight.

mitter, displayed against the OFDM ble, the analyzer uses either the pilots

carrier frequency number. The frequen or a combination of data and pilots,

Figure 20. Channel frequency response amplitude (lower left) and phase (upper right)
and equalizer impulse response (lower right) derived from adaptive equalizer trained on
downlink preamble.
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Advanced Digital Demodulation (continued)

Channel frequency response  using the same downlink recordingas ~ 7KH DGMDFHQW GLIIHUHQFH UHV
DGMDFHQW GLIIHU Il’l"'é L’§qq pr.eV|oust for the equaliza- affected by the selection of data bursts
tion discussion. for analysis. Where data bursts do
Analyzer equalization results can be QRW LQFOXGH WKH XVH RI VSHFL
displayed in a variety of ways. Where JRU WKLV PHDVXUHPHQW sutKrHerd, hdh &z €) Werpolates
WKH VSHFLoF LQWHUHYV Wdiff¥rehde r¥éidtslafe BridwiAn¥everal between known data points in creating
of subcarrier-to-subcarrier (or equiv- ways. The top trace is the result of the display. This is shown in the lower
alently, FFT bin-to-FFT bin) variation,  using only the preamble (channel esti-  trace of Figure 21 where only burst 3
WKH &K)UHT5HVS$GM 'LIInAtididedlieddePr@trdinthe equaliz-  of the downlink subframe is analyzed.
useful. This trace is derived from the er. Accordingly, information is available This burst uses 10 of the 30 logical
adaptive equalizer’s channel frequency for only every third OFDM subcarrier. subchannels, resulting in a sparser

response trace and therefore is affect-  Using the entire data portion of the GDWD VHW IRU WKH DGMDFHQW (
ed by the choice of equalizer training subframe adds to both the information  calculations and the corresponding
data as described above. input and output of the equalization results.

algorithm, as shown by the improved
([DPSOH UHVXOWYV RI WK lfréqudrdyr&sidiuién SHhéniddle
shown in the three traces in Figure 21, trace.

Figure 21. Channel frequency response adjacent difference measurements. Trace A
results are calculated from the preamble only. Trace B results are calculated from the
entire subframe, and trace C results are calculated from channel estimation sequence
and data for data burst 3 only.
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Advanced Digital Demodulation (continued)

Data burst information table FCH. Reported values for each data

A new display associated with IEEE burst include the format, the burst

802.16 OFDMA measurements in the size (length), average power, and the

89600 VSA is the OFDM Data Burst average error (RCE, in dB) of the entire

Info table. This is both a measurement  signal or the data subcarriers only

data type and an associated display (DataRCE).

IRUPDW ([DPSOH UHVXOWY IURP WKH QRQ

uniform downlink PUSC recording are  Like the rest of the displays available

shown in Figure 22. when in data burst analysis mode, this
WDEOH UHpHFWYVY RQO\ WKH UHVXOWYV RI WKH

This display is used when in the data data bursts selected for analysis.

burst analysis mode, and is most useful

when you are measuring multiple

data bursts. It provides a list of the

subframe’s data bursts, including the

Figure 22. The Data Burst Info trace lists the FCH and all
measured data bursts in the subframe, along with their
size, power, RCE, and the RCE of selected data bursts (if
display space permits).
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Pilot tracking

In much the same way as for IEEE
802.11a OFDM and IEEE 802.16-2004
WIMAX, IEEE 802.16 OFDMA demod-
ulation is performed relative to BPSK
pilot carriers which are embedded in
the signal. These pilot carriers replace
data-carrying elements of the signal
and allow many impairments to be
dynamically removed or “tracked out.”
The pilot carriers are transmitted con-
tinuously throughout the data portion
of the subframes, though their location
varies according to permutation
functions. The pilots for some logical
subchannels will not be present for
every symbol of every data burst.

Many signal impairments will be com-
mon to all pilot carriers, and can be
measured and displayed as “common
pilot error.” This parameter is reported
as part of the Symbols/Errors trace
data.

,Q DGGLWLRQ WKH VSH F kigralsV A @miNdnQypelof Qdgnal

tions can be individually switched on

impairment is varying signal amplitude

and off in the demodulation performed during a subframe. Signal changes

by the 89600 software. This is a very

such as variable subcarrier occupancy

useful troubleshooting approach, since and modulation type over different
PRGXODWLRQ HUURUYV F Ddatabbhirsts cBrPcda@ el R and micro-
ZLWK DQG ZLWKRXW WK Hwaue Qrduit¥\to RHar)® ternvger&ture

ular types of pilot tracking.

Three types of tracking are avail-
able: Amplitude, Phase, and Timing.
Selection of tracking parameters is
accomplished on the Advanced tab of
the OFDMA Demodulation Properties
GLDORJ ER]
Use Default Settings), as shown in
Figure 23.

Amplitude tracking (default for the
89600 VSA is Track Amplitude Off for
downlink signals and On for uplink

and gain during a subframe. For sub-
scriber units, the combination of trans-
mit and DSP power may cause ampli-
tude droop. When Track Amplitude is
selected, the tracking results can be
analyzed by viewing the magnitude
portion of the Common Pilot Error data

DIWHU F O H Dtype (BlichMekrdts EdrId b&isblated by

comparing the peak error symbols with
their location in the constellation and/
or their location in the subframe.

Figure 23. Pilot tracking parameters including amplitude, phase,
and timing can be selected in any combination on the Advanced
tab of the OFDMA Demodulation Properties dialog box.
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Advanced Digital Demodulation (continued)

Phase tracking (default for the 89600  6\PERO WLPLQJ DGMXPW RIS®WLOF DQG IUHT:>

VSA is Track Phase On). Operation is VSHFLOF PHDVXUHPHOW\
VLPLODU WR DPSOLWXGH WG9rmetgitheapglyzergsymbol Q
that the analyzer demodulation tracks ~ demodulation within the interval You can use a large variety of

the phase of the pilot carriers. Close-in GHOQHG E\ WKH 2)'0 VIPERQ SIP XS WHHBF UHOPWLYH WR W

SKDVH QRLVH IRU H[DPsdﬁDHﬁd-QWHLhYDO LV D G Mo/ WihieiS, fraMbel, Yiftridéts) and
moved or tracked out by phase track- D GLDORJ ER[ LQ WKH $SGYBRTXFQWPTIHFLOF 2)'0 VXEFDL

ing. As with amplitude tracking, when  the OFDMA Demodulation Proper- or logical subchannels) analysis con-

phase tracking is selected, the tracking W LHY GLDORJ ER[ JRU WiHxy DWIBRQV WR 0QG SUREOHPYV

results can be analyzed by viewing the this positions in time the FFT used their causes. In IEEE 802.16 OFDMA,

phase portion of the Common Pilot IR U G HPRGX O DWLRQ 1R Yaady GdefuFm¥asdethents are both

Error data type. position is called out in the standard, | pH VSHFLoF DQG IUHTXHQF\ V
and different timing settings will affect pv zH zL00 VHH L Q WKH H[DPSO

Timing (default for the 89600 VSA is measured modulation quality. In par- follow.

Track Timing Off for downlink signals ~ WLFXODU LI 00WHU ,6, RU PXOWLSDWK DIIHFWYV
and On for uplink signals). When Track the guard interval, certain symbol tim- 7KHVH WHFKQLTXHV FF-DQ KHOS |

Timing is selected, the analyzer applies ing setting_s will provide much better SOH 0QG VXEWOH GHIHFWYV VXFI
pilot subcarrier timing error correc- demodulation results than others. errors or impulsive interference that

tion (frequency offset correction) to RQO\ DIITHFW D VSHFLoF FDUULHI
the pilot and data subcarriers. Timing DW D VSHFLoF WLPH RU RYHU D \
errors may be caused by oscillator interval.

frequency errors or DSP errors such
as an improper number of samples in
the guard interval. It is useful to keep
in mind that both analog and digital
(DSP) mechanisms can cause timing
problems. DSP defects such as an
improper sample rate can also affect
relative timing in the subframe. One
useful troubleshooting technique is to
observe changes in common pilot error
when timing tracking is enabled.
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Advanced Digital Demodulation (continued)

&XVWRPL]LQJ D =R @thhis bpinitds Insfip¢tive ©Qchoose
Grid map for measuring a single data burst and modify its zone

individual d . map to see the measurement results in
Individual data regions the time and frequency domain (error

7KH SURFHVV IRU LQGL Y LVesfoptone andeirergyectpuspec
JRQHV RU FRQOJXULQJ D MBKPPDRIRWKLV H[DPSOH =RQH ZLOO
data burst analysis can be bestunder EH PRGLoOHG VLQFH LW GRHV QRW FRQWDLQ D
stood by beginning with a known signal Preamble or UL/DL maps and is there-
and its associated map. We will use fore simpler to edit. You can do this
WKH VDPH H[DPSOH G R z Quaphice!ly oM Hickigthegegit Map
supplied with the 89600 VSA software  Files, and then From Setup buttons to
as was used previously for data burst ~ bring up the OFDMA Map File Editor.
analysis: i80216e_DL10MHz.sdf. Asbe J)URP WKH '"RZQOLQN =RQHV VHFWLRQ FOLFN
fore, remember to Preset Setup before =RQH DQG WKH (GLW EXWWRQ 7KLV ZLOO
recalling this signal, and its associated bring up a display of the zone 1 map,
VHWXS oOH L HB 0+] Vwhigh will look different from the zone
0 map that you may have already been

$IWHU UHFDOOLQJ WKH VReasN'®gohere yourranoeletr detawy

analysis is enabled and all of the data EXUVW 4%0 PLGGOH EXUVW W\SL
bursts are selected for measurement  cally colored green). Simply click any-

DQG GLVSOD\ <RX FDQ Y wherelin taejburst te highljght it and

DPLQLQJ WKH =RQH 'Ho Q Lcligh tRegPelate Byirss pugon. When

DW WKH ERWWRP RI WKH teedgrst is geleotedyeucean verify its

tab of the OFDMA Demodulation Prop- hame and the type of modulation in

HUWLHV GLDORJ ERJ[ DQ Gthe Russtarea apthenpperyighyof the

RXWOLQHV RI DOO GbWw D dsrlayvGicl O ang @ases Rs needed,

LQJ 7KH JRQH GHoQLW L RiQretusngo the displpy®ithe OFDMA

that the FCH data burst (upper left) '"HPRGXODWLRQ 3URSHUWLHV GLDORJ ER]
is composed of 4 logical subchannels 7KHQ TURP WKH 6HOHFWHG =RQH DUHD RI
with a duration of 2 OFDM symbols. the OFDMA Demodulation Properties

$Q DSSURSULDWH JRQH GR6BORIFERPOPbEM =RQH WR VHOHFW LW IRU
for the other data bursts in this signal ~ analysis.

has been provided with the analyzer’s

VHWXS oOH DQG \RX FDQ VHOHFW WKLV E\

VHOHFWLQJ WKH 8VH 0DS )LOH ER[ WKLYV

selection has already been performed

E\ WKH VHWXS o0OH
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Advanced Digital Demodulation (continued)

Now, select only burst 2 for analysis by You will see from the error vector time
FOLFNLQJ %XUVW LQ W HigplayDvatDnBoXdyrabils Arevbding
on the OFDMA Demodulation Prop- analyzed, and from the error vector
erties tab or by clicking anywhere in spectrum display you will see that only
the graphical representation of burst a portion of the OFDM subcarriers are
RQ WKH =RQH 'HoQLW L RIingWised foltbeEselettdd \data burst.
WKH ERWWRP RI WKH G L DIbRQFEMRYubcaKier Yapulation may

Of course if the goal of the measure-

ment was to analyze only burst 2 of

zone 1, these parameters could have

been selected directly from the OFD-

MA Demodulation Properties dialog

ER[ ZLWKRXW HGLWLQJ WKH JRQH
technique described previously would

changes take effect immediately. be viewed in greater detail by using QRUPDOO\ EH XVHG WR PDQXDOC
Note that only 16QAM modulation the Select Area marker tool (chosen zone maps to match the signal under

now shows in the constellation display  from the marker toolbar or by selecting WHVW RU WR H[SHULPHQW ZLWK
(along with the BPSK pilots). Your Markers > Tools > Select Area) and signals to learn their structure.

display should be similar to Figure ; D[LV VFDOLQJ WKH HUURU YHFWRU VSHF

24, where traces B and C have been trum trace, focusing on perhaps the
changed to error vector time and error  center 20% of the trace, by drawing a

vector spectrum, respectively. ER[ DQG FOLFNLQJ 6FDOH ; 7KH WUDFH FDQ

be returned to full scale by selecting it
and then Trace > X Scale and clicking
Full Scale.

Figure 24. Data burst measurement of a single burst from a downlink FUSC signal.
Burst 2, with 16QAM modulation has been chosen for analysis.
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Advanced Digital Demodulation (continued)

7KH QH[W VWHS LV WR H[3sH the mdelise\o click\ahnid drag now 3 symbols long, and the OFDM

UH GHoQLQJ WKH GDWD Eddagovialy WoiR cbr@QdF © Xdenldr subcarrier population (representing

fewer logical sub-channels and/ WR UH GHoQH EXUVW E\aBEibgieDogidalgubdarrier) is much

or fewer symbols. Follow the same rectangular region with a “height” of more sparse. Since all the subcarriers

procedure to again bring up the Edit one logical subchannel and a length QRZ GHoQHG IRU WKLV EXUVW DL
'"RZQOLQN =RQH '"Ho QLWL Rf@ s§yDi®IsGdnipadéetre within the modulated with the right format for the

ER[ J)URP WKH =RQH 'H o QdraViduR RoudBries Bflburst 2. Click selected duration of the new burst, the

Demodulation Properties, click Edit OK and Close, as needed, to returnto  error parameters should all be low, as

Map Files > Edit (with i80216e_10MHz the display of the OFDMA Demodula-  shown in Figure 25.
VHOHFWHG &OLFN =RQHWLRQ BURSHYNWLHY GLDORJ ER[ VHOHFWLQJ
=RQHV DQG FOLFN (GLW YeQuwhewdske®if FoD anito reload

WKH JRQH PDS RQ E XUV Wig80216% KeMidzRAiekburst 2 to select

EXUVW <RX ZLOO VHH WRDW\EWXKNWHZDY GHOoQHG EXUVW IRU DQDO
highlighted and blinking, and occupies  ysis. Note the differences in the error

VL] ORJLFDO VXEFKDQ QH &btot fnté dhd@rxou\RaoE $pEXtrum

of 4 symbols or 24 slots. traces. The measured result in time is

Figure 25. Data burst analysis of a portion of the original burst 2. The error vector time
(lower left) trace shows that only 3 symbols are measured, and the error vector
spectrum (upper right) shows the sparse OFDM subcarrier population representing the
one measured logical subchannel.
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Advanced Digital Demodulation (continued)

Now we can observe the result when

EXUVW LV GHOQHG ZLWK ORJLFDO FKDQ

nels beyond those actually transmit-

ted, and/or with a burst length which

includes a combination of symbols and

subchannels where inactive subcarriers

DUH DQDO\]HG )RU H[DPSOH H[WHQGLQJ

the time duration of burst 2 (beyond

WKDW SUHYLRXVO\ GHoQHG WR FRYHU DG

ditional symbols in this zone will cause

some inactive subcarriers (the equiv-

alent of noise) to be demodulated as

4%0 GDWD 6LPLODUO\ H[SDQGLQJ EXUVW

2 into logical subchannels previously

GHOQHG DV 430 IURP WKH GHOHWHG

burst 3) will cause these symbols to be

demodulated as 16QAM instead. The

UHVXOWLQJ ]JRQH GHOQLWLRQ JULG LV VKRZQ

in Figure 26, and the corresponding

measurement results are shown in

Figure 27.
Figure 26. This zone definition grid has been modified to explore the effects of incorrect
data burst length and demodulation type (16QAM instead of 64QAM). The demodulation
results are shown in Figure 27.

Figure 27. Incorrectly defining the zone map for data burst analysis causes large errors
where 64QAM (from an adjacent burst) is demodulated as 16QAM, and symbols for
inactive carriers are shown at the center of the constellation diagram.
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Advanced Digital Demodulation (continued)

Several results in all of the analyzer
displays are useful for troubleshooting
the kind of problems introduced in this

You can edit, save, and recall these
zone maps, and customize the asso-
ciated data burst analysis to verify

H[DPSOH 7KH FRQV W H O OtBeWrbjRQcoB1ho4iBdD Bf\a OREZ or

includes a number of 64QAM sym-
bols without targets in addition to the
H[SHFWHG
The 64QAM symbols will be analyzed
as 16QAM, resulting in much higher

to troubleshoot problems in the data
burst arrangement of a zone.

4$0 VI\IPEROV DQG WDUJHWYV

Note: The analyzer will remember
the (deliberately incorrect) zone map

HUURU 0JXUHV 7KHUH D UWHichl@2ay¥HbeeN tiedidw @eve even

(without a target) at the center of the
constellation diagram; this is a result
of demodulating parts of the zone
without active subcarriers.

The error vector time trace reveals

the same errors in a different way. The
average and peak errors climb sharp-
ly, starting at symbol 17, where data
transmission has actually stopped. A
related behavior is shown in the error
vector spectrum trace, where error is
either very high (64QAM or inactive
carriers demodulated as 16QAM) or
very low (16QAM demodulated proper-
ly and BPSK pilots).

after analyzer Preset and Preset to

Standard actions, so it is a good idea

at this point to reset the map to the

FRUUHFW YDOXHV IRU- WKLV H[DPSOH GRZQ

link signal. To do this, you will need to

GHOHWH WKLY PRGLOHG L HB 0+]

]JROH GHOQLWLRQ PDS 0OH WKHVH 0OHV

KDYH WKH HIWHQVLRQ k RPly DQG UHFDOO
WKH RULJLQDO SUHVHW oOH )J)URP WKH =RQH
'"HOQLWLRQ WDE FOLFN (GLW 0DS )LOHV
VHOHFW WKH L HB 0+] PDS oOH DQG

FOLFN "HOHWH 7KHQ UHFDOO WKH VHWXS 0o0OH
i80216e_10MHz.set and you will see

WKH JRQH GHOQLWLRQ PDS IRU =RQH

UHWXUQ WR WKH RULJLQDO FRQO0OJXUDWLRQ ZLWK
three data bursts.
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Advanced Digital Demodulation (continued)

OHDVXULQJ VSHFL odewiink réz¢HlingR(i80216e_DL10M-
symbol intervals Hz.sdf) supplied with the 89600 VSA

software as used above for data burst

7LPH VSHFLoF PHDYVXUH P &hIy¥i¥y ahtfor cdd@mizing a zone

essential element of troubleshooting map. If you have not already done so,

any system using time-varying signals  use the instructions at the end of the

such as pulsed/bursted transmissions, SUHYLRXV VHFWLRQ WR GHOHWH WKH PRGLOHG

TDMA techniques, variable power ]JRQH GHOQLWLRQ PDS oOH $V GHVFULEHG
levels or boosting, etc. For OFDMA, previously, perform the Preset Setup

GHPRGXODWLRQ RI1 VSHF lfunEtidh Qdt&lithQ \MCYrdiny, Bnd re-

subframe is a powerful troubleshooting FDOO LWV VHWXS oOH L HB 0+] VHW

technique, allowing clearer isolation of

errors and impairments, and therefore  \We will now use the recorded down-

a clearer view of their causes. The link signal (containing a PUSC zone

Time tab of the OFDMA Demodulaton |ROORZHG E\ D )86& JRQH WR H[SORUH
SBURSHUWLHYV ER[ LQ WKHWLPH &S RFIHEVPHDVXUHPHQWY $IWHU
VHYHUDO W\A\SHV RI WLPH WERHRLOFQDODMQG LWV VHWXS 0OH KDYH EHHQ

ysis within the digital demodulation recalled, select the appropriate zone
IXQFWLRQ &RPSDUHG ZLWIK QURHLRKOHFL9F0OH E\ VHOHFWLQJ WKH 8VH
vector mode analysis, the digital de- ODS )LOH ER[ RQ WKH =RQH 'HoOQLWLRQ WDE

PRGXODWLRQ IXQFWLRQ Bflthel OFOMALTe bdukafibR Moper-

EHQHoWYV LQ WKH DUHDV WILE¥@IHOREBRRFW LV DOVR D JRRG LGHD
searching, synchronization with frames WR FRQoJXUH WKH DQDO\]HU IRU WKH VDPH
and subframes, and alignment of mea-  combination of constellation, error

surements with OFDM symbol times. vector time, and error vector spee

In addition, the Time tab of the OFDMA  trum displays as used in the previous

'"HPRGXODWLRQ 3URSHUWHHPGOBIQRTKER[DQDO\]HU VKRXOG GHIDXOW
includes a graphic display showingthe  WR PHDVXULQJ WKH oUJVW JRQH LQ WKH VXE
relative timing of the measurementsvs. |UDPH =RQH WKH )86& ]RQH

the frame and zone timing.

JRU WKLV H[DPSOH ZH ZLOO XVH WKH VDPH
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Advanced Digital Demodulation (continued)

JRU D WLPH VSHFLoF PHDVXUHPHQW

relative to symbols in the subframe, it

is now only a matter of selecting the

Time tab of the OFDMA Demodulation

BURSHUWLHY GLDORJ ER[ )URP WKH VHWXS
0OH WKH DQDO\JHU VKRXOG EH FRQo0JXUHG
to select all of the data bursts for

analysis. If a single burst is selected,

the Manual Measurement Region (on

the Time tab) is limited to testing the

selected burst. The graphic diagrams

and entry areas of this tab are shown in

Figure 28.

I1RWH WKH 0JXUHV LQ WKH 7LPLQJ 'LDJUDP
portion of the tab. The result length

and its relationship to the OFDM frame

are shown at the bottom, while the

analysis region is shown at the top. The

default is for analysis of the entire 12

symbol (1.234 mSec) data portion of

the subframe, following the zone offset

of 1 symbol due to the preamble. ) i . )
Figure 28. The Time tab on the OFDMA Demodulation Properties

ialo X include, ctive timing diagram (derived from the
<RX . FDQ SHUIRUP D V LPS éjﬂawi‘déjrger%e%i%a%gupda?ed ag the Eneasurement
analysis of the subframe by selecting  ;onfiguration is changed) to help you visualize your signal for
the Manual Measurement Region check  gasier measurement setup.
ER[ DQG HQWHULQJ D PHDVXUHPHQW LQWHU
val of 4 symbols. With a measurement
offset of 0 symbols, the result will be
D PHDVXUHPHQW LVRODWHG WR WKH oUVW
symbols of the subframe, and a display
in the Time tab similar to Figure 29.

Figure 29. After selecting a manual measurement region with
a length of 4 symbols and an offset of 0 symbols, the timing
diagram reflects the actual measurement interval and offsets
in seconds. This is a clear graphic representation of the
measurement interval of 411.4 Sec and its relationship to the
total result length, frame, and zone length (1.234 mSec).
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Advanced Digital Demodulation (continued)

7KH DQDO\]HU GLVSOD\ ZTl@®ingR Riagrahp ohEA& Time tab

time in pre-demod traces selections

RQO\ WKH oUVW V\PEROWRD WHpHFWE WKH FK D Q hHedt @eWhieHiowdirPgting of the

IUDPH DQG IURP WKH P D atenv@llise®¥r alz@ation and dis-
see that these 4 symbols include the play of measurement results. Figure 30
FCH, UL Map, DL map, and a portion shows the resulting constellation and
of burst 1. Therefore, the only symbols OFDM Data Burst Info displays (trace
shown in the constellation are either C has been switched to this trace data
%36. RU 436. &ORVH H[D Ryp€).DNdId_tRaDwRIE all three bursts
the QPSK color-coding indicates that and pilots are visible in the constel-

signal, but only for pre-demod traces,

including Time, Spectrum, and CCDF.

This is useful for measuring character-

LVWLFV RI UHJLRQV ZKLFK DUH L
the portion of the waveform used for
PRGXODWLRQ DQDO\WVLV <RX FD
information on these and other se-

data from all four bursts are, in fact, lation and Sym/Errs table, no FCH or lections on the Time tab in the 89600

included. MAP data is included in the data burst 96%$jV H{WHQVLYH +HOS WH[W
information table. That is because the

Changing the Measurement Offset DQDO\JHU LV VNLSSLQJ RYHU WKH oUVW

to 4 symbols results in a measure- symbols which, according to the zone

ment of only the last 4 symbols in this  map, are where the FCH, and the UL

subframe and appropriate changes in DQG '/ 0$3 GDWD EXUVWYV H[LVW

the timing diagram on the Time tab.
Note the Measurement Offset data in The Manual Measurement Region

WKH GLDJUDP RI $ 6 H FseRttion aBd-ivelales additional
OFDM symbols. capability. For instance, the Pre-de-

PRG :DYHIRUP DQG ,QFOXGH H[WUD

Figure 30. Manually selecting a measurement region (time interval) of 4 symbols with

an offset (delay) of 4 symbols produces a result which does not include the FCH,

DL-Map or UL-Map. The lack of information for these data bursts in the Data Burst Info

table reflects this measurement configuration.
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Advanced Digital Demodulation (continued)

OHDVXULQJ D VSH F tyrically, arange of subcarriers, the
subcarrier or range of Subcarrier Select function on the Ad-

. vanced tab of the OFDMA Demodula-
subcarriers

7KLV H[DPSOH RI IUHTXHQF\ VSH
analysis will use the downlink record-
ing i80216e_DLPuscUniformQ64.sdf

WLRQ 3URSHUWLHV GLDO®RgplERitA th® EI68AMSK kaBiwarb.

Some modulation impairments, espe- solution. Since the demodulation itself
cially those involving interference of is actually restricted to the selected
some kind, are associated with spe- subcarriers, the accuracy and robust-
FLoF IUHTXHQFLHV RU |U ResX® hedemaguagienyincluding
,OGHHG RQH RI WKH EH Qaytematc reognjtion of modulation
techniques is their relative immunity type, if selected) will depend on the

to narrowband interference or ro signal quality of the selected subcar-
bustness of transmission capability in ~ rer(s).

environments where one frequency or
a particular band of frequencies (and
WKHUHIRUH VXEFDUULH U &'s may bg particulgntyvgsinl when
impaired. it is suspected that the signal under
WHVW KDV DQ LPSURSHU
the data burst map or an error in the
permutation formula. Demodulating

a very limited data set in this way

may present problems for automatic
recognition of modulation type, and it
may be helpful to use a Manual setting

;. DipnBatgTonedvodyiation as described
below.

The error vector spectrum display,

as described previously, can reveal
error behavior that is associated with
frequencies or subcarriers. Since the
number of subcarriers is so large (840
active subcarriers during data bursts
RI WKH 0+] VLIJQDO
scaling can be very useful for focusing
attention on the desired range of car-
riers. One application of this approach ~ For applications where it is desirable
ZRXOG EH WR H[DPLQH E bodasustieemessupernent(if not the
FORVHO\ WR GLDJQRVH ooniedemesiylaton resutt) |qmpaspe-

As described previously, perform

the Preset Setup function, recall the
UHFRUGLQJ DQG UHFDOO LWV V
i80216e_DLPuscUniformQ64.set. This

VHWXS oOH ZLOO DXWRPDWLFDO
'DWD %XUVW $QDO\VLV ER[ RQ W
'"HoOQLWLRQ WDE RI 2)}'0$% '"HPRGX(
tion Properties, allowing for subcarrier

selection.

6HOHFWLQJ D VSHFLoF VHW RI VXEFDUUL

The data tone modulation type is

usually automatically detected by the

ORI v SAX 4otDlre RHQwWE&kr, you

can also manually set the data tone

modulation, if needed, by going to the

Advanced tab of OFDMA Demodulation

Properties and clearing Use Default

Settings. This will allow you to change

Data Tone Modulation from Automat-

ic to Manual, as well as to select the

modulation format. Whether modula-

tion type is detected automatically or

VHW PDQXDOO\ WKH QH[W VWHS
from All to Subset in the Subcarrier

6HOHFW ER[ DOVR RQ WKH $GYLC

RU LQWHUIHUHQFH IURP & ofrGMXEHHQAW LEHDQHBU UDQJH RI VXEFDUULHUYV

the Subcarrier Select function on the
For applications where it is desirable to Advanced tab of the OFDMA Demodu-
focus the actual demodulation opera-
WLRQV RQ D VSHFLoOF VXBEROWML.HU RU PRUH

ODWLRQ 3URSHUWLHY GLDORJ ER[ ZLOO SURYLGH
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Advanced Digital Demodulation (continued)

Measurement results and displays will  If desired, one can combine measure-  The Manual Measurement Region
QRZ UHpPHFW RQO\ WKH GRWIQWHR IVIX /BBEFLoF VHW s$ettingxayFast helneddad to properly
ULHUV DV GHOQHG E\ WKALRMKVMHMD BRGHPHQW R | Dm¥sBiHdd subcarried? & Rdre typically

interval entries. The offset (a negative  or group of symbols, as described in a range of subcarriers) in a zone where
RU SRVLWLYH QXPEHU LWWHKHSUHBHYWRQXPH[DPSOH diffsrent nio@ulatiol fddmats are used
bered carrier to be included in the useful troubleshooting technique to for subcarriers at different symbol

measurement results, and the interval  understand the effect of an impulsive times in a subframe. Since the Subcar-
(a positive number only) is the number interference mechanism which affects  rier Select function only works in the

RI DGMDFHQW VXEFDU U L dih\a verrowL fegguencysadnd., The uniform data analysis mode, the modu-

IRU HI[DPSOH WKH RIIVHWine\alydithe @FRMA Demodulation  lation analysis result must contain only

and the interval is set to 20, the 10 BURSHUWLHY GLDORJ ER [akiMgl&tydd 6f mo&ulatibrifQr accu-

carriers on either side of the (untrans-  access to the Manual Measurement rate results. Isolating the calculation of

mitted) center carrier will be displayed  Region settings. In this way you can UHVXOWY WR D VSHFLoF V\PERO
and measured, as shown in Figure 31.  quantify the modulation quality of will ensure that the result contains a

,Q WKLV 0JXUH WKH ; D][Llsuym&hing/astismiilab &dihgle symbol  single modulation type.
YHFWRU VSHFWUXP GLVS@GR\ XMV$ HEHHE HDQJH-RI1 2)'0 VXEFDU
panded by a factor of 20 to show these riers.

carriers more clearly. Note that you

will have to change the display format

of several traces in order to match

Figure 31.

Figure 31. Analysis of a group of 20 OFDM subcarriers, centered around carrier 0. The
X-axis of the error spectrum display (upper right) has been expanded to show how the
selected carriers and the other measurement results are computed from only this subset
of the subcarriers.
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Summary

By following the discipline of an or- The 89600 VSA software contains so-
ganized measurement sequence, you  phisticated measurement and analysis
can uncover signal problems with your tools for time-selective or carrier-se-
OFDMA signals. Begin with basic spec- lective measurements in either the
trum measurements, then add vector uniform data analysis or data burst
measurements, combining frequency analysis modes. With these tools, the
and time, before switching to basic VSA software can help you trouble-
digital modulation analysis. After that, ~ shoot your signals quickly, and with an
you can take advantage of advanced or unmatched depth of understanding.
VWDQGDUG VSHFLoF DQDO\VLYV
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