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I Spectrum Analyzer =74 &I 2|

1 Digital Modulated Signal Analysis
= Multi Standard Analysis
= Vector Signal Analysis

4425 GHz
7su rogram e 1K Cliw

=
| 72 S AR 2N 7|

= Channel Power

CCDF

Spectrum emission mask
Occupied Bandwidth
SensorE 0| &¢t It¥ 54

i ;
- -
F =— == -
“ i
l
J
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Time Domain vs Frequency Domain

-

/ amplitude
A —_

ti"ne

time domain
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Signal & Spectrum Analyzer
Block Diagram

1 L & Attenuator?} Preamplifier= & & CF H 2 CHS 0| 24 =

Input g ; Image Rej. Filter Wideband digital
I Mixer IF Gain
nput Attenuator I e.g- Rectangular IF processing

Input
Attenuator

IF Filter LogAmp/ Video Filter
(RBW) Detector (VBW)

Input Mixer IF Gain

Local Sweep Display

General Oscillator

Spectrum
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Signal & Spectrum Analyzer
RF Input

| HE 22| AHEH(MZ) 47| = 500hm S 2 A A

V XCH 2 BelE =1 ofX| Ee 880 7t S8
I MatchingS XFX| 2B =7 Ot 87| Ato[of

Mismatching 244

Spectrum
analyzer

vV
201922 =4 dB

’qsnnq?‘an =

Source 7 i 100 42
L» 2502 ‘J ~ @ - L e qJ - I:l V},m
i ™ f A‘Iﬁn—»mn =20-lg-"*=7.5dB

12
\‘L -L/ — Z =500 _ .gvmﬂ

ZEE'FEQ

Case 1. ZtEtSHX|2F 750hm7 | 20 =X Case 2. 2HIZ HtH O 2 offset0]| Z

NELTPSTUEY
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Signal & Spectrum Analyzer
Main Parameter

Spectrum Spectrum 2

Ref Level 10.00 dBm
= Att 30 dB  SWT 20 ms

WIMAX ¥ LTE 2
RBW 3 MHz

YBW 3 MHz Mode Auto Sweep

Ll

i

IR FHEHH—
’f IIIW“.I-

CF 15.0 GHz

ROHDE&SCHWARZ

1 30.0 GHz

1 Frequency Span
1 Ref. Level

1 Attenuator

1 RBW

1 VBW

1 SWT

1 Sweep Type

1 Sweep Point
...



RF Input Part — Ref. Level vs. Attenuator

1 Ref. Level & Tracel| ==2| A|E&H A

1 Attenuator”7f Auto2 AN = A2 R f. Level ™ 0| Attenuator M &S 47X
. U 2o 4 ¥ Yxl A Fo

1 2HIA™ O 2 Attenuator= MechanlcaIJ_t Electronic iAo 2 1 2 &

R e ——

= S— — __, Attenuator Auto Al
Ref—10dBm Att 20 dB
Ref 0dBm Att30dB
Ref 10dBm Att 40 dB

1 i
CF 15.0 GHZJ—I 691 pts J “.l".l' _Span 30.0 GHz )
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RF Input Part - Attenuator

1 23 = AttenuatorE 1 = Mixer& X CtA| 2

| &H|O] 19 0| xE MixerS £1 & 20| /0] 27 RangeZ

2t

Attenuator0f| 2|sf Zt2|E M= 2F IF SZ7|0f olsf 3=
HUz A+ B5Z =4z
=0|= +3E=-L0|Z 5%

I L2 Attenuator 091 Z<L %



IF Signal Processing

IF filter

IF Signal Processing Section - Sweep &=

Logarithmic amj

A

.-h-,ﬂ'w"'“#w

start

®

Local oscillator

RF —» ® AF ) el — | - |—

frequency -
converter IF-filter detector display
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IF Signal Processing

IF Signal Processing - Sweep

T Input signals A
A converted to IF

T IF filter
H(f)

fir = T



IF Signal Processing
RBW Shape Factor

_ 3 dB bandwidth
2‘ i© i g
L __ - L L _

| |
16 dB bhndwidkh
1 . 1

60 dB bandwidth

I Bandwidth :3dB-BW (General)
: 6dB-BW (EMC measurements)

I shape factor : SF = (Bgy g / B3 gg)

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl Al Gl ATE B4 12



IF Signal Processing RBW

R *REW 3 kHz . *REW 3 kH=z R

*WENW 3 kHz *VBW 1 kHz Ref Lvl
Ref -10 dBm Att 20 dB SWT 45 ms Ref -10 dBm Att 20 4B SWT 135 ms -10 dB
-10 *
-10 10
*
T ot
2

1 2tone0|Ato| AT Q174 Al RBW AX I 7|0 U2} =™ =l B QF
LFEFECY.
I Spectrum-= XA S| E7| Bl A

L
-
BC Fel AHEY HAS T

=
1 Shape factorQj| o|st AW E = EM0|| X}O| = metsfof ECt H
7ts(Channel Edge £7/4, Noise &)

Al
L—

—_
o

=)
2 oI},
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IF Signal Processing RBW

1 52 U2 Y= =+t RBWO 2t =8 & Spectrum E 0] Ht.

@RDHDE&SGHWARZ FSVR « REAL-TIME SPECTRUM ANALYZER

Spectrum Real-Time Spectrum

Ref Level -10.00 dBm = RBW 100 ———
Att Dde  SWT 19 s YBW MHz  Mode Auto FFT es

S - Manual
& 1Rm \

-20 dBm Auto

Video BW

-30 dBm Manual

-40 dBm
-50 dBm
-60 dBm

-70 dBm

o ---------

CF 1.0 GHz 691 pts Span 10.0 MHz
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IF Signal Processing RBW

1 RBWO| 3 7|0] }2} =X £|= NoiseQ| A 7| & Ea}Al,
1 Dynamic Range 2t2 £ QM= MM O 2 =2 RBW7t Q7L EICt

Spectrum Real-Time Spectrum

Ref Level -50.00 dBm = RBW 100 kHz
Att dé SWT 1.1ms YBW 1MHz Mode Auto P Center

-10.23 dB
oHz[ CF v
-60 dBm M1[1] -83.20 dBm| Stepsize
50.0000 MHz

-70 dBm |

-a0 dBém
-100 dBm
-110 dBm

-120 dBm Frequency
Offset

-130 dBm
|»

-140 dBrm

GF 50.0 MHz
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Video Voltage / Filter

Envelope
detector  Video filter

IF Signal Processing Section — Video

IEY

| H|C|2 ZE = Envelop C|ElE{ ot A/ID ZAH{ E{| C}20f| | X|3t fer |

HEEXN CX[E Ao = AAHE %l%
| AID ZAHE{ Q| AR 2 2 H|L|2 Al S = Envelop C|EIE{ Q| =20 A

A= E 0 SRt 0rEHE AKX H, I1|7(| 2 Nl d= ol TIE

BE= A Z2 0[] YSO| ®A|=IC.

|
59

nnnnnn

ot M7t 0| = E1|H*'01| %/ -TESEN
10{L} 7| 7} &S0 X|X|TF H|C|Q TEQ|C
Z M 0| =92| Peak-to-Peak= ZtAA|Z

Rl
Yo
10
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IF Signal Processing Section — Video filter

I Example: sinusoidal signal

! | -
ILAAAAL
B 1 B
IALI | |A.I;| . fIF | Wvigeol

0 ﬁn f—e . f": foe : !

f




IF Signal Processing Section — Video filter

1 Averages noise signals
I Reduces bandwidth of video signal
I Peak amplitudes are reduced

By

l_-

—

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl Al Gl ATE B4 18
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IF Signal Processing Section — Video filter

I Noise 2 22| Avg
I Peak amplitudes Zf 2
1 Average Level
VBW << RBW
I Channel power measurement =78 A| VBW= A0 G2
0| M= eFelC.
VBW >> RBW (RBWL}{H| 3~10H] A7)
I Phase noise & noiseZ7 A
VBW <<RBW (RBWC}{H| 2k 0.1H] 0|3} &)

Videofilter-Settings

ZF-Filter

Videofilter
B % pulsed, broadband signals: VBW =10 RBW
- —* T | |sinusoidalsignals (default): VBWA-RBW
fzF Noise: VBW < 0,1 RBW

ROHDE&SCHWARZ R&S 7|& M|OJLE - 2| A Als G ABEZ 24 19



IF Signal Processing — Sweep Time
Sweep vs. FFT

1 2 O 2 Sweep time2 Auto @l A L20| = XA SWTO| EA| =ICE,
1 2 Sweep(SWT) &A1 FFTRA/(AQT)2 M| & & S 0|M CHE XH0| &
LbEFEHCY

SWT = * Span/ Hz :
(RBW /Hz) -
= SWT = Sweep Time in seconds

Span / Hz = Frequency Span in Hz
RBW / Hz = Resolution Bandwidth in Hz

= K = Correction factor for the settling of the resolution filter
k
AQT (s)=| ——
QT () {RBW Hz}

AQT(s) = Acquisition Time of the FFT in seconds
RBW / Hz = Resolution Bandwidth in Hz
= Kk = Correction factor for the FFT weighting filter

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl AlS gl ATE
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IF Signal Processing - Detector

1 IF CHOjLA] K| 2| &l Al Ak
ot HO| ®A[SHZ| 22t RS 78
1 =74 Application0f| L2 A

DetectorS AIE.
I Spectrum@| 7| & Capture Sample

rateO| A0 AF2 E|= samplel]
W+E ==
true RMS  |RMS = %I[V(t)]zdt
1 T
average AV =?J‘v(t)dt
0

ROHDE&SCHWARZ

Video voltage — »

Samples

N=5

R&S 7|& MOfLf - X

>I Max Peak
=

=~ AV AV
> ¢ Sample
{
Auto Peak
ey
Min Peak e
Pixel n Pixel (n+1)

f—»

Displayed sample

MAS R AHE £

21
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IF Signal Processing — Detector
Application

1 Of2f &= Application® %t Detector
1 2 40| HO| =l Detector A2 S &% (FCC, ETSI, 3GPP ...)

Pulsed Signals Random Signals Static Signals
Detector

Auto Peak X

Max Peak X X X X
Sample X
RMS X X X X X

AV X

ROHDE&SCHWARZ R&S 7|& MOJLt- XA M S AHEY 2 22



Sweep Point

More Sweep point Less uncertainty

Sample rate: 32 MSamples/sec Sweep Time: 100ms

T~ —

3,2 MSamples/Sweep

Data reduction 8GHz SPAN
depending on Sv%geMllzognt
DETECTOR MODE v ap

SPAN: 8GHz
Sweep points: 500

pppppp

Ei A

ROHDE&SCHWARZ RES 7| MO|LE- 2141 AlE U AHER 2

pppppppp

23

Video-
|

aaaaaaa

DETECTOR

MODE
MAX PEAK
MIN PEAK

% AUTO PEAK

AVG
RMS
SAMPLE

| 500 Sweep Points a’ 6400 Samples



Sweep Point

More Sweep point Less uncertainty

Sample rate: 32 MSamples/sec Sweep Time:

SPAN: 8GHz \ /

Sweep points: 5000 3,2 MSamples/Sweep |
distributed to 5000 Sweep Points
/\

100ms

pppppp

signal DETECTOR
l MODE
MAX PEAK

I dis:l\z)zipixels M I N P EAK
aaaaa -« AUTO PEAK
Anegativ Peak AV G

- 1,6 MHz/

Sweep Point
_>

— [ — | | = e || < —

RMS
SAMPLE

Content of 1 Sweep Point

L 4

al

_

(independent

v

5000 Sweep Point a’ 640 samples

Data reduction
AUTO PEAK

from

v Detector Mode)

ROHDE&SCHWARZ R&S 7|& MOJLE- 2|M M5 S AHEY 24 24



Sweep Point

More Sweep point Less uncertainty

Sample rate: 32 MSamples/sec Sweep Time: 100ms

\ / " DETECTOR

SPAN: 8GHz
Sweep points: 5000 3,2 MSamples/Sweep [\ A "\ T MS(DFI)EEAK
distributed to 5000 Sweep Points .Y MIN PEAK
I I v AUTO PEAK
N el AVG
- 1,6 MHz/ SAMPLE

Video-
signal

displayed pé

Is

autopeak

Sweep Point
_>

— = —|=|—]=]*=== Content of 1 Sweep Point

ROHDE&SCHWARZ

g 5000 Sweep Point a’ 640 samples

Data reduction
AUTO PEAK
(independent from

R&S 7|& MOJLt - X[ Mo Sl AHEY 24 25



Display Average Noise Level

1 RBW 1Hz AEJO{| A EA|E|= T Noise Level
1 RBW2| MM 0 [[= Noise Level2 20l & 4= 912

DANL (RBW) = DANL (1 Hz}+1ﬂ-1ﬂg[m}

1H=z

Noise Power
[dBm]

A

: — Influence of the IF Stage
Determine the Noise Figure of an

Ideal Resistor @ room temperature [ —j
@ e 3 l ...... =4 'KH_I 144 dbm

] oW
Thermal Noise limit: - i EﬂfEL _____ Eifv

-174 dBm/1 Hz

ldeal Resistor
R=5002

-174 dbmn
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Display Average Noise Level

I =7 5l= DUTZ| Noise?} & H| NoiseE 1 & & 4= QUL}.

:-Illliﬁll Y
o+ Noise Power
R=500 [dBlTI]
RBW =1 kHz
R’n =500 U. Moise
Figure
Systematic emor due o filter shape and % -124 dbm
loganthmic averaging and detection 25 dB * M 265 dbm
Infl f the IF St
Determine the Noise Figure of an nuence of e ge DANL
Ideal Resistor @ room temperature . i-ﬂs . 4 WHE
i B B W= =44 -144 dbm
Thermal Noise limit: - jaﬂf £ V
-174 dBm/1 Hz
""""" 30 dB
|deal Resistor
R=500 L1 -174 dbm

ROHDE&SCHWARZ R&S 7|2 M|O|L} - XAl AlS QI ATEZ 2XM 27



Trace & Dectector

I Detector TypeOf| (&2 AHEZ LO|= 1 Trace Type(j [[}E ATWEH LO|=

CF 1.0 GHz

CF 1.0 GHz Span 1.0 MHz

1 Trace AvgR} Detector Avg= L ESHA A=

. Trace Avgs AvgOll ALR &= 742 BetsA) f0f et
+ Log 22| Avg@IX| Lin gto| AvgQIX|ofl et Zat gho| eatzlct.

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl Al Gl ATE B4 28






Vector Signal Analysis

1 VSA

HEAI
o

- MSK to 1024QAM 7}X| CHSE Al 0f| T3l S A1 7hs

MultiView Spectrum
Ref Level 4.78 dBm SR 10.0 MHz
Att 14dB  Freq 1
1 Constellation I/Q(Meas&Ref) e1MC 2 Result Summary

. . EVM RMS
Peak
RMS
Peak
Phase Error RMS
fin Peak
'Magnitude Error RMS
y Peak
Carrier Frequency Error -9.59
Rho 0.999 9290
I/Q Offset -74.72
I/Q Imbalance -72.64
Gain Imbalance 0.00
Quadrature Error 0.02
Start -2.321 Stop 2.32+rAmplitude Droop 0.000 001

5 Statistics(EVM) I 4 Symbols

Start 0 @ Stop 1.5 @

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl Al Gl ATE B4 30



Vector Signal Analysis

I Standard Option

+ LTE, WCDMAS 1 20| H3}iZl 7242 0|2 FWAH0]| R8st
7|20l Mot oz FHM A A
. =2 A23E 0| SEA

o

— (@ B |
SESHAEE £ US
st 40 thet sz +d

LTE

1 Capture Memory

Capture Time
Frame Count Selected Subframe
Frame Start O... 3 EVM vs Car... o1

5 Power Spectrum
Start 0.0 ms

2.01 ms/
2 Result Summary

Stop 7.68 ... Start-7.68... 1.54M... Stop7.68

4 Constellation Diagram Points Measure. ..

0.22

Ref Level 0. ;
LTE2

Freq 1.
1 Capture Memory

021 =
Capture Time
‘- Frame Count 1 Selected Subframe
Frame Start O... o]
Start 0.0 ms

5 Power Spectrum
2.01 ms/
2 Result Summary

o]
Fi 1/1
EVM RN
E

A s e ey

N

768.0 k... Stop 3.84... Start-3.84... 768.0k... Stop 3.84...

4 Constellation Diagram Points Measur:
Min
Subframe(s) ALL, Selection Ant 1, Frame Results 1/1
0.36 2
0.37 0.42 0.32

I'E

Overview

ROHDE&SCHWARZ

R&S 7|& MOfLf - 2[4 4

fot
0
>
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Vector Signal Analysis — 1Q Bandwidth

1 M2 45 22 1Q Bandwidth= ¢l LY F 0|0 L[OjOf2t £40| 7ts

IQ Bandwidth | Typical Applications

320 MHz Radar, Aerospace, Defence, Next Generation Comm.
160 MHz 802.11ac, satelite transponder

80 MHz Multi-Radio-Analysis, Amplifier predistortion

40 MHz 802.11n, 36 MHz satellite transponder, DVB-S

28 MHz MC-WCDMA/ LTE / WIMAX / 802.114a, b, g

10 MHz GSM / EDGE / WCDMA / CDMA2000 / TD-SCDMA

1 Capture Memory 9@l Capture Sample rate2 A EM0| M b

« FSW 400MSample for 1/Q

s

P of M2 g0 A

0ot

ROHDE&SCHWARZ R&S 7|2 MOJL}- XAl A1S Ol AT E 2 2N 32



Vector Signal Analysis
Sample rate vs. Usable bandwidth

Usable 1Q = with or without option FSV-B70 installed
F’;‘:'dz‘]‘"d‘“ = = 0nily with option FSV-B70 installed
o o {f,an;= 128 MHz)
0 : ! | | Sample rate = Symbol rate x
: I | .
| | | Capture Oversampling
: ' !
o0 . r | | ex) Max. SR : 128MHz Max
== TF ot et bl il Bl B Bh s
e T i BW :40MHz
T "W/ T
2 Lo 5
I | I |
] | | I
] | | I
] | | I
] | | |
I | I |
10 B : | B _ .
| | | | ) maximum usable bandwidth 1}
/ downto || I | ! sample rate (RF input) £tA|
Vi l l !
T : 0 10 aoi 80 100 20 T " sample rate fu
J L | [MHz]
—oan+r K " BW = 40 MHz (option FSV-B70
BW =080 o gy = 0,625 . installed)
ROHDE&SCHWARZ R&S 7|& MOJLE- 2|M M5 S AHEY 24 33



Signal Processing for VSA

Data aquisition hardware

digital down
COnversion
+ continuous
decimation
analog IF AD —%L fractional
resampgsir
o filter cTuener - pling o Output
nalyzer » > o Application
Giomal 1 /_\ . Nc;rn _\ il — memory y| Processor —.sample — PP
T é Downsampling :
Q filters
128 MHz
sampling
clock arbitrary
IF Power or sample rate : Output sample rate continuous
External 100Hz ... 45MHz < digital
Trigger 100Hz ... 100MHz (B70) Full scale level = > baseband
Reference lavel output

| RF2IIFEHE ol =<l /=2 ADC

Il

] Digital A2 & &9} Z K2l 1} Resampling 5! Decimation= E9|| 1/Q
Memoryd{| A%t

| 4 40 met H= ol =4

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl AlS gl ATE
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Signal Processing for VSA

Signal /
rmesyne g Frame e

Data Aided . Pilot Aided
Modulation
Parameter . Parameter
. : Detection : :
Estimation Estimation

LTE Advance, LTE, 802.11ac, OFDMA, 3G, Radar

/Q constellaion =SSR BaEaytes
Spectrum flatness, Group delay, Impulse response — |
EVM vs. symbol and carrier, EVM vs. carrier, EVM vs. symbol '
Frequency and phase error

Power vs. Carrier

Power Spectrum, Capture buffer ....

ROHDE&SCHWARZ R&S 7|2 MO|L}- XAl AlS gl ATE
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Vector Signal Analysis - Application

I Modulation formats:
2FSK, 4FSK
MSK, GMSK, DMSK
BPSK, QPSK, Offset-QPSK, DQPSK, 8PSK, D8PSK, 1/4-DQPSK, 31/8-8PSK,
1/8-D8PSK
16QAM, 32QAM, 64QAM, 128QAM, 256QAM, 512QAM, 1024QAM
16APSK (DVB-S2), 32APSK (DVB-S2), 2ASK, 4ASK, 11/4-16QAM (EDGE),
—11/4-16QAM (EDGE)
1 Analysis length up to 50 000 symbols
1 Signal analysis bandwidth 28 MHz (40 MHz, 80 MHz, 160 MHz and 320 MHz)
1 User-definable constellations and mappings
1 TETRA, APCO25
1 Bluetooth®, ZigBee
1 DECT, DVB-S2
1 Option : LTE, LTE-A, 802.11, WiMAX, WCDMA, CDMA,1xEVDO ......

ROHDE&SCHWARZ R&S 7|& M|OJLE - 2| A Als G ABEZ 24 36



What is MSR — Why?

1 MSR stands for Multi-Standard Radio

- Ch0] BARZS S0 X|tE Al2H g
« RAT — Radio Access Technology £@

- 3GPP 37.141 0f M 9|

bandwidth MSR signal

l lll_ RF frequency
[MHZz]

994.0 997.5 1000.0 1002.5 1006.0




Multi Standard Radio Analyzer(MSRA)
Signal processing Master Analog

R F ~¢—bandwidth MSR signal————
SM
994.0 997.5 1000.0 1002.5 1006.0 17M
80M
RF — | Att +(%)—> filter +(§>—> filter
LO1
~¢——bandwidth MSR signal———
IF3
44.0 47.5 50.0 52.5
ROHDE&SCHWARZ R&S 7|2 M|O|L} - A Al AlS Ol ATE 2
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Multi Standard Radio Analyzer

Time Analysis time

Al0f| CapturestO] 27| CHE 42| 229

i I
1=

ox 1x
H o9

=4 Lf
=X A =
— = o

V4 A B A E 2 2hg0f Qg EVMERS S = 5 U0 S 20
Ciet =40 &0

1 0| 5S4l & ofL|2} LYot Digital Modulated A% EE = Pulse2 4 S0f| =
28 /ts
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Screenshot of R&S FSW MSRA GSM -> WCDMA

MSRA View 22 MSRA Master - : 3G FDD BTS

RefLevel 10, r Meas Tinmne
A Master g B Freq 1.0 GHz Rec Length
1
1 Spectrum

CF 1.0 GHz 1001 pts

Ref Level 1 Rate 1.0 MHz
IQAnaluzer o 2545 e : == 20 3G FDD BTS

TRG:EXTL
1 Composite EVM

= Atk ] CPICH Slot 1 SymbRate

li1.15 - 10,001

Slot 0
2 E¥M vs Chi

O I toerlie...

i |_Ed B
I| |I 1 u
st et s bt s bt e b okl b gl O BTV BV

CF 994.9 MHz . p 0 25 Chip 2559

Read I‘:l:l:l:l:l:l:l—_ﬂ 03.05.2012
Y o 09:53:24
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creenshot of R&S FSW MSRA -> Pulses

MSRA View 32

MSRA Master

_YTE Bypass
[1 Spectrum

MSRA Master

Ref Lavel 0,00 dBrm
10 d&  Freq S500.0 MHz Rec Length 2100000 RBW

Analog Demod  #

Meas Time 21 rnz SRate 100.0 MHz
93,6 kHz

\ y
CF 500.0 MHz

1001 pts

Ref Level 0.00 dBm

Analog Demod Atk

1§ Bypass
[1 RF Tme Domain

10&€ AQT SO0 ps DBW 28 MHz  Freq 475.0 MHz

o 1AF Clrw

Analog Democ Marker 1

«14P Clrw

A

f
|
i

PYal M."""\“‘

=

S L A

y
10.0 MHzf Span 100.0 MHz

analod D 43 Reftevel 0.00dem
nalog Demo Att 10dE  AQT 500 .= DEW 28 MHz  Freq 525.0 MHz

MG Bypass

1 RF Time Domain s TAF w1

5

CF 475.0 MHz
JMarker Table

Analysis Interval: 0,00 s - 500,00 ps
Ma[1] -22.57 dBm
73,000 ps
M1[1] 23.50 dEm
F3.000 ps

50.0 psf

d

W

n
1
1
1
1

ROHDE&SCHWARZ

Analysis Interval: 0.00 s - 500.00 ps
Response
-23.50 dBm
-23.50 dBm
-25.01 dBm
-23.57 dBm

Analysis Interval: 0,00 s - 500,00 ps
MI[1] .05 dBm
273,000 ps|

1001 pts 50.0 psf

CF 525.0 MHz
3 Marker Table

Analysis Interval: 0.00 s - 500.00 ps
Response

Wnd Type Stimulus
6.05 dBm

1 M1 273.0 ps

R&S 7|& MOJLt - 2 M=




Signal & Spectrum Analyzer

Multi-Standard Radio Analysis made eas

MERA: ALL 1/Q Analyzer 3G FDD BTS GEM1

14 Analyzar  Pall Level —44,00 dBm AT 10 mes  SRate
ALL OdE  Freg 244 GHz  Raec Length 400000

=GP D00 srin OL FDD, S0 RE L0 ks

..............

¥ Frag 7.431 GHr .
Hann D258 LPFICH Slot o Duw TypnwlT= Mo
JoinaIn Powar ®1 Urw Pewer i Time &
‘II‘ I|‘|II“ || l“: | i
|

T T T g k 2L

1 T ™1 | | |Phase Ciror RS ok

ey
i !

[ R

1 Ten

1 /Q L|O|E & SLHH 22 CapturestO] Ltk X2 S SAI0 24

I Important for testing of multi standard radios (WCDMA + GSM + LTE)
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Multi el Interfererence

I Multi ChannelS SA[0f £X510] QI T 0| BistE QI3 B2 SAlof
= [=

MSRA Master 3G FDD BTS 3G FDD BTS 2 CDMAZ000 BTS 1xE¥-DO BTS Center
Ref Lewel 0,00 dBm AQT 5Rate

MSRA Master ., 10dE  Freq 1. Rec Length
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= 1 Code Doman Pow er
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2Resuk Summary e e |

Code 511
2 Result Summa
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Z Result Summary
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Multi Channel Interfer
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req 1.0 GHz

CF 1.0 GHz

Ref Level odem z  Channel
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1 Code Domain Power

1001 pts

Power
SymbRate

Code 0 64 Code,

Z Result Summary
General Results (Frame 0, € PICH Slot 0)

5 . RefLevel [
CDMA2000 BTS 10de  PCE

1 Code Domain Power
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2 Result Summary
General Results (Set: 1)
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2 Result Summa
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Sequencer
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Sequencer - MultiView
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IQ Analyzer

Spectrum 3

RBW.

Ref Level

Spectrum 2 o

Spectrum
1 Frequency 5w eep

MultiView

Ref Level
Spectrum g0

L Frequency P

"aWar
CF750.0 MHz
ek

295.0 MHz/ Stop 3.0 GHz

1001 pts
Spectrum 3

1 ACLR

Start 50.0 MHz

(2 Marker Table
AQT

IQ Analyzer Rec Length
11Q-Vector
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2 Result Summary
Channel
=

Ymax 397.6 m¥
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RF Power Measurement
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Power Measurement — Modulated Signal

ROHDE&SCHWARZ
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Digital Modulate Signal Channel Power

1 M= e O| 1 A7| IH-FE0| Markers= 0|3t Point= Channel

Powerll= CI= 7t LIEFLHCE.
1 42 M9 t§EPE CHE =0l 27|10 e AHEHS| 227 LHEA|
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Digital Modulate Signal Channel Power

I MarkerE AIESHA £|H S35 A RBWOA =7t Point{}fO| LtEFSFCE.

® “*RBW 30 kHz Marker 1 [T1 ]
VEW 300 kHz -25.81 dBm
Ref -10 dBE 20 dB *SWT 1 s 1.
10

| Atk 1 G| X : 1.23MHz | CDMAAIS %= to)
) / \ Skl
Bandwidth/RBW
10l0g(1,230kHz/30kHz) = 16.128dB
. Marker -25.81dBm
PN =R 2
- “bmdentw] -25.81dBm + 16.128dB = -9.68dBm
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Digital Modulate Signal Channel Power

Ref Level 30.00 dBm @ RBW 30 kHz

Att S0d @ SWT 1= VBW 300 kHz Mode Auto Sweep
@ LRm Clrw
M1[1] 5.97 dBm
1.00000000 GHz
20 dem
10 dem
0dBm

M1
e
-10 dBm / \
-20 dBm

| \
|

-40 dBm - \

' |
-50 dBm Jl
TRTSRTI T OPTERN
-60 dBm

CF 1.0 GHz
Marker
Type | Ref | Trc |

691 pts Span 5.0 MHz

Stimulus | Respaonse | Function | Function Result |

M1 1 -5.97 dBm | Band Power

1.0 GHz 9.67 dBém
A i=3

1 Marker(Band) 4= 0|23t A2 L&

= MarkerZt X|d &l Span(BW)2| {f2 2 Sl|T LA
I & Al

- ME 40| & A Hel = Eat
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Ref Level 30.00 cBm @ RBW 10 kHz

Att 46 dB @ SWT 13 @ VBW 300 kHz Mode Auto Sweep
@ 1Rm Clrw
| M1[1] 9.46 dBm
o0 dBm i | 1.00026770 GHz|
10 dBm -
0dBm
M1
-10 dm WMWUW\
-20 dBm r" H
-20 dBrm [ ]
-40 dBrm , ]
-50 dBm l
-6 dBm i |
SATSURTIT e I A T
[cF 1.0 GHz _ 691 pts — Span 4.10 MHz |
Channel Power CDMA 2000
Channel | Bandwidth | Offset Power |
TH1 (Ref) 1,229 MHz 9.66 dBm
Tx Total 9.66 dBm
Channel Bandwidth Offset Lower Upper
Ad) 30.000 kHz 750,000 kHz -64.61 dB -65.42 dB
Alt1 30.000 kHz 1.980 MHz -68.99 dB -70.02 dB
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Time Domain Power

ALt
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Ref Level 0.00 dBm

1 Time Domain Power
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CF 1.8 GHz 1001 pts
2 Marker Table
Type | Ref | Trc | Stimulus \ Response | Function | Function Result
M1 1 260.138 ms -45.35 dBm TD Pow Peak -20.51 dBm
TD Pow RMS -27.45 dBm
TD Pow Mean -28.58 dBm
TD Pow SDev 885 dB
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Adjacent Channel Leakage Ratio(ACLR)
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Adjacent Channel Leakage Ratio(ACLR)

Spectrum ] |'Iv:.|

Ref Level -40.00 dBm @ RBW 100 kH=z
- Att 0de SWT 1.1 ms @ VBW 1 MHz Mode Auto Sweep
P&,
@ 1Rm AwvglLog
O dem ot
oo HEL Al
0 dBm
0 dBem
0 dBem
e s s M font A, afany
CF 1.0 GHz ] 691 pts _ Span 25.5 MHz
Channel Power EUTRA/LTE Square
Channel Bandwidth Offset Power
Tx1 (Ref) 4,515 MHz —
Tx Total . 2 | -36.57 dBm |
Channel | Bandwidth | Offset | Lower Upper
adj | 4,500 MHz | 5.000 MHz | -60.57 dB -60.67 di |
Altl | 4.500 MHz | | 10.000 MHz | -60.80 dB -60.59 de §
L |
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CCDF (Complementary Cumulative Distribution Function)

rr-mlmrimm E'HI Harmenics @I sssss m @I MultiCarrier @ OBW @ LTE @ Spectrum 2
Ref Level 20.00 dBm Offset 40.00 dB & AnBW 3 MHz
Att 0dB  Meas Time 33.333

1 CCDF

Analysis Bandwidth | 10.0 MHz
\_

- Number-of Samples:| 100000

cated trigger | on K |

[ Edit Gate Ranges
CF 1.8 GHz Mean F|- ‘ Adjust Settings
2 Result Summary Samples: 100000 n
Mean | Peak | Crest | 10% | 1% | 0.1%
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Occupied Bandwidth

Channel Bandwidth [MHz]

i ' Transmission Bandwidth Configuration [RB] o i
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Occupied Bandwidth

MultiView 1‘:1{Harmonics @ISpectrum @I MultiCarrier @ OBW @ [ v ]

Ref Level 100.00 mw Offset 40.00 dB ® RBW 20 kHz SGL
Att 0dB & SWT 200 ms ® ¥BW 300 kHz Mode Autoc Sweep
1 Occupied Bandwidth 1TRm Clrin

100 pw ‘"“K JI J
/ Y

100 nw |\

Noiseo| 37| & A= CHH| 1%= HE HE 2 Of 23
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£

CF 1.8 GH=z 1001 pts 1152000.0 dB/ Span 11.52 MHz
2 Marker Table
Type | Ref | Trc | Stimulus | Response | Function | Function Result |
M1 1 1.8004 GHz 282.65 pW
T1 1 1.7977789 GHz 12.20 pw Cce Bw 4.453786214 MHz
T2 1 1.8022326 GHz 32.29 Py

| AT E 20| Mol Spanoi N FohTl M LETt09%(EE Wt 2l X|HS
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2= SH2E ME XS Z&ot0] ot #°8(0rA3) O|UHoM HEX|S
i obX| = As 27| ?let 58 &= (9 2 2AZE)
7

Range 4
5.05 MHz

Range 5
10.05 MHz

15.05 MHz
off

-10.05 MHz

Fast SEM Off off Off

Filter Type Gaussian Gaussian Gaussian Gaussian

100 kHz 100 kHz 100 kHz 100 kHz

RBW 100 kHz

VBW 1 MHz 1 MHz 1 MHz 1 MHz

1 MHzZ

Sweaep Time Mode Auto Auto Auto Auto nuto

sweep Time 18.97 ps 18.97 s 18.95 ps 18.97 ps 18.07 ps

Ref. Level -10 dBm -10 dBm -10 dBm -10 dBm -10 dBim

Absolute Absolute Absolute Absolute Absolute
-12.5 dBm | -12.5 dBm 100 dBm -5.5 dBm | -12.5 dBm

-12.5 dBm -5.5 dBm 0 dBm -12.5 dBm -12.5 dBm
50 dBc S0 dBc

50 dic 50 dbc 300 dbe
-50 dBe 50 die 200 dBc 50dBe | -50dee

Limit Check 1

RF Att. Maode Auto Auto - Auto . Auto Ruto
|' Attenuator 6P 6 db G dp 6 db 6 dp
off |  off off of | off

' '-l Transducer Mone : Mone m MNone l MNone

Abs Limit Start 1

Abs Limit Stop 1

4 Fel Limit Start 1

= : Rel Limit Stop 1
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Spectrum Emission Mask

| 77 ROlof Qe A% T2t L RBWZHO| HOhX| T, 0|2 Qle) AT
74
= O
1 Limit LineS 7|2 2 Abs(CHZ), Rel(ATHZh) % XH0|E 2 4

®

Ref -10 dBm

_720 T T T —ITOE T B
- 30
F-40
PR [ }
F-60 T
- 70
I T TR (T AR T Ty
- 90
SPECT 100
Center 1.5 GHz 3.5 MHz/ Span 35 MHz
Start Stop REW Freq Pwrabs PwrRel ALimit
[H=] [Hz] [H=] [H=] [dBm] [dBc] [dB]
-17.500 M -15.050 M 1.00 M 1.483830 ¢ -74.01 -43.42 -61.01
-15.050 M -10.050 M 100.00 k 1.488030 G -80.46 -45.86 -67.56
-10.050 M -5.050 M 100.00 k 1.4%0200 G -79.78 -—-459.18 -67.63
5.050 M 10.050 M 100.00 k 1.5095%0 ¢ -81.64 -51.05 -65.78
10.050 M 15.050 M 100.00 Xk 1.512740 G -79.88 —-45.29 -67.38
15.050 M 17.500 M 1.00 M 1.51le870 G -73.91 -43.32 -60.91
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Power Measurement with PC

1 PCSWE E3t TQ| R L|HZ
1 Multi Channel 241 3! Logging 3! Statistical Analysis7}5
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Power Measurement with Android™

I NRP Power Sensor2} OTG cable= 0|23} Androidi| A &7
1 Android 4.0 EE= 1 O|A HA O A =&
1 0jefot MR 222 HiEZ[0l= 220= 2 2= O[X|X] &

ROHDE&SCHWARZ R&S 7|& MOJLE- 2|M M5 S AHEY 24 62



Closed Loop Power Control
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Closed Loop Power Control

Directional

Coupler

s PRl 5

i
" power Sensor
z‘. NRP-Zxx

)

1 HS2E 0| 8510, DUTE'E A| DUTS| =8 EE= U E Ol A I /dlA
£ Eo|| AAZF 2L H2Z F Signal Generator?} Closed Loop Power
Control & Target Power7} QPEEH O 2 35 = SHE| T2 MSE 2l

1 DUT 2 EHSHel 93 2 33)1 53 THOMY N £2, 32

Target GainZt2)0|| 25 M & 7535t Application.
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Closed Loop Power Control

—
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y LAY

NRP-Z28
Level Control Sensor

1 Level Control SensorZE 0|85t DUTS} HIEZ A4, HEF &2 EHE 9|
M A2 GO] MAIZHO R e M QI7t =2 Mtz ot 7HEHst i

2 R&D, AL WS ChFst Hopof Mg 7ts.

o L 1=

ROHDE&SCHWARZ



R&S®NRP Power Meter Family

R&S®NRP2 base unit

l\ -,
(s’ o
v(@/\
1,
1

R&S®NRP-Z57 thermal power sensor
Frequency range: DC to 67 GHz
Level range: -35 dBm to +20 dBm

ROHDE&SCHWARZ

SR

~_ -16.60dBm

-10.27 dBm

-21.22dBm

R&S®NRPV virtual power meter

R&S®NRP-Z28 level contol sensor
Frequency range: 10 MHz to 18 GHz
Level range: -67 dBm to +20 dBm

R&S®NRP-Z24 universal power sensor
Frequency range: 10 MHz to 18 GHz Level
range: -42 dBm to +45 dBm

=

M
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R&S®NRP-Z5 sensor hub
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Operation with

NRP2 Base unit

Standalone operation with USB
adapter NRP-Z4 and NRPV

virtual power meter

R&S®NRP Power Meter Family

network analyzers

D

Operation on R&S signal generators,
R&S signal analyzers and R&S

Universal
Power Sensors

Thermal Power
Sensors

Average Power
Sensors

Wideband
Power Sensor

Two-Path
Power Sensors

Level Control
Sensors

R&S®NRP-Z11
R&S®NRP-Z21
R&S®NRP-Z22
R&S®NRP-Z23
R&S®NRP-Z24
R&S®NRP-Z31

R&S®NRP-Z51
R&S®NRP-Z52
R&S®NRP-Z55
R&S®NRP-Z56
R&S®NRP-Z57

R&S®NRP-Z91
R&S®NRP-Z92

R&S®NRP-Z81
R&S®NRP-Z85
R&S®NRP-Z86

R&S®NRP-Z211
R&S®NRP-Z221

R&S®NRP-Z28
R&S®NRP-Z98

10 MHz to 33 GHz
(sensor dependent)

DC to 67 GHz
(sensor dependent)

9 kHz to 6 GHz

50 MHz to 40 GHz

10 MHz to 18 GHz
(sensor dependent)

9 kHz to 18 GHz
(sensor dependent)

-67 dBmto +45 dBm | -35dBm to +20dBm | -67 dBmto +33 dBm | -60 dBm to +20 dBm 60 dBm to +20 dBm | 67 dBm to +20 dBm
(sensor dependent) (sensor dependent) (sensor dependent) (sensor dependent)
Accurate Cost-efficient Generate very
measurements of Highest accuracy for EMV tests Radar pulse ution f ¢ precise power level
modulated signals reference Calibration of signal measurement S?nl:a;zrsjrg:naecnct:rgfe together with a
over the whole applications isti . _
dynamic range PP generators Statistics modulated signals signal generator
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R&S®NRP - Special Sensors

Power Sensor Modules Level Control Sensors

R&S®NRP-Z27 R&S®NRP-228

R&S®NRP-Z37 R&S®NRP-Z98

Frequency range: DC to 26.5 GHz Frequency range: 10 MHz to 18 GHz

Level range: -24 dBm to +26 dBm Level range: -67 dBm to +20 dBm
Use

V1

RF out RF in
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Real Time Spectrum?
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Real Time Spectrum - FMT & Spectrogram

1 Frequency Mask Trigger
= ArEAL X[ OrA 3 0] O E M A| Trigger =

Xt
A
==

)

Spectrum trace
of transient

1 Spectrogram
- =4 TG C| A|ZH Level, Freq#stE ELEHE 7ts
. A S B#3L2 A|7H0]| et 29l THs
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Real Time Spectrum - Persistence

1 7| = Spectrum 29| Max.HoldZ2 A= OEF 42 %QE 5'4 =™ A|7H0| =7t
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VSWR & Return Loss

= VSWR 1t RLS| &t H|

YEWR (xxx: 1) | Peturn loss (dB) BEAFH 2=
1.00 oo 0
1.01 46,06 0.005
1.02 40,09 0.
1.03 3661 0015
1.04 3415 0.0z
1.05 3226 0.0z24
1.06 a0 0.029
1.07 29,42 0.034
1.08 28,3 0.038
1.09 272 0.043
1.1 26,44 0.048
1.2 20,83 0.091
1.3 17.69 013
1.4 15,56 0167
1.5 13.98 0.2
1.6 12,74 0.231
1.7 11,73 0,259
1.8 10,85 0.286
1.9 1016 0.3
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2 9.54 0.333
25 7.6 0,429
3 .02 0.5
3.5 511 0.556
4 4,44 0.6
4.5 3.93 0.636

5 352 0.667
5.5 319 0,692
G 292 0714
6.5 2.B9 0.733
7 25 0.75
7.5 233 0.765
3 218 0.773
8.5 205 0.789
9 1.93 ns
9.5 1.84 0.8
10 1.74 0818
15 1.16 0.875
100 o017 0.95
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Connector Type'& K| &l ot HE

PC1mm
PC 1.85 mm
PC 2.4 mm
PC 2.92 mm
SSMA

PC 3.5 mm
PC 7 mm
Precision N
TNC

SMA

Type N
SMC

SMB

BNC .
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UHF ] 1 GH:

W GHz

26.5 GHz
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18 GHz
GHz
3Hz

{z

Z

0 10 20 30 40 50 60 70 80 90 100 110
Frequency (GHz)

ROHDE&SCHWARZ R&S 7|2 M|O|L} - %[ Al

S O
M AT Sl A

&

EdH &AM 76

HIT



Z= 9 L1 Application Notes

TMA201 Measuring with Modern Spectrum Analyzers

TMA215 Using R&S®NRP-Z Power Sensors with AndroidTMHandheldDevices

TMA198 Measuring Multistandard Radio Base Stations according to TS 37.141

1EF80 Spurious Level measurement with Spectrum Analyzers

1EF83 Using R&S FSW for Efficient Measurements on Multi-Standard Radio Base Stations

www.rohde-schwarz.com
EHfFHIE = 21| O| X[ 0| A C}FSt Application notes 2+Q1 SHA o= Q& LILCY.
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