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What 1s RSE?

F RSE =radiated spurious emission

I Radiated = Shielded, Anechoic Chamber
E Spurious =2 Intentional Radiator
P Emission =» EMI Measurements
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Spurious

E Spurious, all emissions but the
F Spurious can be harmonics, oscillations, mixing terms

Spurious

802.11a

Satellite TV
o -

>802.11 b/g

Ultra Wide Band

AANEEE.

2.4 4.8 7.2 96 120 144 16.8 19.2 216 24.0
GHz GHz GHz GHz GHz GHz GHz GHz GHz GHz
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Recelver vs. Spectrum analyzer

E Spurious Emission measurements differ from EMI
measurements mainly in that BW’s matching the useful signal
have to be set on the receiver instead of the typical EMC
bandwidths (e.g. 200 Hz, 9 kHz, 120 kHz).

I Also EMC BW's are referred to the 6 dB points of the IF filters,
whereas the BW's for spurious emission measurements are
referred to the 3 dB points.

F In spurious emission measurements PK detector is used In
place of the QP detector.

B All these differences make it necessary that for spurious
emission measurements a Spectrum Analyzer or Receiver
with spectrum analyzer functionality to be used rather than a
pure EMC test receiver
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June 9th, 2015

ypical RSE Standards

FCC 15C/22/24/ (90)

3GPP standards define RSE for cellular technologies, such as
3GPP.51.010 for GSM

ETSI EN 300 328 defines RSE for 2.4 GHz ISM band using spread
spectrum modulation, up to 24 GHz

ETSI EN 301 893 defines RSE for 5 GHz ISM band using spread spectrum
modulation, up to 26 GHz

ETSI EN 300 440 even defines RSE for equipments used to 40GHz,
spurious measured to 100GHz

Limit lines are given in dBm, not dBuV/m

E This implies EIRP measurement
- EIRP not function of test distance
- So, substitution calibration is required

Copyright ETS-Lindgren Inc.
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FCC Chamber

FCC does not deviate from general ANSI C63.4 spec when measuring

the RSE, but simply reinforces the use of “typical” 3-meter EMC
chamber.
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~ Semi Anechoic Chamber
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Noise Floor in FCC 3 meter chamber

I 3m diStance RSE_Horizont=l
I Short cable RSE - Horizontal Polarization — Limit
07 :
1 I Receive antenna 10dB horn
10+ - s
1 with built-in preamp
z 30
% 40
50-:
o
70l : : , , , , |
3G 106 186G

Frequency {Hz)
Equipment ID -

Serial # -
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I Intentional Emitters:

B f <10 GHz: to the tenth harmonic of the highest
fundamental frequency or to 40 GHz, whichever is lower.

F In some cases the emissions from an intentional radiator must be
measured to beyond the tenth harmonic of the highest fundamental
frequency designed to be emitted by the intentional radiator
because of the incorporation of a digital device.

E FCC Rules Part 22 and 24 requirement for
radiated spurious emissions is as follows:
E The ERP limit is —13dBm [derived from 43 +10log(P)]

June 9th, 2015  Copyright ETS-Lindgren Inc. 10
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FCC RBWI/Limits

Rules Frequency Power
FCC /Resolution Bandwidth Limit
Freq RBW Freq RBW | (Ave.)
(MHz) (MHz)
Jfl'::m-'
22917 | IMHz F< fiow- | 2100
(850) [ =f= >1% IMHz kHz
Jiow & of & -13
24238 | fuu<t BW N s dBm
(PCS): | <fip Tt IMHz | =2IM
27.53(g) | IMHz; Hz
(AWS)
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FCC Spurious Testlng Example

B Connect the equipment

E If antenna element can be loaded with 50 ohm dummy load please do
SO or else take care not to overload the receiver/spectrum analyzer.

F Adjust the settings of the Radio Communication Tester to set
the EUT to its maximum power at the required channel.
NOTE, Requires communication antenna to maintain the link!

I Set the spectrum analyzer to measure peak hold.

B Measure EMI

B a polarization (Horizontal or Vertical)

B 1-4m Scan

B Rotate EUT 0-360 degrees

B Record level (LVL) up to 10" harmonic

June 9th, 2015  Copyright ETS-Lindgren Inc. 12
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FCC Spurious Testing, Example

B Perform Substitution Test
B Replace the EUT with a half wave dipole or known gain antenna.
B Substitution antenna should be at the same location as the EUT.

B Connect the known antenna to a signal generator with known output
power and record the path loss in dB (LOSS). LOSS = Generator
Output Power (dBm) Analyzer reading (dBm).

B Determine the level of spurious emissions using the following equation:
Spurious (dBm) = LVL (dBm) + LOSS (dB)

E Measurements are to be performed with the EUT set to the
low, mid and high channel of each frequency band.

June 9th, 2015  Copyright ETS-Lindgren Inc. 13
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Example of FCC Spurlous Test

Level [dBm)] Uplink Signal

40 AN

20

-20

-40

e
I_{/;’"% e g

.--'—'—“'-'-"'_"‘_F.

-60 P
-f0

30M 50M TOM 100M 200M 300M 500M  7F0OM 116G
Frequency [Hz]
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ETSI Chamber

The above mentioned standards clearly define the Reflectivity of
absorber and chamber size, not chamber performance.

Q\/\/\/\/W\/W\/\WV\/\/W\/MB‘

A a(dB) E:;;F:T:ET L‘- Measurement distance :‘;:iil"g 5m
10— Mon-conductive turntables
10—+ Mon-conductive surface
90 T
80 v
oo Minimun firit for the sheilding Ground pian — 1m
60 T ’7 loss
5 ——
40 1
- ™y
20 7
:}D :: Lirriit of the return Measurement distance 5m
| | | | | I bssl I en conductive turntables

|
1 | 1 1 | 1 | |
10k 100k 1M 10M  30M 100M 300M 1G 4G 10G fHg) |

:

L F
\\(_/ “-« Filter blocks and Shielded room without
coaxial feedthrough absorbers for the

test instruments

June 9th, 2015  Copyright ETS-Lindgren Inc. 15



NNETS-LINDGREN' .

An ESCO Technologies Company

ETSI Chame

,/
oy
\\
S ;
< ;
i ». Yl # 3 .
t : .
» ' o
> - -
o —

>

: weanl
bl L TTTILL L

AL ELCOITr

—J'.~‘ S

e

June 9th, 2015  Copyright ETS-Lindgren Inc.



SNETS-LINDGREN e (.

An ESCO Technologies Company

ETSI Standard Basics

F EMI measured from 30MHz to 12.75GHz

E The receiving device is spectrum analyzer (3dB BW
RBW), not EMI receiver (6dB BW RBW).

E No defined chamber performance test
E Only absorber requirement
E And suggested chamber size (10m x 5m x 5m)
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ETSI RBW/VBW Settings

F Hereis to given one example.

GSME50 (CH190) GSM900 (CH62)  GSM1800 (CH700)  GSM1900 (CHE61)

fL/fH 824 849 880 915 1710 1785 1850 1910
fo 836.6 902.4 1747.8 1880

RBW VBW fstart fstop fstart fstop fstart fstop fstart fstop
10k 30k 30 50 30 50 30 50 30 50
100k 300k 50 500 50 500 50 500 50 500
3MHz 3MHz 500 794 500 850 500 1680 500 1820
1MHz 3MHz 794 804 850 860 1680 1690 1820 1830
300k 1MHz 804 814 860 870 1690 1700 1830 1840
100k 300k 814 824 870 8380 1700 1710 1840 1850
100k 300k 824 830.6 880 896.4 1710 1741.8 1850 1874

830.6 834.8 896.4 900.6 1741.8 1746 1874 1878.2

834.8 838.4 900.6 904.2 1746 174%.6 | 1878.2 18818
838.4 842.6 904.2 908.4 1749.6 1753.8 1881.8 1886

100k 300k 842.6 849 908.4 915 1753.8 1785 1886 1910
100k 300k 845 859 915 925 1785 1795 1910 1920
300k 1MHz 859 869 925 935 1795 1805 1920 1930
1MHz 3MHz 869 879 935 945 1805 1815 1930 1940
3MHz 3MHz 879 A000 945 4000 1815 4000 1940 A000

June 9th, 2015  Copyright ETS-Lindgren Inc. 18
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E  Harmonics are mostly limited to -30dBm (in dBd), or -27.85dBm (in dBi) [dBd = dBi —2.15]

Ll
o
L)
o
-
)

Freq. Range Limit RBW

(MHz) (ERP,dBm) | (kHz)
30 — 1000 -36 100
1000-12,750 -30 1000

Freq. Range  GSM 850/900/1900 and GSM 400/700 (ERP in dBd) GSM1800 (ERP in dBd)

30-1000 MHz -36 dBm -36 dBm
1000-4000 MHz -30 dBm (see separate limits)
1000-1710 MHz -30 dBm
1710-1785 MHz -36 dBm
1785-4000 MHz -30 dBm
Freq. Range CDMA (Cell and PCS Bands)
30 =f<1000 MHz -36 dBm
1 =f<12.75 GHz -30 dBm
Exclusive Band near fc to be exempt
Freq. Range WCDMA Band LILIV, VI TD-SCDMA
30 =f<1000 MHz -36 dBm -36 dBm
1 =f<12.75 GHz -30 dBm -30 dBm
Exclusive Band near fc to be exempt 2013.4-2021.4 MHz
Freq. Range WiFi ISM Band and Bluetooth (EIRP limit)
30 =f«<1000 MHz -36 dBm
1=2f<12.75 GHz -30 dBm
1.8-1.9 GHz and 47 dBm
5.15-5.3 GHZ

June 9th, 2015  Copyright ETS-Lindgren Inc. 19
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Basic ETSI RSE System Diagram

B 3D positioner for 3D measurement
E Notch Filter to remove fundamental carrier
E Preamp to increase dynamic range

RF cable g% 11"

(«

Spectrum
Analyzer

Preamp Notch Filter
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Filters for EMC and Wireless

Basic RSE System Diagram ﬁf“'{.ﬂgﬁérﬂ' |

il
4
[
u

Spacirum Analyzer

Communication
Taxiar

9000606000

<F
4

v
o

B S

y
\$
I

Freq Air Loss | [1x6) Switch insertion | [1] Switch insertion | Approximated Cable | Filter Pass baned | &nlenma Gain | Preamp Gain|  Unk Budget
[MHE) {dn) Joss [dB] *2 loss [dB} "3 Toss [dB) Lo [dB] {d8] (8]
30 11 52663337 0.35 035 7 0.5 2 47 28.50337763
100 ZLBEA15718 .35 Q.25 T 0.3 2 47 18. 04560272
500 35.96359737 13,35 0.25 T 0.5 o 47 7066402635
1000 | 219841970 .36 .25 T .5 L 47 104580272 18 Bwidch
1500 | 4550602346 038 0z T 0.5 5 47 2476022462
2000 | 2B.00479719 0.35 035 T 0.5 T a7 -2.574797194
2500 | 49.EEIE .35 0.25 T 0.5 7 47 -1, 512997454
3000 | 515268017 036 025 7 0.5 7 47 -5.496622375 E 123 Swich
3500 | 42.BEssasay 0.38 0 T 0.5 7 47 -7.835558167
2000 | sepzszeTn 0.35 035 7 0.5 2 47 -7.555357107
4500 | 5504844756 0.35 035 7 0.5 i &7 -3.003447556 ’_. S
5000 | 5596359737 .35 LE5 7 1.5 10 &7 -7.333537367
S500 | S6.39145107 .36 025 ¥ 5 10 a7 -5 6145107
G000 | 5754733125 035 02y T 0.5 10 47 -5.517222388 [ e - Farm e

|
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Typical Notch Filter

E Very sharp rejection band - 50dB rejections in 200kHz bandwidth

F To notch out the fundament which is strong enough to saturate
receiver

Widdersberger Str.14

i ; 82346 Andechs, Germany

Wal nwrlght Tel.: +49-8152-918230 Fa}:: +49-8152-918255

Instruments GmbH E-Mail: info@wainwright-filters.com

Internet: www.wainwright-filters.com
8 Resonator Notch Filter (Fixed Frequencyy ~ Model Number
Ultra Stable Cavity Design with customer specified Notch Fo to be specified

WRCT Series between 800 & 960 MHz (see below)

dB Customer Specified Notch Fo RL dB

’ [ T\ Vel — 1| 240
10 | 5 - ¥
Fo D6{MHZ N /500y, [ FO 0.8 MHz i
20 or Fo -0.8|MHz ar«f| or Fo +0.8|MHz 10 E
or Fo -1.0| MHz, mgr”'“ h or Fo +1.0(MHz I~
¢ | \a00kHzj |* =
W —q—c 1= | min | PRz -—q15 :
- ! | \ ’f T e o
= L 4
40 w | g 1Y 4 20 i
- L a7 P )
& " Approx. Weight:
60 | | 25 46 kg (101 lbs)
I\ |
T
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Filters for EMC
P EMC Solution for 2.7GHz or 6 GHz to 18 GHz

HPF filter used in series with Pre amplifier

Protects preamp from overload.

108071 B
&/—MLUDI
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Measured Graph

B Limitline for GSM900 steps at 1GHz
B Fundamental TX carrier is strong.

Effective Peak Limit Line

Response (dB)

60 ;
N

780 1000 1200 1400 1600 1800 2000 2200 2500
Frequency (MHz)
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Exclusion Band

B The fundament of 902.4MHz is taken out by the
BW of 3.6MHz.

Effective Peak Limit Line

40
30

20

10

0

-10

Response (dB)

30 |

60 ;
N

780 1000 1200 1400 1600 1800 2000 2200 2500
Frequency (MHz)
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able
B Table picks up peaks.

@Eile Edit Equipment Run Tools Window Help

D-w-dd eRhae. 22 FoFe N ® |

F'arametersl Graph Table |Haw Datal

24343 -38.75 -37.88 -38.47
243896 3767 -38.07 3773
2433 48 -36.55 -37.44 -37.70

2500 -30.47 -37.06 3727

Feak Fointz Final Feak Pointz Feak Cut Secondary
Angle

Frequency Hegponse Frequency  Cut Angle [
[(MHz] [dE] [(MHz]

945,519 -26.33 945,519 180
343,576 -26.83 343,576 0
537804 -23.60 5d7.804 30
343.016 -29.67 343.016
346,556 -30.35 346,556 30
538,801 -31.73 438,801
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ETSI 300 328 and 301 893

¥ RF Output Power Measurement

E Consideration for MIMO (Multiple Input Multiple Output)
devices are added.

B Special burst power sensor is required to perform the
test

F Requires store a lot of data that is later post processed
to get the output power

June 9th, 2015  Copyright ETS-Lindgren Inc. 28
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ETSI 300 328 and ETSI 301 893 Requirements

The ETSI standard defines simultaneously to be a minimum of 1
Mega-Samples per second (MS/s).

This requires the measurement system to be triggered
“simultaneously” and acquire data every 1 psec.

Port A

June 9th, 2015  Copyright ETS-Lindgren Inc. 29
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AP P U PP

Power Sensor 1

Sync.

Power Sensor 2

The multiple sensor measurements are combined in accordance with ETSI 300 328 and ETSI
301 893 The start and stop times of the individual burst must be recorded in order to
determine the Power over the burst using the formula shown in the standard.

1 ke Legend:
. P Lurst = Power, .. level burst
Phurst = I E I sample (n) k = total number of samples
n=1 n = sample number

June 9th, 2015  Copyright ETS-Lindgren Inc. 30
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What are we measuring?

Transmit-on (Tx-on) is where the device is transmitting

Transmitter-off (Tx-off) is where the transmitter is not transmitting
and the Tx-off time is less than the minimum transmit gap
characteristics

Transmit gap (Tx-gap) is defined by the manufacturer depending
on the product application with guidance provided by the standard

Transmit sequence (Tx-sequence) Is defined the period where a
single or multiple transmissions occur. The Tx-sequence follows a
Tx-gap

June 9th, 2015  Copyright ETS-Lindgren Inc.
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-50.000
Tx- Tx- Tx- Tx- Tx-
sequence sequence sequencea sequence saqueance
Tx-on Tx-on Tx-on Tx-on Tx-on Tx-on Tx-on Tx-on
-55.000 Tx%-0n Txion Tx-on— 1%-0n Tx-on Txion — Txon — 1%00— Tx-on TH0n Ty gn
i o R (et R S (AR i e S S s
"A" = Highest Values measured
Tx- Toe- ) Toe- | Te- [Twe- J T | T Tx- | T T | Tx- | Tx- Tx- | Tx-
off off | off |off |off |off |off off |off off | off | off off Joff
-60.000
Tx-1 Tx-ga = Tx-ga Tx-ga
_65.000 x-gap gap 3‘ Tx-gap gap gap
E
<]
o=
-70.000 £
g
-
o
-
o
m
-75.000
-80.000
-85.000 || || || "
-g0.000 -ud i . L l M l
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What we Calculate?

RF Power

Power (e.i.r.p.)
= A(Power Burst Levels) + G (Antenna Gain)
+ Y (Antenna Beamforming Gain)

June 9th, 2015  Copyright ETS-Lindgren Inc.
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What we Calculate?

Duty Cycle

Is the sum of all Tx-On times
between the end of first gap and the
start of the last burst divided by the
observation period.

June 9th, 2015  Copyright ETS-Lindgren Inc.

-90.000 !
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What we Calculate?

Medium Utilization
The goal here is to ensure equal access to the spectrum

RF Power (mW)
100(mW)

Medium Utilization = < ) * Duty Cycle

June 9th, 2015  Copyright ETS-Lindgren Inc.
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E Test Configuration Overview
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E Configuration Overview

Attenuators

Al
o
L J
o
-
’

% s Li8 beub

Test Computer

. —= Adapters [\

\
Attenuator b\

— Attenuator
- =
—

' Adapters
EMPower — . ol
ETSI Burst
Sensors
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E Configuration Sensor Connections
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E Configuration Sensor Connections

e . a===

File Action ‘iew Help
oo m|C Hem & NS

= Keyboards -

.ﬁ Mice and other pointing devices

& Monitors [ EMPower 7002-006 Properties

4 -&¥ Metwork sdapters

Vi Cisco AnyConnect Secure Mobill | | Gerersl |"’d‘““d ] [T ]Dd:.ﬁ
& Intel[F) EISTOLM Gigabit Metwod
& Intel[R) Centrino(R] Advanced-N EliPower 7002006

TS Ports (COM & LPT) = d

B Processars

™} Smart card reaclers

& Sound, video and game controllers

Dhavice typsan Uriversal Saral Bus conrlers
Marifach e FTDi

43> Storage controllers Lisc-atigmn Poat_&0001. Hub_#0007
B Systen devices
# -1 Universsl Senial Bus controllers Device stahus

¥ EMPower TO02-005
¥ Generic USE Hub
i Generic USE Hub
¥ Generic USE Hub
i eneric U3E Hub
¥ Generic USE Hub
i Intel{R) & Seres/C200 Series Chig
i Intel[R) & Senes/C200 Series Chip
¥ SafeMet Inc, HASP Key

§ SafeMet Inc. Senbingl HL Key
§ SafeMet Inc. USH Key

¥ USB Carmposite Device

¥ USB Composite Device

¥ USH Composite Device

i USE Componite Dence

i USE Cormpante Dence

¥ USH Roct Hub

¥ USH Root Hub

I'I'Iudew:e i wnrking propery
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