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Need for faster speed
and better distance
coverage

The ability to connect to the
internet via mobile devices

and the rising number of smart.
phones on the market required
the introduction of features
like MIMO.

More and more people wanted Wi-Fi
at home and at work. High speed
Wi-Fi was therefore required in the
5 GHz spectrum to relieve the over-
crowded 2.4 GHz spectrum

Enables use of the
sub GHz spectrum
for 10T and remote

internet applications.
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Wi-Fi technology evolution
N

Wi-Fi 4 (802.11n)

High Throughput (HT)

Supported bands 2.4 GHz, 5 GHz

Wi-Fi 5 (802.11ac) Wi-Fi 6E (802.11ax) Wi-Fi 7 (802.11be)

Very High Throughput (VHT) High Efficiency (HE)

5 GHz 2.4 GHz, 5 GHz, 6 GHz 2.4 GHz, 5 GHz, 6 GHz
Channel bandwidth (MHz) 20, 40 20, 40, 80, 80+80, 160 [ 20, 40, 80, 80+80, 160 20, 40, 80, 160, 320

Transmission scheme OFDM OFDM OFDM, OFDMA OFDM, OFDMA

Subcarrier spacing 312.5 kHz 312.5 kHz 78.125 kHz 78.125 kHz
Guard interval 0.4 ps, 0.8 s 0.4 ps, 0.8 s 0.8 us, 1.6 s, 3.2 us 0.8 s, 1.6 s, 3.2 us
Spatial streams 4x4 (SU-MIMO only) 8x8 (incl. DL-MU-MIMO) g 8x8 (incl. MU-MIMO) 16x16 (incl. MU-MIMO)

Modulation (highest) 64QAM (6 bit)

256QAM (8 bit) 1024QAM (10 bit) 4096QAM (12 bit)
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Wi-Fi technology evolution and regulatory requirements

Wi-Fi 7
(802.11be)

Wi-Fi 6E
(802.11ax)

Wi-Fi 5
(802.11ac)

Wi-Fi 4
(802.11n)

EN 300 328
2.4GHz band

EN 301 893
5GHz band

EN 303 687
6GHz band

47CFR 815.247
2.4GHz KDB558074

47CFR 815.407
5GHz KDB789033/90

47CFR §15.407
6GHz KDB987594
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Unlicensed frequency bands in ETSI and FCC standards
Regulatory requirements depend on the bands
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U-NII: Unlicensed National Information Infrastructure
DSRC: Dedicated Short-Range Communication
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IMT: International Mobile Telecommunication
ITU-WRC: International Telecommunication Union-World Radiocommunication Conference



CE RED focuses on 4 essential requirements

Directive 2014/35/EU
CENELEC - EN 50360
Specific Absorption Rate

6 Rohde & Schwarz
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EN 301 489-1 Common

EN 301 489-17 WLAN
EN 301 489-19 GNSS

EN 301 489-33 UWB

EN 301 489-50 Cellular BS
EN 301 489-52 Cellular UE
EN 301 489-?? ...

ectrum Specific topics
B2 Art 3.3

EN 300 328 WLAN2.4GHz
EN 301 893 WLANSGHz

EN 301 908-1 Cellular Common SUEE B e Co
EN 301 908-2 WCDMA UE

EN 301 908-3 WCDMABS

EN 301 908-13 LTE UE

EN 301 908-14 LTE BS

EN 301 908-24 5G NR BS

EN301 908-25 5G NR UE




Test cases for demonstration of compliance of CE RED
Different bands need different test cases

EN 300 328 EN 301 893 EN 303 687

Test case

2.4 GHz band 5 GHz band 6 GHz band

Carrier frequency accuracy X X
5 RF output power X X X
= Transmit power control (TPC) X
g Power spectral density X X X
& Occupied channel bandwidth X X X
= In out-of-band domain within 5 GHz bands  |within 6 GHz bands

Transmitter unwanted emissions Spurious domain Outside 5 GHz bands |Outside 6 GHz band

Duty cycle, TX sequence, TX gap X

Dwell time, min. freq. occupation, hopping
sequence (only for freq. hopping DUTs)
Hopping frequency separation

Medium utilization (MU) factor

Adaptivity

Dynamic frequency selection (DFS)
Receiver spurious emissions

Receiver blocking

Receiver adjacent channel selectivity
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Cellular technologies

publishes requirements *anybody” can develop specifications “marketing”

3GPP: LTE-Advanced (R10)

IMT - Advanced

_ IEEE: Advanced Mobile WiMAX, 802.16m
IMT - 2020 3GPP: “5G-RAN + 5GC + LTE” 5G

4G
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Specs...

» The specs are good harmonized over all instances . ETSI/EN/3GPP
» 2G: TS51-010 chapter 12/13
» 3G: TS34-121 Chapter 6,7

» 4G: TS36-521 Chapter 5,6,7
» 5G: TS38-521 Chapter 6,7
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Typical conformity tests
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EMC Electromagnetic Compatipility

Horizontal & Vertical ‘

EUT Turn Table
30MHz - 1GHz

1GHz -6GHz

Mast Controller
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EMI and EMS

Electromagnetic Compatibility

Electromagnetic Electromagnetic
Interference (EMI) : Susceptibility (EMS) :
Limiting the emissions of Ensuring the immunity of
the interference source the interference sink

Conducted
Susceptibility
Ensuring the

Radiated
Interference
Limiting the

Conducted
Interference
Limiting the

Radiated
Susceptibility
Ensuring the
emissions via
radiated
medium

emissions via
conducted
medium

immunity via
radiated
medium

immunity via
conducted
medium




Which standard shall we go for?
EMC Standards

1 Different Electronic Equipment require compliance to different Standards

Commercial Equipment: A&D Equipment: Automotive Equipment:

1 ISM Equipment 1 Aircraft Equipment 1 Control Equipment

1 Consumer Electronics 1 Ship & Submarine 1 Infotainment Equipment
Equipment Equipment 1 Communication Equipment

1 IT / Household Equipment 1 Land Based Equipment

1 Lighting Equipment

Applicable Standards: Applicable Standards: Applicable Standards:

1 CISPR 11 to 35 1 Mil-Std 461 1 CISPR 12, 25

1 IEC/EN61000-X-X series 1 Mil-Std 464 1 ISO11451,1S0O11452

1 Product Specific Standards 1 RTCA DO 160 1 Country specific standards

OEM Specific Standards

CENELE
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TAL RF Type Approval Lab RF

P
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» Transmitter:

1
2
3.
4

TX max Power
OCB

ACLR

EVM

» Reciever:

1.
2.

Sensitivity
ACS

» Equipments

1
2
3.
4

Network emulator
Shielded Box
Power supply
Bench analyzer



Specs...

» The specs are good harmonized over all instances . ETSI/EN/3GPP
» 2G: TS51-010 chapter 12/13
» 3G: TS34-121 Chapter 6,7

» 4G: TS36-521 Chapter 5,6,7
» 5G: TS38-521 Chapter 6,7
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SAR Specmc absorption rate

DAE EOC Robot
Phantom
TS{\ SAR Probe
DUT
Measurement Robot
server Server
DASY
B2 Computer

Rohde & Schwarz

Some dedicated specs
are:

IEC 62209
IEC 62209-2
IEEE 1528
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EMC&Regulatory Test for wireless devices
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