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WiFi, 5G, oder lieber UWB?
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Drahtlose Kommunikation – überall & jederzeit

WiFi, 5G, oder lieber UWB?2
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Wie findet man die ‚richtige‘ Technologie? 

WiFi, 5G, oder lieber UWB?3
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No single wireless communication technology is best, nor is any one right for every use case.
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No single wireless communication technology is best, nor is any one right for every use case.
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Was sagt uns der Markt …

WiFi, 5G, oder lieber UWB?5

Non-cellular LPWAN (0.2  0.5 Bn)

Cellular WAN (2.7  5.5 Bn; CAGR: +12%)

Short-Range (10.3  28.7 Bn ; CAGR: +19%)

Globally, 124 service providers have deployed or commercially 

launched NB-IoT networks and 57 have launched Cat-M, while

56 have deployed both technologies

By the end of 2028, almost 60 percent of cellular IoT

connections are forecast to be broadband

IoT, with 4G connecting the majority. 

Sources: Ericsson Mobility Report (Nov 2022)
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Nur ein paar Beispiele: drahtlose Anwendungen in der Fabrik  
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Bluetooth® Entwicklung über die letzten Jahre

WiFi, 5G, oder lieber UWB?7

Bluetooth 5.1

Direction

Angle of Arrival 
and Angle of 
Departure

Mesh

Meshed 
networking 

Bluetooth 5.2

LE audio

Isochronous 
physical  
channels

Power ctrl

Dynamic 
optimization of 
TX power

Bluetooth 5.0

Broadcast

Extended 
advertising 
capabilities

Speed

100% data rate 
improvement 
for low latency

Range

4x range to 
cover smart 
home or office
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Very High Throughput 

802.11ac

5

High Efficiency

802.11ax

6

Extreme High Throughput

802.11be
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Wi-Fi6 – die erste Wi-Fi Revolution
IEEE802.11ax – High Efficiency (HE)

WiFi, 5G, oder lieber UWB?9 Wi-Fi® is a registered trademark of Wi-Fi Alliance
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Nutzen von Wi-Fi6 (z.B. 160 MHz) bleibt
eingeschränkt in den vorhandenen Bändern

WiFi, 5G, oder lieber UWB?10

2.400 GHz

20 MHz

40 MHz

2.483 GHz

6.425 GHz 6.525 GHz 6.875 GHz 7.125 GHz5.945 GHz

20 MHz

40 MHz

80 MHz

160 MHz

5.730 GHz5.170 GHz

20 MHz

40 MHz

80 MHz

160 MHz

5.330 GHz 5.490 GHz 5.735 GHz 5.895 GHz

480 MHz (Europe)
1200 MHz (North Amercia)
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Wi-Fi7 für die ultimative Kundenzufriedenheit
IEEE802.11be – Extreme High Throughput (EHT)

WiFi, 5G, oder lieber UWB?11

GAMING

STREAMING

SCHOOLINGCONTROLING

WORKING

SHARING
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Wie kann man extrem hohen Datendurchsatz erreichen?
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𝑴𝒂𝒙 𝒑𝒉𝒚𝒔𝒊𝒄𝒂𝒍 𝒅𝒂𝒕𝒂 𝒓𝒂𝒕𝒆 𝒑𝒆𝒓 𝒍𝒊𝒏𝒌 = 𝑵𝑺𝑫

𝑵𝑪𝑩𝑷𝑺 ∙ 𝑹

𝑻𝑺𝒀𝑴
𝑵𝑺𝑺

𝑹 = ൗ5 6
𝑻𝑺𝒀𝑴 = 13.6 µs

𝑵𝑺𝑺 = 4

[12 bit][10 bit][8 bit][6 bit][4 bit]

𝑵𝑪𝑩𝑷𝑺

[3920 SC]

[1960 SC]

[936 SC]

[468 SC]

[234 SC]

Wi-Fi 7 (300%)

Wi-Fi 6 (126%)

Wi-Fi 5 (100%)

# of data carriers

# modulated bits code rate

#spatial streams
symbol time
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Wi-Fi 7 (802.11be)Wi-Fi 5 (802.11ac) Wi-Fi 6E (802.11ax)

Wi-Fi PHY Layer im Vergleich

WiFi, 5G, oder lieber UWB?13

Supported bands

Channel bandwidth (MHz)

2 GHz, 5 GHz, 6 GHz

Transmission scheme

20, 40, 80, 80+80, 160

OFDM, OFDMA

Subcarrier spacing 78.125 kHz

Guard interval 0.8 µs, 1.6 µs, 3.2 µs

Spatial streams 8x8 (incl. MU-MIMO)

Modulation (highest) 1024QAM (10 bit)256QAM (8 bit)

5 GHz

20, 40, 80, 80+80, 160

OFDM

8x8 (incl. DL-MU-MIMO) 

0.4 µs, 0.8 µs

312.5 kHz

Very High Throughput (VHT) High Efficiency (HE)

2 GHz, 5 GHz, 6 GHz

20, 40, 80, 160, 320

OFDM, OFDMA

78.125 kHz

0.8 µs, 1.6 µs, 3.2 µs

16x16 (incl. MU-MIMO)

4096QAM (12 bit)

Extreme High Throughput (EHT) 

* dependent on configuration (GI) and incl. signaling overhead
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Multi-link operation (MLO)

WiFi, 5G, oder lieber UWB?

Link 1 (2.4 GHz)

Link 2 (5 GHz)

Link 3 (6 GHz)

Simultaneous transmit & receive (STR) operation

STA MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

Non-simultaneous transmit & receive (NSTR) operation

AP MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

Link 2 (5 GHz)

Link 3 (6 GHz)

STA MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

AP MLD

U-MAC

L-MAC

L-MAC

L-MAC

PHY

PHY

PHY

STR link pair
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Restricted Target Wake Time für zeitkritische Anwendungen

WiFi, 5G, oder lieber UWB?15

STA1

STA2

STA3

AP

TWT1

rTWT3

TWT1

rTWT

sleep sleep

TWT introduced in 802.11ah to support low power IoT applications and allow the AP to minimize contention

STAs have to ensure that any 

transmission ends before the 

start of a restricted TWT

The channel can be exclusively used by STAs which have 

established membership to the restricted TWT schedule 
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Die Entwicklung des Mobilfunks wurde in der Vergangenheit 
weitgehend durch die Wünsche der Konsumenten bestimmt

WiFi, 5G, oder lieber UWB?

1990 2000 2010 2020 2030

1

2

Phone

Phone,SMS

Phone, SMS, Web

Voice, Audio, Video, Apps , …

G

G

3G

4G

eMBB, mMTC, URLLC, RedCap5G

16
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eMBB

URLLC

mMTC

Enhanced Mobile

BroadBand

RedCap

massive Machine 

Type Communication

Ultra-Reliable

Low-Latency

Communication

Reduced Capability
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PHY Layer Flexibilität und Komplexität

WiFi, 5G, oder lieber UWB?18

Flexible numerology e.g. 15 kHz, 30 kHz or 60 kHz

in FR1. Dynamic assignment of different BWPs

Fixed numerology based on 

15 kHz subcarrier spacing

Additional uses cases besides mobile 

broadband especially in the IoT

space: URLLC & mMTC
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Eine virtualisierte Netzwerk Infrastruktur – Ende-zu-Ende

WiFi, 5G, oder lieber UWB?19

Radio

Car (V2x)

Robot control

Glasses

Laptop

Core cloudEdge cloud

URLCC

eMBB

V2x Robot

Gaming Video

MEC

gNB 5GC

V2x Robot

Meter Parking

Gaming Video

URLCC

mIoT (mMTC)

5GC

eMBB

Application server

gNB_CU

gNB_CU

gNB_CU

Local

cloud

gNB

gNB_DU

gNB_DU

gNB_DU

gNB_DU

gNB_DU

gNB_DU

NSSAI {SST:2, ID:0}: URLCC slice 

NSSAI {SST:2, ID:2}: URLCC slice 

NSSAI {SST:3, ID:1}: mIoT slice 

NSSAI {SST:3, ID:3}: mIoT slice 

NSSAI {SST:1, ID:5}: eMBB slice 

NSSAI {SST:1, ID:6}: eMBB slice 
Smart meter

Park sensor

AMF SMF PCF

NSSF AUSF UDM

AF

UPF

5GC

Meter Parking

mIoT
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Continuous evolution of 5G NR to make the 5G vision real

WiFi, 5G, oder lieber UWB?

203020252020

5G NR
Phase 1

6G Research 6G Standardization

5G NR 
Phase 2

5G NR
Phase 2+

5G NR
Advanced

eMBB

FR1/2

3GPP 
Rel.15

04.2019

uRLLC

3GPP 
Rel.16

06.2020

NTN

RedCap

FR2-2

3GPP 
Rel.17

06.2022

XR

AI

Energy

3GPP 
Rel.18

03.2024
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Die 5G Toolbox für zuverlässige, zeitsensible Kommunikation

WiFi, 5G, oder lieber UWB?21

◆ Flexible timing 

Short symbol time, mini slots and 

flexible TDD UL/DL symbol assignment

◆ Flexible scheduling

Flexible & fast HARQ, semi-persistant

scheduling and pre-emption

◆ End-to-end optimization

Local processing, virtualization and 

traffic prioritization (QoS)

◆ Reliable transmission

Robust coding, repetition, diversity, 

redundant communication ways   

Security
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Rohde & Schwarz 5G NR private network Testbed zur 
Verifikation von Zuverlässigkeit, Qualität and Verfügbarkeit 

WiFi, 5G, oder lieber UWB?22

Instructions on tablets for mobile 

work force

Use 5G wireless links to control 

stationary robots

Integration of wireless links into 

existing automation processes

Connecting autonomous 

transporting systems / mobile robots



► Started with a 5G NSA 

installation

► Upgraded in 2022 to 

5G SA with 80 MHz 

bandwidth in private 

spectrum 3.72-3.8 GHz

► Testing different 

scenarios with focus on 

throughput, round trip 

time and one-way latency 

Setup RTT for 15 Mbps data rate service while walking through the factory hall

RTT Test 

0 ms

20 ms

40 ms

60 ms

RTT median: 20.32 ms

RTT max: 36.64 ms

Data profile characteristics

Profile Packet 

size

Packet 

rate

Data rate Delay 

Budget

High 1450 

Bytes

0.77 ms 15 Mbps 500 ms
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Fine Ranging Secure proximityLife Sensing

Drahtlose Technologien für weitergehende Anwendungen

WiFi, 5G, oder lieber UWB?24
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Technologien für die Abschätzung von Abstand und Position

WiFi, 5G, oder lieber UWB?25

Wireless Communication

Wi-Fi® UWB 3GPP(4G/5G) GNSSBluetooth® LE

Received
signal
strength

Phase
difference

Time
difference

Time of 
flight

Bluetooth® 5.1
Direction Finding
(AoA, AoD)

Bluetooth® 4.0
Proximity, 
Find me

RSSI
BSSI

802.11mc: FTM
802.11az: NGP

802.15.4z:
One way ranging
Two way ranging

UL-TDOA

DL-TDoA

Time of flight

802.15.4z: AoA

RSRP/ RSRQ
eCell ID
NR ECID

RTT
NR Multi-RTT

OTDOA 
NR DL-TDOA
NR UL-TDOA

NR DL-AoD
NR UL-AoA

Time difference
from several 
satellites 

Phase
shift

(Channel 
sounding)



► Erlaubt accurate und 

sichere Abstands-

messungen mittels Time of 

Flight Messungen

► Entwickelte sich in den 

letzten Jahren von der 

Nischentechnologie zum

Mainstream

UWB für sichere
Abstandsberechnung Pulse radio

Secure
ranging

Low power
wideband

Accurate
positioning

Rohde & Schwarz
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Populäre UWB Anwendungen

WiFi, 5G, oder lieber UWB?27
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