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• Introduction

• How to increase 5G data throughput

• A look at some real measurements

• Questions
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A Q U I C K  T O U R  T H R O U G H  H I S T O R Y …

1G 2G 3G 4G 5G
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Better Spectral Efficiency

•Clever modulation & coding schemes

Cell Densification

•Add more base stations

Use more spectrum

𝐶 = 𝐵 𝐿𝑂𝐺2 1 +
𝑆

𝑁Ultra-Reliable Low Latency 

Communications

Enhanced Mobile Broadband

Massive Machine Type 

Communications
Figure 1: Source ITU 5G Recommendations 9/2015
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H I G H E R  O R D E R  M O D U L AT I O N  – T H E  C U R E
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H I G H E R  O R D E R  M O D U L AT I O N  – T H E  P R O B L E M

Crest Factor = >10 dB?

Time

Amplitude

Average Signal Level

Peak
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S PAT I A L  M U LT I P L E X I N G  – T H E  C U R E
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Spatial Multiplexing Performance

S PAT I A L  M U LT I P L E X I N G  – T H E  P R O B L E M

Tx0

Tx1

Rx0

Rx1

Spatial Multiplexing

Approaching 2x channel capacity 

at low correlation & high SNR
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H I G H E R  F R E Q U E N C I E S  F O R  H I G H E R  D ATA R AT E S

*Gigabit LTE and beyond: Mobilizing millimeter wave

21.1 GHz of new unlicensed spectrum

1 3 20 30 40 50 60 70-80 116-123 174.8-182 185-190 244-246

Current

IMT

Bands

24 GHz

Licensed

LMDS

Licensed

40 GHZ

Licensed
50 GHz

Licensed

60 GHz

Licensed

70-80 GHz

Licensed
116-123 GHz

Unlicensed

174.5-182 GHz

Unlicensed
185-190 GHz

Unlicensed

244-246 GHz

Unlicensed

95

10 yr Experimental license use on any frequencies between (95 GHz – 3 THz)

7
.2

5
 -

7
.7

5

8
.5

 –
1

0
.5

5

2
4
.2

5
 -

2
7
.5

7
.9

 –
8

.4
1

0
.7

 –
1

2
.7

5

1
3
.7

5
 –

1
4
.5

1
8
 -

2
1

2
4
 –

2
6
.5

2
8
 -

3
1

3
6
 -

4
0

1
3
.4

 -
1
4

1
5
.7

 –
1

7
.7

2
4
.0

5
 –

2
4
.2

5

3
3
.4

 -
3
6

4
3
.4

 -
4

4
.5

5
9
 -

6
4

7
6
 -

8
1

9
2
 -

1
0
0

2
6
.5

 -
2

9
.5

3
7
 -

3
8
.6

3
8
.6

 -
4
0

4
0
.5

 -
4

3
.5

4
7
.2

 -
5

0
.2

4
5
.5

 -
4

7
.5

5
0
.4

 -
5

2
.6

6
4
 -

7
1

8
1
 -

8
6

GHz

2
7
.5

 -
2

8
.3

5



10

W I D E R  B A N D W I D T H S  – T H E  P R O B L E M

2 GHz BW

3 dB SNR decrease

Frequency

Amplitude

LTE (20 MHz BW) compared to 5G (2 GHz BW):  SNR delta = 20 dB!

1 GHz BW
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I N C R E A S E D  S Y S T E M  N O I S E

• Wideband noise will often limit

device & measurement performance

• Any back-off needed to prevent signal 

compression makes the problem worse
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Input Power

Noise with 2 GHz  

bandwidth Signals

Noise with 100 MHz

bandwidth Signals

1 dB compression point

Operating range
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C H A L L E N G E S

Key Test 
Equipment 
Attributes

High power Low noise floor
Multi-channel 

measurement capability
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A Quick Look at Some Real 

Measurements…
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3 G P P  C O N F O R M A N C E  R E A D Y  – H I G H  P E R F O R M A N C E

N9040B & N9041BVXG
44 GHz Dual Ch. Source

UXR
110 GHz Oscilloscope

UXA
110 GHz Signal Analyzer

DC Power Analyzer

Device Under Test
Cross-polarized 28 GHz phased arrayTest Signal

2x2 MIMO at 28 GHz
Key Features

• 44 GHz Signal Creation / 110 GHz Analysis

• Multi-channel

• High Output Power

• 2 GHz signal Creation BW

• 110 GHz BW Demodulation Analysis

• Swept-tuned measurements to 110 GHz

• Import S-Parameters to de-embed test fixture
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N O W  Y O U  C A N :  A C H I E V E  S U B  1 0  G H Z  N O I S E  L E V E L S  AT  7 0  G H Z  S P E E D S

Z-Series UXR

UXR has >8 dB/Hz better noise density
50 Ω Terminated 50 Ω Terminated 
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V S A M E A S U R E M E N T  D E TA I L
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VSA Demo
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A D D I T I O N A L  M E A S U R E M E N T S
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A N T E N N A PAT T E R N

Antenna Pattern
Transmit H, Receive H

Antenna Pattern
Transmit H, Receive V
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A D D I T I O N A L  PAT T E R N S

Power Surface
Transmit H, Receive H

Power Surface
Transmit H, Receive V
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T H E  S I G N A L  PAT H  TA K E S  A C L O S E R  L O O K

Search Signal Path UXR on YouTube

• Independent Blogger looks inside the UXR

• Performs live measurements

• Circuit analysis

• ~1 hr. video

• Recent comments on YouTube
• ‘All that RF voodoo’

• ‘That is too far from the electronics.  That is pure witchcraft :D’

• ‘...had to explain office-mate why I was drooling...’

• https://www.youtube.com/watch?v=DXYje2B04xE&t=1338s

Keysight World

https://www.youtube.com/watch?v=DXYje2B04xE&t=1338s
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Q U E S T I O N S
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