5G SAR and mmW Phase Array Antenna
Design Challenges

Auden Techno Corp.

2019/01/22

Company Confidential The World Class Wireless Total Solution Provider ! >

1 © 2019 Auden
auden certified



e Introductions

e Design challenge for mmWave antenna array
e Product and development roadmap
e Geometry and general spec. of the array module

e Usage scenario for mmWave AAAM
e Short range
e Middle range
e Long range
e Simulation results for 28G 8x8 AAAM
e Dual band 1x4 array for UE application

e 5G mmWave SAR test equipment (DASY6)
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Introductions (1/4)

e Three applications of 5G selected in ITU-R: eMBB, Massive MTC (IoT), Ultra-Reliable LLC
e Key capabilities to realize eMBB: >10Gbps peak user rate, >1000x system rate, energy efficiency
e Indispensible technology to realize eMBB: mmWave
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Introductions (2/4)

« There will be 4 to 6 antenna array sectors used in one base station or small cell
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¢ Large number of antennas used at the base station and mobile station
+ Antennas will be small -> no form factor challenges at the base station

¢ Directionality of the patterns changes many aspects of system design
+ Physical layer signal processing
+ Mobility management (e.g. initial access and handoff)

4+ Interference management
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Introductions (3/4)
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Introductions (4/4)
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mmWave antenna design challenge (1/8)

ChaHenges
Blockage and unknown mmWave channel characteristics
- mmWave antenna array design
« Device modeling and design flow
-  mmWave calibration for Massive MIMO and antenna array
- Beamforming and beam-tracking algorithm
- mmWave IC technologies

High path loss due to antenna aperture size and atmospheric absorption
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mmWave antenna design challenge (2/8)

- Blockage and unknown mmWave channel characteristics
Blockage is a major channel impairment
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Need models for blockage & system analysis including blockage
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mmWave antenna design challenge (3/8)

- Blockage and unknown mmWave channel characteristics
Implications of blockage

High BS density and multibase I Indoor users not covered by

connective provide diversity no coverage outdoor infrastructure

blocked\% >

upper array
blocked with flngers

=

unblocked interferer
used for macro diversity

lower array
blocked by person

Handset diversity Blockages reduce the

or user training impact of interference
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mmWave antenna design challenge (4/8)

- mmWave antenna array design

Delay Higher power at

4t 1

targeted receiver due
to coherent addition of
signls.

>
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Lower interference

due to incoherent

addition of signals.

With N element TX, if each element radiates P Watts,

Effective radiated power in target direction: N2.P Watts.
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mmWave antenna design challenge (5/8)

- mmWave antenna array design

'y
b £ e
Prototype 64 Prototype phased
element arrays by Samsung
Antenna arrays provide dielectric lens by Kok dolok
larger aperture Nokia* JU—

Early mmWave devices will use simple adaptive beam steering

* Cudak, M. et. al., "Experimental mm wave 5G cellular system,” in Globecom Workshops (GC Wkshps), 2014

** W. Hong; K. Baek; Y. Lee; Y. Kim; S. Ko, "Study and prototyping of practically large-scale mmWave antenna systems for 5G cellular devices,” in |EEE
Commun. Mag,, 2014

*** W. Roh et al. "Millimeter-wave beamforming as an enabling technology for 5G cellular communications: theoretical feasibility and prototype resuilts,” in
IEEE Commun. Mag, 2014

*+*+* G. M.Rebeiz et. al. "Millimeter-wave large-scale phased-arrays for 5G systems" Proc. [EEE MTT-S International Microwave Symposium, 2015.
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mmWave antenna design challenge (6/8)

- mmWave calibration for Massive MIMO and antenna array
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mmWave antenna design challenge (7/8)

 Beamforming and beam- trackmg algorlthm
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variation (due to dependence on
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(very high resolution phase
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possible)
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{Variations due to analog components can be
partially compensated by digital domain
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Calibration to combine both beamforming states

for optimal performance
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mmWave antenna design challenge (8/8)

- mmWave IC technologies

> 26.5 ~ 29.5 GHz operation

> 8 radiation elements

» 100 ns Tx/Rx switching times

> 20 ns gain and phase setting time
> 30 typical RMS phase error

> 0.4 dB typical RMS gain error

> 31.5 dB gain attenuation range
> 4-bit chip address

> Internal temp. sensor

> Internal power detection

» 50 MHz SPI control

> Programmable on-chip memory
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Product & development roadmap

Active Antenna Array Module _
Dual polarization
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Photo of the 4x4 active antenna array module
-Scalable 28 GHz mmWave AAAM-
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28G 8x8 single polarized array
-Scalable 28 GHz mmWave AAAM-

e Product spec.

> 26.5 ~ 28.5 GHz operation

| > Tx/Rx half duplex operation (TDD only)
: > Peak EIRP: +51 dBm (broadside)

eEpEns LN B

essnenns ff | »Linear polarization

| il | | > Horizontal scan angle: +60°

B sssans | > Vertical scan angle: +60°

| : : : : : : : :: > Programmable beamwidth
T — VI > Fast beam update rate
& > Analog beam-former design

Y ' > SPI interface with 50MHz clock rate

L . ) ) b
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39G 8x8 single polarized array
-Scalable 39 GHz mmWave AAAM-

e Product spec.
. » 37 ~ 40 GHz operation

- .| »Tx/Rx half duplex operation (TDD only)
& | >Peak EIRP: +51 dBm (broadside)
EEEEEE® ‘ == ’,,: ': > Linear pOlarizatiOI‘l

siiiiiii = | >Horizontal scan angle: +60°

bl - | > Vertical scan angle: +60°

| i » Programmable beamwidth

> Fast beam update rate

> Analog beam-former design

.\ > SPI interface with 50MHz clock rate

L . . ) b
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28G 8x8 Dual-polarized array
-Scalable 28 GHz mmWave AAAM-
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e Preliminary product spec.

> 26.5 ~ 28.5 GHz operation

> Tx/Rx half duplex operation (TDD only)
> Peak EIRP: +51 dBm (broadside)

> Dual polarization (VP + HP)

> Horizontal scan angle: +60°

> Vertical scan angle: £60°

> Programmable beamwidth

> Fast beam update rate

> Analog beam-former design

> SPI interface with 50MHz clock rate

70 {mm) t.
L . ) ) B
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I

28G 8x8 4 channel with U/D converter
-Scalable 28 GHz mmWave AAAM-
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e Preliminary product spec.

> 26.5 ~ 28.5 GHz operation

» Tx/Rx half duplex operation (TDD only)
> Peak EIRP: +55 dBm (broadside)

> Linear polarization

> Horizontal scan angle: £60°

> Vertical scan angle: £60°

> Programmable beamwidth

> Fast beam update rate

> 4-streams simultaneously transmission
> Hybrid beam-former design (ABF+DBF)

> Scalable for residential, non-residential
small cell and base station applications

>4 channel IF I/0 (low loss & low cost)

TO (mm}
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Usage scenario for mmWave AAAM
-Short range-
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Usage scenario for mmWave AAAM
-Middle range-
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Usage scenario for mmWave AAAM
-Long range-

Long distance
transmission
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Usage scenario for mmWave AAAM
-MU-MIMO application-
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Simulation results for 28 GHz 8x8 array module
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Simulation results for 28 GHz 8x8 array module
-Vertical Beam Scan-

XZ plane @27.5 GHz
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Dual-band linear array DK for handheld
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e Preliminary product spec.

> 26.5 ~ 28.5 GHz & 37 ~ 40 GHz

> Tx/Rx half duplex operation (TDD only)

> Peak EIRP: + 24 dBm

> Linear pol. (Vertical or Horizontal)
> Horizontal scan angle: +40°

Y W . > Fast beam update rate
‘sc\ ",x‘\\ ,/'?( f
RN " > Analog beam-former design
. Nk /> Suitable for material
e 5.7

___evaluation

G
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Case Study: Verify Performance on Antenna

Challenge: Base station vendor wanted < 1 % cw E‘i;ir;frg‘gpp - e EAligintJﬁ ased

‘wanted’ signal

EVM on a Wideband Signal

e Is the waveform created with 5G compliant
waveform with numerology, UL, DL scheduling?

e Can the equipment produce clean mmWave
signals?

| Analog Vector

"M9383A Source GUI's 89600 VSA 3GPP NR
Demod

e Performance mmWave measurements?

Solution: Flexible Testbed

- 5G NR compliant waveform s \KEYSIGXA
9

generation; N7631C & M9383A : 53A — —M93
« Best-in-class EVM performance; — Analyzer —
N9040B or M9393A with 89601B
(VSA)

 Flexible configurations can scale

https:/ /www.youtube.com/watch?v=FQBIxIw-nok
as the standards evolve

L . ) ) B
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Verify Performance on Antenna
5G NR Downlink

100 MHz BW @ 28 GHz
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EUMMWV2i5 # % 2 DASY6 %
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5G System Verification Packages

B 10GHz: 8.2-12.4 GHz horn > SMA* & v
m 30, 60, and 90 GHz: i > e7H T 4F & Hhehorn » 12V DCE &
m 2IECTR63170= > L %

[ E»,‘ o A
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Comparison of DASY52 and DASY6
.| DASY|®2 | DASY6 |

Hard ware
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TSt =REEQ ot LR R e fr
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Auden 28G & 39G mmWave Solution

« Scalable mmWave AAAM for Small Cell & CPE
- Dual Band Antenna Array for UE
« Channel capacity Measurement system

Macro cell
Base Station
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Auden 28G & 39G mmWave Solution for 5G
Ecosystem Partner

Significant Advantages Te'ﬁcs%m &
- Controllable transmission Patten - Good Efficiency

- Anti-interference

- Save space for compact size,
- Scalable, customized design Support multiple eMBB
usage scenarios Internet giants

Provider

4K Video
System Chi
Provider CO?‘nIgEﬂng Manufacrt)urer
_ VR/AR |
Challenges Overcome ke, Phiustrial
- High Cost Cable and Connector Smart utomation
- High Lost Home/City Autonomous
- Thermal and Power Consumption MTC RO&%?]‘; & ;/_eh'C'e URL
_ - Inance
Our leading technology of measurement TR

Equipment

& Material Standards

L . . ) b
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(((( ))) Antenna, the last mile of
W

lreless solutions and mobility
&

@)
auden

mmWave solution provider

L . . ) b
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