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Challenges and Techniques for Characterizing
Antenna Systems for 5G

LT LW
"\
‘)T

£ n?,

w4

4 ’&-
p)

|

-
’,u_

- 4

5G & loT — Creating )évVah(/ »

B s i 441

the la
7 />*§“ ¥ —~
| ’*’g’fgfﬂ.\’ b . N o, S~
- \' W“ L4 =

Dr. Taro Eichler
Technology Manager

May 24th, 2017, 13:00-13:40

ROHDE&SCHWARZ
D Ty A v s ey o 'a

-



5G use cases and implications

enhanced Mobile
Broadband (eMBB)

Ultra reliable &

‘ low Latency
communication
massive Machine (URLLC)
Type
Communication
(mMMTC)

0 ;

Increased Capacity, Increased OPEX

Capacity
(bits/second) /

\C = liVNlogz(l -FS]\I’R)

Number of Channels

Signal BW (Hz) Signal to Noise Ratio (S/N)

Solutions: mmWave & Massive MIMO

* Use additional frequency bands in mmWave spectrum (24
to 110 GHz) for increased signal bandwidth up to 2 GHz

*Increase SNR of 5G waveforms and multiple access

* Implement Massive MIMO with multiple channels and
beamforming to improve SNR

ROHDE &SCHWARZ Easiest ways to improve capacity: MIMO and Signal BW



Massive MIMO increases capacity reducing expenses

Increased Capacity, Increased OPEX

BS Locations

Low data rates
on edges /.

Traffic

Voice dominated Expenses
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What are the Challenges?

Problem: Measure 5G Massive MIMO Systems

Challenge 64+ Integrated Transceivers
Challenge  128-256 Integrated Antennas
Challenge  Bi-directional measurements
Challenge  Transceiver & Antenna Performance
Challenge  No test ports

Customer  Speed, low-cost, and compact
Customer  Modulated and CW Waveforms
Customer  Antenna Phase Calibration

How Cables? Too complex, no DUT access
How Far-field? Huge chambers, high-cost
How Near-field? Too slow

How Something special this way comes....

ROHDE&SCHWARZ

The Dream: Compact, Fast, & Low-Cost 5G Measurements

e T! 100kHz to 40GHz
S——EIL N \|odulated/CW
R&SCSMW200A

R&S®RT02044
Sub 6 GHz
1 =l
®]
AR 5\ - 160MH

10Hz to 40GHz
Modulated/CW

Calibration




Critical Properties of Electromagnetic Fields

8 Element Antenna Array

Mu

Reactlve Near
Field Region

WMWW ////////////// '

Radiated Near Field Region

Far Field
Magnitude

Phase & Magnitude

- » <

0.62VD*/ A
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Reactive Near Field Region (< 0.6m)

Any object in this region becomes part of antenna
system & interferes with the measurements




: - : 2D 22 HPBW (radians)
DUT Size vs Far Field Distance = (22" or pors)
DUT Size >>> Wavelength & Antenna Size (Boundary of Current Flow) DUT Size >~ Wavelength or Antenna

Far-field: - Interference Pattern

Plane Power 4
Waves ;
Drsine

" Far-field
(Parallel Waves)

T

E E /2 +/1/2—> sin o -!;_L|jant —>

—
Null-to-null Beamwidth DUT

(amin) =200

Far Field Distance (Rrr) 28GHz Example (4 = 10.7mm) | 2.8GHz Example (4 = 107mm)

- “""f' D = 8.5cm
= Dsinay; smao—ﬁ : 1| BEEESH DUT = 50cm

l/a’mm D Ay = 360 - Amin = 720

D = 70cm
DUT = 80cm

e '.;L'......E |
D

UNIN

ay =3.8% - apip, = 7.6°

=2 | R..=R.= 22 = 1.35m 21
: Amin FF D aTznin ' Rpr = Rpyr = — = 11.9m
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<2D2 22 ) HPBW (radians)
FF — or

Chamber Size: Far-field or Near-field?

1 e Half-power beam width
Basestations: Subarray Measurements (Dant << DUT) UES: Dant ~ DUT
Dant=8.5cm
>
ITUpITITE A
1t 28GHz Subarray (2 = 10.7mm, Den=4cm 28GHz UE Subarray
e f HPBW=7.2°) I..... (HPBW=15°)
(=
Criteria Far-field Distance = L
5(; C
g 2)/HPBW? 1.35 meters T 2U/HPBW? 030 meters
I 28GHz Entire Base-station s ]
'é (HPBW=1.2°) S ?8GHz Entire UE
2
2D 46 meters mEEEE l 2D2 1.86 meters

DUT]

Far-field criteriais met for UE & Base-station Subarrays for R&S Chambers
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Cellular Infrastructure Evolution to 5G

Passive Antennas & Separate Radio Transceivers

Traditional Distributed
Base station Base station
External K
Remote Radio

Amplifiers
Heads

BBU
+
Radio
Head Coax er
B‘s‘;ﬁ;“l Cables Fr:::hsul !
2-5m —>| < 5100m —>
Traditional: 1G & 2G Distributed: 3G & 4G
0.45t01.9 GHz 0.7 t0 3.6 GHz
8 dual-polarized antennas 8+ dual-polarized passive antennas
Peak Data Rate: 114 kbps Peak Data Rate: 150 Mbps

Active Antenna System
Antenna + Integrated TRx

slelale]

Centralized - ‘
Base station

-

[588
i
i

Backhaul
S1

Virtual BBU

Cloud Fiber
Fronthaul ‘

le— 10-40 km —>

Centralized: 4.5G & 5G

3.4t0 6 GHz & 20-60 GHz
128-512 active antennas
Peak Data Rate: 10 Gbps




Massive MIMO = Beamforming + MIMO

o—E N P
Xa(t) ——> g \ M
Xo(t) —> E __,Q + X1(t)=—>] TRx Y
) —| 2 — . s

Massive arrays of 128-1024 active antenna elements
Multi User-MIMO T T T i T
Increase SINR and capacity for each user bud bud bed bed bed
i.e. UEL: 16 ant BF with 16x2 MIMO ik ik v v v
UEZ2: 32 ant BF with 8x2 MIMO % % s s s
=y =y =9 =9 =9

% %! il il 4




More Antennas: easiest way to improve energy efficiency

j Pss = 0.008

Number of UEs: 1
Number of Antennas = 120 antennas per UE

Number of BS Transmit
Antennas

Normalized Output Power of
Antennas

Normalized Output Power of
Base Station

Source: IEEE Signal Processing Magazine, Jan 2013
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How to Steer Beams? 8 Element Dipole Array Example

Beamsteering (Phase Shift) Sidelobe Suppression

qof | T a=0 ot ] 1ol [——a¢=90
f - = = Linear Taper

Principle of Beamforming & Beamsteering

1.Fixed antenna spacing d
2.Choose direction 6

Al
A}
1
3.Set phase shifts A¢ ) Ly
P J
@ 10 ':, A
To far-field = N -'
T 'S ' Y '
. O -20¢ ] o
2 - ) ! L
s 1 i
Ap = Td sin 6 30 b '-;'.;' '
o " " l' \
R " W
91/ @2 - . g1 y
‘
& 0 50 b -50 0
A t d Angle (degrees) Angle (degrees)
niennas - >
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The “Real” Challenge with Phase: Tolerances

Ouput signal power indB
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Azimuth q: in®
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180

Comparlson between ideal and calibrated

MU-MIMO

Multiple beams
place nulls at other
UEs:
Null-steering

Require a
self-calibri
operat

Ouput signal power indB
M
o

ideal sensors

—— sensors without calib.

—-25
—3a0
ast ~20dB
—40f u
—-45 - ‘ ; - : - ; :
20 40 60 20 100 120 140 160
Azimuth §in ®

Gerhard Doblinger, June 2010, Vienna University of Technology, Austria

180

Comparison between ideal and non-calibrated




2D vs 3D-MIMO: 1-axis vs 2-axis Beamsteering

Beam Power more
focused
Beam Direction more
accurate

MU-MIMO required

2D-MIMO: Switched Beams 3D-MIMO or FD-MIMO




Active Antennas Systems

Massive MIMO Active Antenna System (sub 6GHz)

MEEHREE N
LEXTERERR TR
LELEEFE R
HIIIIIIIII
NS EEEEN
IEEEEEEEN

64 - 128 Dual-Polarized Antennas

CEETLEYYL
LERTTRR Y

64 - 128 RF Transceivers

FPGA + Fiber TRx

] ] ) (]
Baseband

Traditional Test & Measurement

Baseband

OTA for Integrated 5G DUTs




Measuring 5G mmWave & Massive MIMO Systems

S-Parameter [Magntude n ds]
£ SRn o O G R P [ | |

......
......

Measure mutual
coupling
S-Parameters
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5G OTA Measurement Systems

Far field Chamber Near field Chamber

Chamber
Type

Far Field > D24

Range Length

MPAC > D2fA
ArDitra Plana Near Field < D2/

CATR 2D to 4D

|EaRanaRnN
jananananss
(ssusnsune

Measurement
Time (EVM)

Chamber
Type

1second
10-15 minutes

1second

1 second

ROHDE&SCHWARZ



Massive MIMO: Far-Field Measurement System

Mm Far Field
I l””””f&mm” : Magnitude

|
be s b

w08 0ERA0E0E0ER0EAE0ERE0ERDEEENERERERERESEEEELELES:
v_.

'>
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Passive Measurements

Dual-Polarized High-Gain
_3 3D Rotation of Massive Antenna
MIMO DUT (~50 kg) -

R&SPVNA

Active Measurements

R&S®Signal Generator

L PN,

D

o5 Rl —H
D S

J U P

C'Ss D 0O

DUT-MEAS Antenna Separation ~10 meters for sub-6GHz Massive MIMO

Industry Standard: R > 2D/

_"

R&S®Signal Analyzer

=FE R R RERREERERERRERREEE R R R R R R R R R R R R R R R R R R R R R
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Radiated Near Field Region
Phase & Magnitude

1. Complex Wave: Measurement 2. Fourier Transform: Software 3. Far-field: Generated

Ny
0

Near field E-field
measurements
over surface

> E-Field

Planar Spherical

How to measure the phase for Massive MIMO
DUT with no test ports?




... Measurement

S Measurement .. Surface
Antenna

ﬁ‘l Rotating DUT
| |

" EiRP & EiS: Digital IQ
and/or Test Interface

*Measurement Points: Assume 5° spacing in ¢ and 6

Radiated Near Field Region
Phase & Magnitude

Two-Sphere Approach

*Measurement Points: 10000 B —_

.................................... % Measurement
’ Measurement .. ", Surface 2
Surface 1 ’

Use Surface 1 to as phase reference for Surface 2
measurement (unproven for high-gain antennas).

Interferometry (WPTC Spiral Scanner)

*Measurement Points: 40000

Measurement
A Antenna

Rotating DUT
* Relerence At

% Reference
*Antenna

Phase Shifter

¢ = [0, /2, 7] - ?Y EiS Test Mode: DUT
Access Required

Combine signal of known phase with signal of unknown

phase in order to extract unknown phase (optics)




R&S®VNA
Narrow-Band Signal

l Each grid point measures
| two polarizations of E-field
Measurement
Antenna Phase Retrieval:
| Interferometric mixing of
signal with known phase

with signal of unknown
phase

Phase Shifter
(4 =[0) /2, i

Reference
Antenna

—

Reference antenna injects 4
signals with different phase
shifts

or

Modulated/CW

R&S®Signal Analyzer

ROHDE&SCHWARZ

ement System

4 phase
measurements
per grid point
1000’s of points
+
NF2FF
transformation
2 minutes per
frequency



Near-field to Far-field Transformation — FIAFTA

Equivalent Sources T e e : "
' ity e+ M i

Arbitrary Grids Mhata gt
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It's all about the cables in 5G mmWave Systems

3D Gain Patterns of mmWave UE antenna

Flexible mmWave Cable Losses
=12

-9

=6
-3

Insertion Loss (dB/m)

10 20 30 40 50 60
O e T e e |

Frequency (GHz)

High Precision & Low-loss cable

70 GHz: > $1000 USD/meter

No Measurement Cable With Measurement Cable

Antenna couples to all surrounding objects
Conductive measurements introduce large error




How to measure EiRP for mmWave UEs?

4G: 2.8 GHz UE 5G: 28GHz UE

Sidelobes

Omni/Uni-directional EVM, ACLR, Spurious Emissions, ... will require 3D
Single direction EiRP/EIS measurements




Step 1: Replace mmWave cable from DUT with OTA

R&S®TS7380

Dual-Pol Antenna

Radiated Tests (previously done conducted)

R&S®ATS1000
anvmane Optimized system design with dedicated signal
conditioning HW

Design and level analysis for each test
Verified performance based on test experience

System calibration routine for high accuracy

Special: Antenna Tests with ATS1000

EiRP/TRP/Gain Pattern (2D/3D)

Special: Radiated Phase Calibration

R&S algorithm with phase demodulation by
Signal Analyzer FSW allows accurate phase
measurements between antennas

9 9 ? v v

.

~

RF Test

™

Radiated and
conducted
Pout

Gain
RSB
P1dB
Flatness
Noise figure
IP3
EVM
Pout
Emissions

Carrier
Suppression

RSB
Flatness
ACLR

pattern

Phase Shifter
accuracy



¥ Antenna Array Beamsteering
Magnitude Only R o N

mmWave DUTs will not have antenna
connectors
OTA Measurements will be mandatory for R&S'TS7124

production Shielded chamber Vivaldi Probe
(TS7124) 28-77 GHz

Measurement Scenarios

| —————— USB —»
]

RF antenna array
““OTA Power Sensor

2D Beam-Steering 3D Beam-Steering

Control PC

ROHDE&SCHWARZ



Step 2: Remove all mmWave cables in OTA

OTA Power Sensor: Vivaldi Antenna + Power Meter /___.--"\'\-'\
@. a—jt out ;gf_“ 2D Beam-Steering
RF OTA OTA RF Digtal o |

3D Beam-Steering

&

R&SPTS7124 RESNRPM-A66 R&S*NRPM3 el
Shieided Box OTA PowerSensor PowerMeter but

4|
.




3D Measurements at 5G mmWave: 28 GHz

UE Beam Pattern #1 UE Beam Pattern #N

1) Beam direction established =\
@ by LINK antenna

2) MEAS antenna measures
3D radiation pattern

\ k

e.g. LTE anchor e.g. LTE anchor

RAN4 proposal: Independent link and measurement antennas



Signal generation and analysis benchmark performance

I When using the test instruments to
measure the EVM of such a 5G signal
at 28 GHz, measurement results are
below 1 % across a 10 dB power
sweep.

WS_TU202: Verizon 5G and 3GPP
New Radio (NR) Generation and
Analysis
(102) Rohde & Schwarz

Rohde & Schwarz supports 5G signal generation and analysis

based on Verizon 5G open trial specifications

ROHDE&SCHWARZ


https://www.rohde-schwarz.com/news-press/press-room/press-releases-detailpages/rohde-schwarz-supports-5g-signal-generation-and-analysis-based-on-verizon-5g-open-trial-specifications-press_releases_detailpage_229356-325256.html

R&S 5G OTA Product Matrix

TYea

CTIA OTA:
TS8991/WPTC

OTA R&D:
WPTC Spiral
Scanner

OTA R&D and
Production:
ATS1000

-
>

—~
-
-
-

-
-
"

RIS |
niddddidiiddin I

OTA R&D:
DST 200

OTA Production:
NRPM OTA Power

Sensors

Far-field speed
+
Near-field
Size

Coming soon in
2018 for Massive
MIMO Production

0.4 to 18 GHz 0.4 to 40 GHz 0.4 to 90 GHz 0.4 to 40 GHz 28-75 GHz
250x250x220 cm | 250x250x220 cm | 85x100x180 cm 77X76x70 cm 45x40x48 cm Far-field speed
+
Near & Far Near & Far Near & Far Far Field (UEs) Near & Far .
Near-field
Modulated/CW Modulated/CW Modulated/CW Modulated/CW Modulated/CW Size

EVM, EiS, EiRP, Gain,

EiRP, EIS, Gain, EiRP, EIS, Gain, EiRP, EIS, Gain, EiRP, EIS, Gain, EiRP at single
EVM, ... EVM, ... EVM, ... EVM, ... points
I A\Vailable for Available for Available for purchase | Available for Available for
INEUCRIUNE 1 chase purchase in Q3 2017 Purchase Purchase

Antenna calibration, ...

ROHDE&SCHWARZ






Why mm-Waves for 5G ?

Conclusion WRC-15 on 5G frequency candidates Sub-6GHz cmWave: 10-20 GHz ~ mmWave: 30-90 GHz

1 Considered frequency ranges and

High Capacit
bands for 5G at cm- and mm-Waves: Massivegl'hrouthu)’:
= 24.2510 27.5 GHz Reliability Ultra-Dense Networks
- 31.81033.4 GHz P g 1 x 20 MHz 11 x 100 MHz
= 37.0t0 43.5 GHz IT’j‘id’ Cell Size Macro Small Ultra-small
= 45.41050.2 GHz - Waveform Multi-Carrier (OFDM) Multi-Carrier (OFDM) ~ Multi-Crrier? Single Carrier?
= 50.4t052.6 GHz enat
= 66t0 76 GHz § 100 —a0 1210 TR 5 as 1
. 8110 86 GHz. = N b

-~ g 73/ H,0
27.5 t0 29.5 GHz band is not listed, but is stil g T
. . . 2 |
expected to play an important role for anticipated %m / 0,
5G deployments. |~
0.01
Total available bandwidth for mm-waves: 30 GHz B R Ryl TN

ROHDE&SCHWARZ



Theoretical review: multipath propagation

Channel impulse response CIR is a theoretical measure
to describe the wave propagation: Idea is to excite the
channel with a Dirac impulse and to measure the arrivals
of that impulse at the receiver. Due to multipath each
pulse response is attenuated, delayed and phase shifted.

Separability of MPC
TRES
Identify each MPC.
: 1 .
N w52 Dopplerehit 10 ~— Minimum
sV [ ] ‘RES ” B measurement
* duration
~ i (1) Ih[?
h(z,t)=> a (t)e{}' s(r—1,)
5 th 1
path attenuation | path phase | | path de|au I t ft K
< > T
delay spread

ROHDE&SCHWARZ g2



Setup for Channel Propagation Measurements
Channel Impulse Response in the time domain

Channel Sounding Solution

Channel sounding is a process that allows a radio channel to be characterized by decomposing the radio
propagation path into its individual multipath components.

Generation of sounding sequences Real world environment /Q data capturing Data anaIyS|s software

R&SESMW200A R&S®FSW R&S®TS-5GCS

I fast measurement in time domain
I support for in- and outdoor sounding
I very high dynamic range

I Time and frequency reference i
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Scenario: Street in Factory Hall, Moving People
Setup Description




Scenario: Street in Factory Hall with Moving People

approx. 68 m LOS B
Configuration in Use:
POSitionS: Cen*erg Frequency: 5800 MHz <l [ o)

Transmitter Clock Rate: 600 MHz Channel Impulse Response at 0.1087 ms
TX2 RX5 Receiver Sampling Rate: 600 MHz -70 T T T T T
CIR Update Rate! 109.22 ps )
3 « Est. Time of Flight: 0.22 g (67.5 m)
Echa Resolution: 1.6667 ns -75 i
. Sequence Length: 65535 Sa « Mean|[Excess Delay: 0.36 us (108.6 m)
Frequency' Sequence Type: FZC_16_bit.mat 80| RMS Delay SP'“dv é
5 8 G H Z Measurement Type: Captured Triggere...
-85 1
£
m
= 90
H . c - -
Bandwidth: e =
S
500 MHz 8 s
- : -
. 3 -100 -
- 8
. . < 05|
3 4 Maxi mExoess Delay (20 aB):
- 0.4 (144 4m) ﬂ
& -110 -
ise Threshold: -110
I 15|
Path Loss: l u |
i Data Cursor: 120 Lt Ll I Lin1h
50 100 250

Hide Text in Diagram:
3 . Hold Y-&xis:
- Force Noise Thresh.:
X-Axis Unit:

Absolute Delay inm

ROOOE

J
L




Example Measurements: Measurement in Factory
Frequency Comparison: 5.8 GHz / 28 GHz / 38 GHz, 500 MHz Bandwidth

!
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Example Measurements
In Factory

Position:
Tx1 Rx1 (LOS)

Frequencies:
38 GHz,
28 GHz,
5.8 GHz

Bandwidth:;
500 MHz

Mean value via complex 1IQ-Components

. |- Txs Rt §38GH2 BOOMHz | Nurber of ued CIR 640,
§ Specular reflections
: | 38 GHz
‘g-wo-
§ 120 - |
g L
b #!F — 2. ¥ ol e e e
0 02 04 ofu 08 1 |. j | 10 18 ‘ 2
Time delay in
Mean value via complex 1Q-Components
£ |13 R h28GHz po0MM2 | Number of usea CR 321
e \‘ Specular reflections
E-mu v 1' 28 GHz
g iy "MW ¥\
E ‘ RefNoseThreshad - 138
o “M}” L = y Qa1 o il
02 o8 Al 12 14 14 14 2
Tume dalay n s
Mean value via complox 1Q-Components
| 7! Rx100% BGHz E0OMHz ) Number of used CIR 640)

Z
|

Absdhute Power in dBen
3

Higher diffraction power 5.8 GHz

| = {WWMV Wf Wm ] S

deehyn,a



DoA Measurement: Circular virtual array (HHI / R&S @ Globecom)

ROHDE&SCHWARZ

array spacing:

1
d . sin( T ) 2
UCA Nuca <3

Virtual circular array by fast rotating omnidirectiolr/mal antenna
Design suitable for lower frequencies up to 110 GHz

Alignment of rotation and measurements by HHI Synchronomat
Very fast acquisition within several ms

Working Prototype

Publication:

Hung-Anh Nguyen, Wilhelm Keusgen, and Taro Eichler

“Instantaneous Direction of Arrival Measurements in Mobile Radio Channels Using Virtual Circular
Array Antennas”, In: Global Communications Conference (GLOBECOM), 2016 IEEE

39
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Thank you for your attention !
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BAVEDEL
Tel : 0120-190-722 ( 3K )
Fax : 03-5925-1285 ( X )
E-mail :  Technical-Support.Japan@rohde-schwarz.com
Web : http://www.rohde-schwarz.co.jp
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