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Small Cell FCC TAKFS STEPS TO OPEN SPECTRUM HORIZONS FOR NEW
SERVICES AND TECHNOLOGIES

WASHINGTON, March 15, 20018—The Fedara] Commmications Commizsion adopted new
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Advances in mmWave communications applications

B 5G-Advanced expected to support larger-capacity communications than 5G by using frequencies
higher than 100 GHz

B |EEE 802.15.3d-2017 standardized at 252 to 325 GHz for high-speed wireless multimedia networks

(IEEE Standard for High Data Rate Wireless Multi-Media Networks-Amendment 2: 100 Gb/s Wireless
Switched Point-to-Point Physical Layer was approved for use of 252 GHz to 325 GHz frequency band
for mobile backhaul/fronthaul and point to point communication) Reference: IEEE 802.15 Doc Number 14/0304r16

B WRC-19 added sharing of frequencies from the 275 to 450-GHz bands between land-mobile and
fixed-service applications

B USA licenses experimental stations at 95 GHz to 2 THz to stimulate mmWave advances

Anticipating use of frequency bands >100 GHz
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Advancin g beyond

For frequency bands above 100 GHz, spurious measurement required
to prevent system interference but faces following issues:

* The spectrum measurement without a pre-selector results in
the combination between unwanted signal responses from the
test equipment and wanted signal responses from the actual
signal.

* NOT possible to separate between unwanted and wanted
responses.

« Suppressing unwanted responses requires switching the
frequency relationship (Local/IF). Since conversion losses differ
as a function of frequency, the preparation in the calibration
data of conversion losses is necessary with complex procedures.

A

Develop new pre-selector to configure 300-GHz spectrum analysis
system
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I Pre-selector Role Zinritsu

1. Without pre-selector RF input IF Image of unwanted I
signal
[ N\ LO@55GH?) Wanted
Unwanted Wanted signal

signal signal | | |
i > |F
! W: 10 GHz
! ' 7 10 [GHZ]
L RF /

The wanted and unwanted signals

\248 255 (LO) 265[& cannot be distinguished.
2. With pre-selector

RF input —— :\%\Q IF Wanted\
Pre-selector ! signal
(Rejection band: 245 to 255 GHz) LO (255 GHz)
The wanted signal can be observed because the o le_f
unwanted signal is removed by the pre-selector. GHzl )

The wanted signal can be observed because the pre-selector reduces
the unwanted signal response (image/multiple responses).
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> Without pre-selector > With pre-selector
0 — ; 0 - -
Input signal (115 GHz); Input signal (115 GHz) ;
—-20F - -20F 4
T unwanted responses T
D 40} - D 40} — .
= = no distortion
2 -60f 1 S -6t | e -
o O
o a
_80_
_101(.)10 120 130 140 ~10 10 120 130 140
Frequency [GHZ] Frequency [GHZ]
condition input signal SPA setting:
Pin: =10 dBm Center frequency: 125 GHz
Fin: 115 GHz Span: 30 GHz
RBW: 1 MHz

Detection: Positive

Inserting a pre-selector enables extraction of just the wanted signal.
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I Pre-selector Effect (Modulated Wave) /Inritsu
LO Frequency ~a Carrier
Without pre-selector LSB u‘ss With pre-selector

The need for a pre-selector is even greater when using modulated
signals.
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2. 300-GHz Band Spectrum
Measurement System

» Block Diagram
* Frequency Diagram




I 300-GHz Spectrum System Performance Target Anritsu
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Frequency Range [GHZz] 140 - 190 185-260  255-315

Dynamic Range [dB] 158 153 148
DANL [dBm/HZ] -140 -137 -134
TOI" [dBm] +18 +16 +14

Spurious Response™ [dBc] -60 -60 -60

@ —15 dBm input

analyzer

controller

/ spectrum

/ local signal
source

Front end

J-band Spectrum Analyzer Setup

Configured spectrum measurement system with built-in pre-selector
for each G-, H-, and J-band
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I Block Diagram

300-GHz
Signal
Source
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Local Signal
Source

LO Inpu

59.5 - 74 GHz

300-GHz Frontend

\ 4

SHM IF Output
_,| > »O » Spectrum
27 - 29 GHz Analyzer
LO:119 - 148 GHz
L' v
AU N
NN PC

Synchronizing spectrum analyzer sweeping and pre-selector
switching reduces unwanted responses.
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Frequency down-conversion using sub-harmonic mixer
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Displayed RF Frequency[GHz
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linear device)
IM(m,n) = mXFge+nXF 4

Suppressing unwanted response requires determining F;cand F,,

relationship
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I Core Technology ~ Pre-selector /nritsu

Previous Method Proposed Method

Half-mirrors

Fabry-Perot resonator
Waveijide BPF6 PR

7 3
Q BPF5 O J/ Y Waveguide

BPF4 ol L k
Q Q ' Waveguide ', || K

\ 4

y BPF3 ~. -
BPF2 Q Tunable Fabry-Perot Filter
AN
BPF1
Switch(SP3T) Z0
Filter Bank Configured Using SPxT SW BPF n

In |waveguide BPF 3 waveguide | Out

Issues with previous method:

BPF 2

° Large (= heaVY) BPF 1
* High insertion loss

<

Filter Bank
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I Core Technology ~ Pre-selector /nritsu

Single mode rectangular waveguide

7. M""Z

Half-mirror

Half-mirror

Input )

R
1
) ‘\ ‘\ l
‘\ ‘\ ) l
\ ‘\ ‘\
WYy :

B S S=pe
N\

"’ ,

7/ /
4
“-———— TResonator—-& = = — = 4%/~

— length L re—

Actuator

Two half-mirrors in waveguide form Fabry-Perot resonator

Resonator frequency changed by changing distance between two
half-mirrors
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10 GHz
0.0 ——— T -2.0 T T T 0.0
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-10.0F A 5
— -4.0- @
o — B -80 < 6dB
S, 20.0 g 3 dB o
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o S >-12.0
-6.0F Y L O =
-30.0f h 7 £
................ 7ok < -16.0
=
-40. ' ' _ - | | | ! - - _ . |
10 120 130 140 89451246 124712481249 125 125112521253 2o 120 130 140
Frequency [GHZz] Frequency [GHz] Frequency frinz [GHz]

100-GHz Band Implementation Example
« 3-dB bandwidth: 400 MHz

« Attenuation: >30 dB @ 10-GHz offset
* Insertion loss: <10 dB

Excellent frequency selectivity and insertion loss performance
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Fabry-Perot method with good performance up to 140 GHz
unsuitable for 300-GHz spectrum analyzer with large insertion loss
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Simulation

BPF1, --- BPF2, --- BPF3, --- BPF4, --- BPF5, --- BPF6
Measurement
— BPF1, — BPF2, — BPF3, — BPF4, — BPF5, — BPF6

ok N R o Lo
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In |waveguide BPF 3 waveguide| O
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Simulation vs Experimental Results

Possible to reduce insertion loss using proposed filter-bank method

Issues: Drift in frequency domain and maintain attenuation in
attenuation region




4. Evaluation Results
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I Evaluation of 300-GHz Band Spectrum Measurement System  /Inritsu

Advancing beyond

The following items were evaluated after calibrating
the level of the 300-GHz spectrum measurement
system.

v' Spurious response
v’ Display average noise level (DANL)
v Third order intercept point (TOI)

~~~~~

300-GHz Signal Source 300-GHz Frontend
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Without Pre-selector With Pre-selector
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Achieve spurious response of <-70 dBc across all frequencies
(@ -15 dBm input and including image response)
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Display average noise level (DANL)

-90

-100

-110

-120

-130 Target value <-134 dBm/Hz

DANL[dBm/HZz]

-140

-150

-160
255 260 265 270 275 280 285 290 295 300 305 310 315

frequency[GHz]

DANL <-144 dBm/Hz
Assure same performance as microwave SPA waveform
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I Evaluation Results ~ TOI S oanting oo

30

25

20

15

TOI[dBm]

10

Third order intercept point (TOI)
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\//\ oo \/ \/\V/ \\/ \/ \’\\/( \\/I ~ \\// V.
~ 100 MHz detuning
—— 10 GHz detuning
255 260 265 270 275 280 285 290 295 300 305 310 315

frequency[G!-Iz] i

(Span 0 Hz, ATT 0 dB, RBW 300 Hz)

Third Order Intercept Point: >+11 to +18 dBm @10 MHz detuning

ANRITSU CORPORATION

>+24 dBm @10 GHz detuning

Assure same performance as microwave SPA waveform
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5. Effective Evaluation of

Spectrum Measurement System

In OTA Environment
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in OTA Environment e beene

D— G-band Measure

DUT <] _~7-" | [>- H-band Measure

D— J-band Measure

: 0= 1 1
" G band G band -
Signal Source Front End

R . Absorber

Y

External View of Complete System

signals radiated from the DUT are measured by the spectrum

measurement system through free space coupling
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I Unified System Evaluation /nritsu
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The actual transmission loss L, (found from antenna gain G,,G, and Tx
power) with reference gain horn antennas mounted at the signal
sources and spectrum measurement systems is compared with the
theoretical transmission loss L,.

Spectrum
Signal NI: easurement ~ Transmission Loss L,
Source  Ditanced, System E°Wer Lw=P/(P,* G * G))
J-band | q 1~ [>J-band LN P.: Tx power

G, G,: Antenna Gain

H-band [ 4 1~ > |H-band

Transmission Loss
(Theoretical Value) L,
L, = (4md/A)?

G-band | ¢ 1~ >|G-band

Reference Gain Horn Antenna >
(Gain G,,G,) Frequency

- Evaluated match between actual and theoretical transmission losses

- Evaluated continuity between each G-, H-, and J-band transmission
loss frequency characteristics
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Unified System Evaluation /nritsu
(Transmission Loss Measurement Results) Aevencngbeyend
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Suppressed difference in transmission loss to 0.3 dB between G-

pr— and H-band and to 1.1 dB between H- and J-band



I Uncertainty Investigation /INritsu

Since there are differences in the transmission loss results between
the G- and H-band, and the H- and J-band, we investigated the
following causes of measurement-system uncertainty.

Assumed Error Factors
1. Measurement Environment Errors
— Antenna setting error (distance)
— Antenna setting error (elevation/azimuth)

— Multi-reflection errors
2. Measurement Equipment Errors

3. Antenna Gain Errors (+ dB) (- dB)
Results Combined standard uncertainty 0.41 0.76
Expanded uncertainty (k = 2) 0.82 1.52

The validity of the unified system is confirmed because the previously
described 0.3 dB difference between the G- and H-band is included in

the combined standard uncertainty.
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I Unified System Evaluation (Radiated Pattern) /nritsu
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o]

'O 10
[ R 258.5 GHz
Distance Front End T, =0
_ o 246.75 GHz
x12 Multiplier 4 9=200mm (G/H/J band) % >
RF input E - -0
— v

11.75GHz :ﬂ 3 -80
- -90
-  — ‘= 100
. - = 110

¢: Azimuth .~ i % -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 60 70 80 90

angle

azimuth angle[deg.]
—f16(=188.00GHz)—f17(=199.75GHz) —f18(=211.50GHz) —f19(=223.25GHz)
—f20(=235.00GHz)—f21(=246.75GHz) —f22(=258.50GHz)

(b) H-band Measurement Results (185 to 260 GHz)

'U' [0} 'G' 6]
m 10 m -10
o, 0 o, 20 293.75 GHz
T} 30 T) -30
40 -40
3 o 3 50 305.5 GHz
Tn 60 (_n -60
3 70 3 -70
O -s0 0O =0
:=: 90 :=: 90
100 -100
% 110 % 110
-90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 0 70 80 90 -90 -80 -70 -60 -50 -40 -30 -20 -10 O 10 20 30 40 50 o0 70 80 90
azimuth angle[deg.] azimuth angle[deg.]
—f12(=141.00GHz)—f13(=152.75GHz)—f14(=164.50GHz) —f22(=258.50GHz)—f23(=270.25GHz) —f24(=282.00GHz)
f15(=176.25GHz) —f16(=188.00GHz) f25(=293.75GHz) —f26(=305.50GHz)
(a) G-band Measurement Results (140 to 190 GHz) (c) J-band Measurement Results (255 to 315 GHz)

At <230.7 GHz, the WR5 waveguide fundamental propagation mode is

TE10 only and unidirectionality is maintained. However, at >230.7 GHz,
dips and asymmetry are observed due to TE20 mode generation.
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I Towards 5G-Advanced ﬁ'"r!ESlf

Millimeter waves
/ Terahertz Advancement of

synchronization

Ultra-high speed Ultra-massive

/ Large capacity | [ Ukra-low latency | ‘ simultaneous connectivity
Ten times faster Low latency 1/10 Ten times
communications that of 5G more than 5G

speed than 5G

4 N
Achievement
of sustaj
nab'e SOclety o |
\. J
Communications enabled
All devices link everywhere on land, Security and privacy
1/100 current level autonomously at sea, in the air, in space provided automatically
Ultra-low power fa— Ultra-safe \, J
consumption ] | QURonamy ] [ Extensibility ‘ | and reliable
All-Photonic Virtualization of
Network networks
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Advancing beyond

« Configured and evaluated new spectrum measurement
system with inserted pre-selector.

« Configured OTA unified spectrum monitoring system
combining G-, H-, and J-band spectrum measurement
systems.

 Evaluated effectiveness of unified system and confirmed
suitability of measurement system by measuring DUT
radio-wave radiation and obtained expected results.

Anritsu is continuing with development of leading-edge technologies
promoting 5G evolution to future 5G-Advanced.
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