WO 2019/183107 PCT/US2019/022987

118

ET ) —

SR LU R U R T
s - — ~
- R § ed e -

AR AR
R . e

ke W &y & s

e R i N

1R N % vg {\*éit g 155

109 FiG. 1A

ASIC i CONTROLLER

110

165

FIG. 1B



WO 2019/183107 PCT/US2019/022987

2/18

FIG. 1D



WO 2019/183107 PCT/US2019/022987

3/18

231
TYP,

Client Device

Data Center

Network
Operations
Center
NETWORK N\
32
234
Wireless Base
Typ. .
¥p \.//\ Station
235
233 \/\ T
Rarrier Structure Vehicle
236

FIG. 2A



WO 2019/183107 PCT/US2019/022987

4/18
O @,
2205)5 220!;5
O O
220@5 220@?5
FiG. 2C
234 Wirel 5 236
ireless Base
\/\ Station 240
244b %
Consumer
Provided
Equipment

244q ;

242

FIG. 2D



WO 2019/183107

5/18

236

234 Wireless Base
VA Station

246

238

PCT/US2019/022987

240

S

Consumer
Provided
Equipment

242

FiG. 2E

234 Wireless Base
\/\ Station

248

244

5

Consumer
Frovided
Equipment

/

242

FIG. 2F



WO 2019/183107 PCT/US2019/022987
6/18
/’ """"""""" 300
p
T Computer Device \\‘\\\
302/~
et Processor 306
304 D
\’ \("'
Memory 3@3 Power
BIOS N30 Supply
R A R Display ™\ 320
: 332 ™
Operating System [\ 75
7 310 - Network | Konboard 322
. . \,’/ Tnte Ay I N CHOOAT - \\L L
Data Storage AN 3/34 mlerface | L e
, Processor
Hologram . :
Functions \ 335 ; Rea.d able . Audio 324
o /| Stationary Intesface N
Storage
: i Pointing '
Beam Shapes \ 337 Processor i Device \’526
./ 214 A Readable | Interface -
| Removable | | T
Applications 336 Storage | | e
CE oud ?as;ed N s S A HSM - %28
Mgmit Engine - Input/Cutput, | ;
\ 348 T Imterface | | o
Amnalytics And
Control Engine \ 349 218 -
""" </ 5
346 ~ GP5
Hologram o
Function Engine
Phase Augle N 347
Engine ~7

FIG. 3A




WO 2019/183107 PCT/US2019/022987
7118
350
CLIENT &
COMPUITER
Client Compuster
351
\/\ Processor 360
352 | F>
(> ] ! - 370
v —  Projector
Memory 361 | Ppower 4 /\/
Operating System ,\jﬁ’jg Supply Disul "\ij 1
—— isplay 371
3 354
s 4
BIOS \\_/ 3@ Network | p
= " Iterface —  Keypa 372
Data Storage 355 L N\
Processor 11 273
1 Hlwminator 1373
3634 Readable | N\
VA Stationary
Storage n Audio 174
- Processor Interface N\
Arplications - i Readable |
- ,vﬁ b /\j, 3@ Removable - GRS 375
Analysis And | 357 Storage
Control App ./ > Gron AT
88 £ a2
-~ nput/Output],  +—  Gesture 376
be ¥ =4 T [
Other Client Appg /"\\i?g 36\&//\ I’nt@ifacﬁ Iﬂte?ﬁlﬂe ﬂ\-/
2mg 366, Camera(s) | Temperature} g5
Web Browser | \\j} VA Interface N\’
e Video | |
:’6\//‘ Interface | Haptic 378
Interface N\
168 Touch o
S mterface Pointing 379
Device |\
369 HSM - Interface

Fig. 3B




WO 2019/183107 PCT/US2019/022987
8/18
E 380 381 382 383
| o - -
E External RF Coupler | | Amplifier(s) internal
| Antenna {Optional) P { Antenna 387
384 385 386 Y
E rg rj r—i ()
Location Device Processing Inductive Wireless
E (optional) Circuitry ‘Charger Interface
g {Optional)
Bimmmn  mmmmmi  mmmmi dmmmm MMM mmmm  Gmmmmi  mmmmm  ammmmn  mmmARs  (RRMRR:  ARMRRR.  SRARRR  RRRRR (RRAAAi immmmm ammmmn  mmmmms  (mmmmmi  imMmmm.  amAmAR  Ammmms  mmmmi  cmmmmm  ammmmn
FIG. 3C
i 380 381 382 389
D S 3
i o
External RF Coupler o
; Antenna (Optional) | | Amplifier(s) ;I CPE 237
S S S S
| Location Device Processing Inductive Wireless
i {optional) Circuitry Charger interface
| (Optional)
U
FIG. 3D
380A
3904 Bi-Static Amplifier
RF Power
Detector

392 !
RF Power |, |
~ Detector | |
L) |
3454 -
Download

FIG. 3E




WO 2019/183107

9/18

392

PCT/US2019/022987

393

(\//

DOWNLINK - | UPLINK - V%%L_;‘;’Cﬁli
VERTICAL | VERTICAL HORIZONTAL UPLINK/
LN DOWNLINK ~
DOWNLINK - | UPLINK - YARNAOW) VERTICAL/
A HORIZONTAL
HORIZONTAL | HORIZONTAL AL A
FIG. 3F FIG. 3G FIG. 3H

398

// TYP.

/ 395

FIG. 31

/ NO RADOME

A&
Gain

WAIM

|

| 1 / RADOME
! '3

| |

|

|

\

357
TYP,

396
yp.

Angle

A



WO 2019/183107

3808

() RF Power
® Detector

PCT/US2019/022987
10/18
Bi-Directional Amplifier
3828
342
- |
390B UL/DL E )
SWITCH | 8B
CONTROL ; (/)
RF Power T
391B E
Detector | Upioad 7] | \/
—
|
3928 M
E
E
E
|
|
§

L




WO 2019/183107

408

-

PCT/US2019/022987

11/18

( sat )
v

ADJUST SHAPE AND DIRECTION OF HMA
WAVEFORM TO COMMUNICATE UPLOAD qj()?

AND DOWNLOAD RF SIGNALS WITH

AUTHORIZED REMOTE BASE STATION 104

EMPLOY RF COUPLERS TG
WIRELESSLY COMMUNICATE UPLOAD

AND DOWNLOAD RF SIGNALS
THRCUGH BARRIER (OFTIONAL)

No

i i NTEGRATE e SRRRRRRE——

406

EMPLOY AMPLIFIER TO
BOOST GAINS OF UPLOAD
AND DOWNLOAD RF SIGNAL

i ¥

COMMUNICATE UPLOAD COMMUNICATE UPLOAD AND
AND DOWNLOAD RF DOWNLOAD RF SIGNALS TO
SIGNALS BEHIND WIRELESS DEVICES BEHIND
BARRIER TO CPE BARRIER

“_ SIGNAL? .~

4106

rd ™~ Yes
" UPLOAD RF ™

414

FIG. 4A



WO 2019/183107 PCT/US2019/022987

12/18

s )

426

MONITOR VALUE OF
POWER FOR UPLOAD
RF SIGNAL

422

Yes

SIGNAL POWER
THRESHOLD
”“wwh MET? _H»,,

ADJUST SHAFE AND/OR
DIRECTION OF HMA WAVEFORM

TO COMMUNICATE UPLOAD 1
424

AND DOWNLOAD RF SIGNALS
WITH REMOTE BASE STATION

FIG. 4B



WO 2019/183107 PCT/US2019/022987

13/18

505

504 f TYP.

/" 500
»
Client Device
Data Center
Network
Operations
Center
NETW(ORK
506

518
Typ.

508

o

Wireless Base
Typ.
P \//\ Station

ot User Wireless

Devices
) . RF camm.
Relay(s) Reflector(s) BS Proxy(s) Device(s)
Typ. Typ. Typ. Typ.



WO 2019/183107 PCT/US2019/022987

14/18

- Typ.

|
|
|
/

604 —
602A 6028
REFLECTOR —
FiG. 6A
606
Typ.
6028
RN
604
m

FiG. 6B



WO 2019/183107 PCT/US2019/022987

15/18

706 768

702A 702B
RELAY

FIG. 7A

762B
\/‘*‘w

704

708

FIiG. 7B

RELAY 706



WO 2019/183107 PCT/US2019/022987

16/18

804
806 _,g, _,;,, 808
802A 8028
BASE STATION PROXY
FiG. 8A
8028
T

804

- 868

FIG. 8B

866

BASE STATION PROXY




WO 2019/183107 PCT/US2019/022987

17/18

(st )
v

BASE STATION PROVISIONS
FOR AUTHORIZED RF

COMMUNICATON WITH RF
0 ?/\\/ COMMUNICATION
902 DEVICE(S)

No DIRECT RF SIGNAL ™\__
\_COMMUNICATION?

908

r\J

EMPLOY RELAY, RELECTOR,
AND/OR BS PROXY TO
PROVIDE RF SIGNAL
COMMUNICATION TORF
COMMUNICATION DEVICES

904

Yeas

¥

COMMUNICATE WITH
B RF COMMUNICATION
DEVICE(S)

906

FIG. 9



WO 2019/183107 PCT/US2019/022987

18/18

1000 ( Start >
:

GAIN FOR DOWNLOAD AND
N UPLOAD RF SIGNALS BY Bl- jet—
STATIC AMPLIFIER

1002

MONITOR POWER OF

UPLOAD AND
/\/ DOWNLOAD RF

1004 SIGNAL

" UPLOAD RF ™\
& POWER THRESHOLD s
MET? S

No

1006

SEPARATELY ADJUST RF SIGNAL GAIN
FOR DOWLOAD AND UPLOAD TO
OPTIMIZE COMMUNICATION OF CPE

/\/ WITH AUTHORIZED REMOTE
WIRELESS BASE STATION (OPTIONAL)

1608 L

ADJUST WAVEFORM OF
EXTERNAL ANTENNA FACING TO
OPTIMIZE COMMUNICATION WITH

(\/ WIRELESS BASE STATION
(OPTIONAL)

1010 i
( Retum )

FIG. 10



