WO 2013/070263

1/7

100
R

NETWORK(S)
106

NoODE
102A

QUALIFIED LINK

QUALIFIED LINK

™

DATA

PCT/US2012/023090

<*

CENTRAL OFFICE 104

e

NoDE
102B

UNQUALIFIED
LINK

\\
\
\

Rabio 108

PrRocEssING UNIT 110

-

PROCESSOR(S) 112

MEMORY 114

[ ROUTING MODULE 116

BuSY DEVICE |
LisT MODULE
120

QUALIFICATION
MODULE
118

FIG. 1




PCT/US2012/023090

WO 2013/070263
2/7
CONTROL DEVICE
ROUTER
SENSOR
METER
T
\ J
R
200 -7 T T ==
- = — —
\ —_ - T —
RADIO 108

RF FRONT END

BASEBAND PROCESSOR
(E.G., SW DEF RADIO)

202 204
( PrRoOCESsING UNIT 110 )
N { 1
PROCESSOR(S) 112 CLocK 206

L.

MEMORY 114

-

ROUTING MODULE
116

METROLOGY MODULE
210

\,

QUALIFICATION
MODULE
118

Busy DevICE LIST
MODULE

120

\

FREQUENCY HoPPING MODULE 208

QUALIFIED LINKS LisT

Busy DEVICE LisT

- ’ 212 AL, | I -
o - \, -~ -

- ~
o e ¢ et i o — e — —a Sm— s — 0 w——
| =~ 1 -
i RANK QUALIFIED NEIGHBORS CHANNELS | AVAILABILITY DURATION CONT. WIN.
12 YES NobDE N ALL . AVAILABLE INDEFINITE 2 UNITS :
| 1 YES NobDE A 4,6,8,10 I Busy oN CH. 5 6 UNITS 2 UNITS i
IIN No NODE B 1-7 . BusyoNCH.5 6 UNITS 2 UNITS

|
L o s st s oo w5 v e . e ore
~ Soan
212 — F I G 2 216
a




WO 2013/070263 PCT/US2012/023090

3/7
300 \

'8 R
DETERMINE LINK QUALITY BETWEEN A NODE
AND A NEIGHBOR NODE
(E.G., ACCORDING TO FIG. 4)
302

¥

'

COMPARE DETERMINED LINK QUALITY TO A W
PREDETERMINED THRESHOLD QUALITY
304

h A

QUALIFY LINK BETWEEN NODE AND
No NEIGHBOR NODE IN RESPONSE TO
DETERMINING THAT LINK QUALITY MEETS THE
PREDETERMINED THRESHOLD QUALITY
306

:

NODE HAVE
PREDETERMINED NUMBER
OF QUALIFIED LINKS?
308

YES
¥

RANK NEIGHBOR NODES ACCORDING TO
RELATIVE QUALITY OF LINKS BETWEEN THE
NODE AND THE NEIGHBOR NODES
310

A

- )
ROUTE COMMUNICATIONS FROM NODE TO

NEIGHBOR NODES WITH WHICH THE NODE
HAS QUALIFIED LINK (E.G., BASED ON RANK)

312

FIG. 3



WO 2013/070263

406 <

4/7
400 \
SEQUENCE OF
CHANNELS (X+Y(K-1))
K=1,2 ..M [
REQUEST-TO-SEND (RTS) 402
}
A - . o S
{ CLEAR-TO-SEND (CTS) 404 I
\
i

_i
| COSTESTIMATE J s x s .
TEST DATA ON CHANNEL X+(Y*0) >
- TRANSMISSION ]
? [:COST ESTWATE ) TesST DATA ON CHANNEL X+(Y*1) >

- TRANSMISSION _J
:]COST ESTMATE JresT DATA ON CHANNEL X+(Y*(M-1)) >

o { cosreemne |
{ TEST DATA ON CHANNEL X+(Y*0)  \ COSTESTIMATE —I

PCT/US2012/023090

> 408

\
/!
( TEST DATA ON CHANNEL X+(Y*1) (SOSTESTMATE
I
.
A - ' TRANSMISSION
( TEST DATA ON CHANNEL X+(Y(M-1)) SOOST =) |
Al
COMPUTE LINK
QUALITY (E.G.,
ESTIMATED

TRANSMISSION TIME)

410

R . - )
| CONFIRMATION 412 >

; m— |
</ ACKNOWLEDGMENT 414 J

COMPUTE LINK
QUALITY (E.G., ETT)

FIG. 4



WO 2013/070263

500
\

PCT/US2012/023090

LISTEN ON CONTROL CHANNEL
504

A

MAINTAIN/UPDATE BUSY DEVICE LIST (BDL)

(E.G., AT MAC LAYER) INDICATING
UNAVAILABILITY OF NEIGHBOR NODE(S)
502

OVERHEAR MESSAGES ON CONTROL
CHANNEL (E.G., RTS AND/OR CTS
MESSAGES) TRANSMITTED BY AND/OR
DIRECTED TO OTHER NODES
506

A |

/

RECEIVE INFO (E.G., FROM NEIGHBOR NODE,

LOCAL METROLOGY, ETC.) TO BE
TRANSMITTED TO A DESTINATION
510

UPDATE BDL TO INCLUDE
UNAVAILABILITY AND DURATION OF
UNAVAILABILITY OF OTHER NODES
BASED ON OVERHEAD MESSAGES
508

QUERY BDL
512

z

\
IDENTIFY NEIGHBOR NODE THAT, ACCORDING

TO THE BDL, IS AVAILABLE TO RECEIVE
TRANSMISSIONS AND IS CAPABLE OF
PROPAGATING INFO TO DESTINATION

514

SEND RTS MESSAGE TO IDENTIFIED
NEIGHBOR NODE ON CONTROL CHANNEL
(RTS INDICATING, E.G., SIZE OF INFO AND

DATA CHANNEL ON WHICH INFO TO BE SENT)

518

Y

A

TRANSMIT THE INFO TO IDENTIFIED
NEIGHBOR NODE
516

RECEIVE CTS MESSAGE FROM IDENTIFIED
NEIGHBOR NODE (CTS INDICATING, E.G.,
IDENTIFIED NEIGHBOR NODE IS AVAILABLE,
CONFIRMATION OF DATA CHANNEL OR
DESIGNATION OF AN ALTERNATE DATA
CHANNEL, AND ANTICIPATED DURATION
OF TRANSMISSION)
520

~

SEND INFO TO IDENTIFIED NEIGHBOR NODE
ON CONFIRMED DATA CHANNEL OR
ALTERNATE DATA CHANNEL
522

FIG. 5



PCT/US2012/023090

WO 2013/070263

9

Ol4

dia |up aid|dN|a 3|a eeal ya st yd|uo yo |uoieing a ovaoa|duey | MH |8dAL
s \\\\\\\
\ e ——
\ -
7 \ e -
S— \ a0 -
© 3\ i -
\ - —_—
\ —_
\ I
(s1qeuen) JspesH Jaynuspj $s8aIppy Jalnusp| Nvd JaquunN
SO4 peojAed Anogag Aeyixny $S8.pPY 92.1N0S NV d ©21n0S uoneunsaq uoneunsaq aouanbag o4
S
Y
INvE4 (S1Y) aN3s O] 1s3nd3yY
009 I\\




PCT/US2012/023090

WO 2013/070263

717

L Ol

a4 da  |euueyp | uoneng @ ovoaoa [dued | mH |adAL
\ o -
\ _-
/ - -
/ - =
/ - - =t
/ = -
\ -
\ -
\ - -
\ e
\ _ -
(81qeuep) JopesH Jaiuap SsaIppy Jaynuspl Nvd JaquinN
SjeE peojied Aunoeg Aelixny $88.ppPY 89In0S NYd 824n0g uoneunsag uoneuisad aouenbag o4
4
Y

004 I\\

INVYES (S1D) aN3Is O ¥v3D




