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MAINS-POWERED DEVICE 200

PROCESSING UNIT 202

ONE OR MORE PROCESSORS 210

MEMORY 212

OPERATING SYSTEM 214
APPLICATIONS 216

METROLOGY DRIVER(S) 218
COMMUNICATION STACK(S) 220

TRANSCEIVER(S) (E.G., RADIO, MODEM, ETC.)
204
METROLOGY DEVICE(S) 206
AC POWER SuPPLY 208

SCHEDULE OF EVENT OFFSETS 11

FIG. 2



317 '/_300

BATTERY-POWERED DEVICE 300

PROCESSING UNIT 202

ONE OR MORE PROCESSORS 210

MEMORY 212

OPERATING SYSTEM 214
APPLICATIONS 216

METROLOGY DRIVER(S) 218
COMMUNICATION STACK(S) 220

TRANSCEIVER(S) (E.G., RADIO(S)) 204
METROLOGY DEVICE(S) 206
BATTERY 302

SCHEDULE OF EVENT OFFSETS 116

FIG. 3
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LISTENING EVENT OFFSET 600

TIMING UNCERTAINTY PA/SFD PACKET PAYLOAD
WINDOW 608A 604 606

610

%—/

MESSAGE 602

/— 600

TIMING UNCERTAINTY

WINDOW 6088

612
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802 TRANSMIT, ACCORDING TO A
SCHEDULE, A BROADCAST TRANSMISSION
TO A PLURALITY OF DEVICES AT A FIRST
TIME INDICATED BY A FIRST EVENT
START-TIME OFFSET FROM AMONG A
PLURALITY OF EVENT START-TIME
OFFSETS INDICATED BY THE SCHEDULE

806 TRANSMIT, ACCORDING TO THE
SCHEDULE, A FIRST UNICAST
TRANSMISSION TO A DEVICE FROM
AMONG THE PLURALITY OF DEVICES AT A
SECOND TIME INDICATED BY A SECOND
EVENT START-TIME OFFSET FROM AMONG
THE PLURALITY OF EVENT START-TIME
OFFSETS INDICATED BY THE SCHEDULE

810 TRANSMIT A PLURALITY OF UNICAST
TRANSMISSIONS TO THE PLURALITY OF
DEVICES, WHEREIN THE TRANSMITTING IS
PERFORMED ACCORDING TO THE
SCHEDULE, AND WHEREIN THE PLURALITY
OF DEVICES WITH THE PLURALITY OF
EVENT START-TIME OFFSETS ARE
ASSOCIATED IN THE SCHEDULE SUCH
THAT A DISTRIBUTION OF NUMBERS OF
DEVICES ASSOCIATED WITH EACH OF THE
PLURALITY OF EVENT START-TIME
OFFSETS DEDICATED TO UNICAST
TRANSMISSIONS IS SUBSTANTIALLY

UNIFORM

Ve 800

804 TRANSMIT
ACCORDING TO
THE SCHEDULE
USING A MAINS-
POWERED DEVICE
(MPD)

808 CONFIGURE
NETWORK AT
LEAST IN PART
WITH BATTERY-
POWERED
DEVICES (BPDS)

812 BASE A
RADIO
FREQUENCY OF
THE UNICAST
TRANSMISSION AT
LEAST IN PART ON
A MEDIA ACCESS
CONTROL (MAC)
ADDRESS OF THE

THIRD DEVICE

FIG. 8
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900
002 CONFIGURE A NO. OF EVENT START- /
TIME OFFSETS BASED ON, E.G., A NO. OF
BATTERY-POWERED DEVICES EXPECTED

TO COMMUNICATE WITH A MAINS-POWER
DEVICE, AN EXPECTED MESSAGE
LENGTH, AN EXPECTED DATA RATE

906 ASSIGN DEVICES TO EVENT START-
TIME OFFSETS SUCH THAT A VARIANCE
OF THE DISTRIBUTION OF NUMBERS OF
DEVICES ASSOCIATED WITH EACH OF THE
PLURALITY OF EVENT START-TIME

OFFSETS IS UNDER A THRESHOLD VALUE

908 ASSIGN DEVICES TO EVENT START-

TIME OFFSETS WITHIN THE SCHEDULE

904 ASSIGN SUCH THAT A DIFFERENCE BETWEEN A

DEVICES TO NUMBER OF DEVICES ASSIGNED TO A
EVENT START- ONE EVENT START-TIME OFFSET AND A

TIME OFFSETS NUMBER OF DEVICES ASSIGNED TO
ANOTHER EVENT START-TIME OFFSET IS
WITHIN A THRESHOLD VALUE

910 ASSIGN DEVICES TO EVENT START-
TIME OFFSETS WITHIN THE SCHEDULE IN
A MANNER THAT RESULTS IN EACH EVENT
START-TIME OFFSET BEING ASSOCIATED
WITH “N” NUMBER OF DEVICES OR “N”
PLUS 1 NUMBER OF DEVICES, WHEREIN
“N” IS AN INTEGER THAT IS ZERO OR
GREATER
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1002 RECEIVE A REQUEST FROM A

1000 \ DEVICE TO JOIN A NETWORK OF THE
PLURALITY OF DEVICES

1004 ASSIGN THE DEVICE TO AN EVENT
START-TIME OFFSET SUCH THAT A
NUMBER OF DEVICES ASSIGNED TO EACH

EVENT START-TIME OFFSET [S

F I G 1 O SUBSTANTIALLY UNIFORM

1102 DETECT THAT A FIRST DEVICE
FROM AMONG THE PLURALITY OF
DEVICES HAS LEFT A NETWORK

INCLUDING THE PLURALITY OF DEVICES

1104 CHANGE AN EVENT START-TIME
OFFSET OF A SECOND DEVICE FROM
AMONG THE PLURALITY OF DEVICES THAT
IS NOT LEAVING THE NETWORK TO AN
EVENT START-TIME OFFSET PREVIOUSLY
USED BY THE FIRST DEVICE
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1204 TRANSMIT A PREAMBLE OF A

1202 TRANSMIT TO PACKET OF THE FIRST UNICAST
DEVICES, TRANSMISSION AT THE FIRST TIME OF
ACCORDING TO A THE FIRST EVENT START-TIME OFFSET
SCHEDULE ASSOCIATED WITH A FIRST BATTERY-

POWERED DEVICE

1206 TRANSMIT PORTIONS OF THE
PACKET OTHER THAN THE PREAMBLE OF
THE PACKET AFTER THE SECOND EVENT
START-TIME OFFSET ASSOCIATED WITH A

SECOND BATTERY-POWERED DEVICE

FIG. 12



1302 TRANSMIT,
ACCORDING TO A
SCHEDULE

11/17

1304 TRANSMIT, ACCORDING TO THE
SCHEDULE, A MULTICAST TRANSMISSION
TO AT LEAST TWO DEVICES, WHEREIN
THE MULTICAST TRANSMISSION IS SENT
AT A TIME INDICATED BY AN EVENT
START-TIME OFFSET (OR TIMESLOT)
FROM AMONG THE PLURALITY OF EVENT
START-TIME OFFSETS (OR TIMESLOTS) IN
THE SCHEDULE

1306 TRANSMIT TO A FIRST BATTERY-
POWERED DEVICE FROM AMONG THE
PLURALITY OF DEVICES ACCORDING TO A
FIRST EVENT START-TIME OFFSET OF THE
SCHEDULE DURING A HIGH-POWER-USE
PERIOD OF THE FIRST BATTERY-
POWERED DEVICE

1308 TRANSMIT TO A SECOND BATTERY-
POWERED DEVICE FROM AMONG THE
PLURALITY OF DEVICES ACCORDING TO A
SECOND EVENT START-TIME OFFSET OF
THE SCHEDULE DURING A LOW-POWER-
USE PERIOD OF THE FIRST BATTERY-

POWERED DEVICE
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1402 RECEIVE A BROADCAST
TRANSMISSION AT EACH OF TWO OR
MORE DEVICES ACCORDING TO A FIRST
EVENT START-TIME OFFSET INDICATED BY

A SCHEDULE

1406 RECEIVE AND/OR SENDING DATA AT

A FIRST DEVICE FROM AMONG THE TWO

OR MORE DEVICES ACCORDING TO A

SECOND EVENT START-TIME OFFSET
INDICATED BY THE SCHEDULE

1408 RECEIVE AND/OR SENDING DATA AT
A SECOND DEVICE FROM AMONG THE
TWO OR MORE DEVICES ACCORDING TO A
THIRD EVENT START-TIME OFFSET

INDICATED BY THE SCHEDULE

1410 CHANGE THE SCHEDULE TO MOVE
ONE OF THE TWO OR MORE DEVICES

FROM A FIRST EVENT START-TIME
OFFSET TO A SECOND EVENT START-TIME
OFFSET

1400
/_

1404 EACH OF THE
TWO OR MORE
DEVICES ARE
ASSOCIATED IN THE
SCHEDULE WITH AN
EVENT START-TIME
OFFSET SUCH THAT A
DISTRIBUTION OF
NUMBERS OF
DEVICES ASSOCIATED
WITH EACH OF TWO
OR MORE EVENT
START-TIME OFFSETS
(E.G., TIMESLOTS
USED FOR UNICAST
TRANSMISSIONS) IS
SUBSTANTIALLY

UNIFORM

FIG. 14
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1502 RECEIVE A REQUEST TO ADD A / 1500
DEVICE TO A NETWORK

1504 SELECT AN EVENT START-TIME
OFFSET FOR ASSIGNMENT TO THE DEVICE

1506 INSTRUCT THE DEVICE TO
TRANSMIT AND/OR RECEIVE DATA
ACCORDING TO A SCHEDULE BASED AT
LEAST IN PART ON THE SELECTED EVENT

START-TIME OFFSET

1508 SEND A UNICAST MESSAGE TO THE
DEVICE AT A TIME INDICATED BY THE
SCHEDULE

1510 RECEIVE A SECOND REQUEST TO

ADD A SECOND DEVICE TO THE NETWORK

1512 SELECT THE EVENT START-TIME
OFFSET, ALREADY ASSIGNED TO THE
FIRST DEVICE FOR ASSIGNMENT TO THE
SECOND DEVICE

1514 DETERMINE THAT THE FIRST

DEVICE HAS LEFT THE NETWORK

1516 REASSIGN THE SELECTED EVENT F I ( ; 1 5
START-TIME OFFSET TO A THIRD DEVICE .

THAT IS PART OF THE NETWORK
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Ve 1600

1602 ALLOCATE A FIRST SET OF
DEVICES THAT HAVE A FIRST WAKEUP
RATE TO EVENT START-TIME OFFSETS

BASED AT LEAST IN PART ON THE FIRST

WAKEUP RATE

1604 ALLOCATE A SECOND SET OF
DEVICES THAT HAVE A SECOND WAKEUP
RATE TO EVENT START-TIME OFFSETS
BASED AT LEAST IN PART ON THE

SECOND WAKEUP RATE

1606 GENERATE A SCHEDULE BASED AT
LEAST IN PART ON THE ALLOCATION OF
THE FIRST SET OF DEVICES AND THE
ALLOCATION OF THE SECOND SET OF
DEVICES

1608 TRANSMIT, ACCORDING TO THE
SCHEDULE, TO A FIRST DEVICE AMONG A
FIRST PLURALITY OF DEVICES ALLOCATED

TO A FIRST EVENT START-TIME OFFSET

1610 TRANSMIT, ACCORDING TO THE
SCHEDULE, TO A SECOND DEVICE AMONG
A SECOND PLURALITY OF DEVICES
ALLOCATED TO A SECOND EVENT START-
TIME OFFSET

FIG. 16



1700\‘

1702 ALLOCATE
DEVICES TO
EVENT START-
TIME OFFSETS

FIG. 17
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1704 ALLOCATE A SUBSTANTIALLY

UNIFORM NUMBER OF DEVICES TO A

PLURALITY OF EVENT START-TIME
OFFSETS

1706 ALLOCATE NUMBERS OF DEVICES

TO EACH A PLURALITY OF EVENT START-

TIME OFFSETS SO THAT A DISTRIBUTION

OF THE NUMBERS HAS A VARIANCE THAT
IS LESS THAN A THRESHOLD VALUE

1708 ALLOCATE DEVICES TO EVENT
START-TIME OFFSETS WITHIN THE
SCHEDULE SUCH THAT EVENT START-
TIME OFFSETS ARE ASSOCIATED WITH "N’
NUMBER OF DEVICES OR “N” PLUS 1
NUMBER OF DEVICES, WHEREIN “N” IS AN

INTEGER THAT IS ZERO OR GREATER

1710 ALLOCATE THE FIRST SET OF

DEVICES AND THE SECOND SET OF

DEVICES TO EVENT START-TIME OFFSETS
HAVING UNIFORM SPACING IN TIME
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1802 DETERMINE THAT A FIRST DEVICE / 1800
FROM AMONG THE FIRST SET OF DEVICES
HAS LEFT A NETWORK INCLUDING THE

FIRST SET OF DEVICES

1804 CHANGE AN EVENT START-TIME
OFFSET OF A SECOND DEVICE FROM
AMONG THE FIRST SET OF DEVICES THAT
IS NOT LEAVING THE NETWORK TO AN
EVENT START-TIME OFFSET PREVIOUSLY
USED BY THE FIRST DEVICE

1900
\ 1902 RECEIVE A REQUEST FROM A
DEVICE TO JOIN A NETWORK OF THE
FIRST SET OF DEVICES

1904 ASSIGN THE DEVICE TO AN EVENT
START-TIME OFFSET SUCH THAT A
NUMBER OF DEVICES ASSIGNED TO EACH

F I G 1 9 EVENT START-TIME OFFSET IS
n SUBSTANTIALLY UNIFORM
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2002 ALLOCATE A FIRST SET OF DEVICES EACH
HAVING A FIRST WAKEUP RATE TO EVENT START-TIME
OFFSETS OCCURRING OVER A FIRST PERIOD OF TIME,

WHEREIN THE FIRST PERIOD OF TIME IS BASED AT

LEAST IN PART ON THE FIRST WAKEUP RATE, AND
WHEREIN THE ALLOCATING IS PERFORMED SUCH THAT
A DISTRIBUTION OF THE FIRST SET OF DEVICES OVER

THE EVENT START-TIME OFFSETS OCCURRING OVER
THE FIRST PERIOD OF TIME AND DEDICATED TO

UNICAST TRANSMSSIONS |S SUBSTANTIALLY UNIFORM

2004 ALLOCATE A SECOND SET OF DEVICES EACH
HAVING A SECOND WAKEUP RATE TO EVENT START-
TIME OFFSETS OCCURRING OVER A SECOND PERIOD
OF TIME, WHEREIN THE SECOND PERIOD OF TIME IS
BASED AT LEAST IN PART ON THE SECOND WAKEUP
RATE, AND WHEREIN THE ALLOCATING IS PERFORMED
SUCH THAT A DISTRIBUTION OF THE SECOND SET OF
DEVICES OVER THE EVENT START-TIME OFFSETS
OCCURRING OVER THE SECOND PERIOD OF TIME AND
DEDICATED TO UNICAST TRANSMISSIONS IS
SUBSTANTIALLY UNIFORM

2006 GENERATE A SCHEDULE BASED AT LEAST IN
PART ON THE ALLOCATION OF THE FIRST SET OF
DEVICES AND THE ALLOCATION OF THE SECOND SET
OF DEVICES, E.G., GENERATING THE SCHEDULE SUCH
THAT A DISTRIBUTION OF THE FIRST SET OF DEVICES
AND THE SECOND SET OF DEVICES OVER EVENT
START-TIME OFFSETS DEDICATED TO UNICAST
TRANSMISSIONS WITHIN THE SCHEDULE IS
SUBSTANTIALLY UNIFORM

2000
/_




