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Foreword
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ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
ISO/IEC JTC 1.
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Introduction

This International Standard provides protocols for magnetic field area network (MFAN). MFAN can support
the service based on wireless communication and wireless power transfer in harsh environment. MFAN is
composed of four protocols; air interface, in-band control protocol, relay protocol, and security protocol.

ISO/IEC 15149-1 specifies the physical layer and media access control layer protocols of wireless
network over a magnetic field.

ISO/IEC 15149-2 specifies the control protocol for wireless power transfer based on magnetic field
area network.

ISO/IEC 151§9-3 specifies the relay protocol to extend effective network coverage of magnetiq field
area network.

ISO/IEC 15149-4 specifies the security protocol to authorize nodes to communicate in-magnetiq field
area network.

vi © ISO/IEC 2015 - All rights reserved
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Information technology — Telecommunications and
information exchange between systems — Magnetic
area network (MFAN) —

This [nternational Standard is applicable in various situations and environments, but is
perform excellently in the following certain use cases:

— mobile phones: provide ubiquitous charging environments for portable devices;

— Home appliances: allow unrestrained’placement of appliances with the elimination o
and plugs for power supply.

The rhedia access control layer.protocol is designed for the following scope:

<

ariable superframe strueture for wireless power transfer to multiple devices;
— sfimple and effectiye network topology for efficient wireless power transfer;

— dynamic address-assignment for efficient timesharing among multiple devices.
The physical Jayer protocol is designed for the following scope:

— dne ffequency band for both wireless power transfer and magnetic field communicatig

field

oth wireless
ency band. It
etwork.

iperiority in
The focus is
upper layer
b tasks: data

expected to

" wire cables

n;
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— variable coding and bandwidth for dynamic charging environment.

2 Normative references

Iror;

The following documents, in whole or in part, are normatively referenced in this document and are

indispensable for its application. For dated references, only the edition cited applies.
references, the latest edition of the referenced document (including any amendments) appl

For undated
ies.

ISO/IEC 15149-1:2014, Information technology — Telecommunications and information exchange between

systems — Magnetic field area network (MFAN) — Part 1: Air interface

© ISO/IEC 2015 - All rights reserved
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and definitions

For the purposes of this document, the following terms and definitions apply.

3.1

wireless power transfer

WPT

method of consistent and simultaneous power supply to multiple devices within a range without

physical con

3.2
magnetic fig
MFAN

wireless net

3.3

tact

old area network

magnetic ppwer network

MPAN
in-band wirg
communicat

3.4

ion and wireless power transfer within a single frequency band

magnetic ppwer area network-coordinator

MPAN-C
device that ¢
connection g

3.5

nd release of devices, and time scheduling of power transfer and data

magnetic power area network-node

MPAN-N
devices that

comprises magnetic power area network-and that is not a coordinator

4 Symbjls and abbreviated terms

work that provides reliable communication in harsh environments using magnetic fie

less power transfer network that incorporates magnetic field area metwork (MFAN)

arries out integral operations for magnetic power areanetwork; wireless power tra

ld

in its

nsfer,

The following acronyms are used in this‘document:

ARq Alssociation Request

ARs Alssociation Response

ARA Alssociation Response Acknowledgement

ASC Alssociation) Status Check

ASK Amplitude Shift Keying

ASRq Association Status Request

ASRs Association Status Response

ASRA Association Status Response Acknowledgement
BPSK Binary Phase Shift Keying

CRC Cyclic Redundancy Check

DA Data Acknowledgement

DaRq Disassociation Request

2 © ISO/IEC 2015 - All rights reserved
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DaRs

DaRA

DRq
DRs
DRA
FCS

Disassociation Response

Disassociation Response Acknowledgement
Data Request

Data Response

Data Response Acknowledgement

Frame Check Sequence

ISO/IEC 15149-2:2015(E)

GSRq
GSRs
GSRA
LSB
MAC
NRZ-
PHY
PLRC
PLRC
PS
PSF
PSFI
PT
PTBR
PTE(Q
PTE(Q
PTP(Q
PTR(

A

A

Group ID Set-up Request

Group ID Set-up Response

Group ID Set-up Response Acknowledgement
Least Significant Bit

Media Access Control

Non-Return-to-Zero Level

Physical Layer Protocol

Power Level Request Command

Power Level Request Command Acknowledgement
Power Status

Power Status Feedback

Power Status Feedback Interval

Power Transfer

Power Transfer Beacon Request

Power Transfer Execution Command

Power Transfer Execution Command Acknowledgement
Power Transfer Permission Command

Power Transfer Request Command

PTRq

PTRs
RA
RR

SIFS

TDMA

UID

Power Transfer Request
Power Transfer Response
Response Acknowledgement
Response Request

Short Inter Frame Space

Time Division Multiple Access

Unique Identifier
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5 Overview

MPAN is an in-band wireless network system that enables wireless communication and wireless power
transfer within a single frequency band. Data and control commands are communicated according to the
MFAN system; power is transferred wirelessly according to the consistent WPT system, both at the same
frequency band. Due to the characteristics of magnetic field and legal regulations on the power level, the
range of MFAN is wider than that of WPT. Within the MPAN, the maximum WPT efficiency is achieved
with an MPAN-C taking in charge of every scheduling accordingly for devices in most effective orders.

The MFAN has a low carrier frequency bandwidth of 30 KHz to 300 KHz; the same frequency band is
used for WPT It uses a SImple and robust modulatlon method llke BPSK for low cost 1mplementat10n

and low err¢
in specific a
several meté
MPAN uses 3

It uses dynainic address assignment for small packet size, so to manage address efficiently as well. 4
an adaptive link quality control by using various transmission speeds, and coding met

incorporates
suitable for y

There are tv
MPAN-N. On|
to. As a bas
response to
MPAN mana
would begin

As shown in
receives rele
like power t
control data

painst noises. It can prov1de data transmission speed of several kbps w1th1n a distanr
rs. For WPT, unmodulated sine sinusoidal signal is used to enhance WPT effi€iency.
simple and efficient network topology like the ‘star topology" for low powerconsum

rarious MPAN environments.

vo kinds of devices participating in an MPAN according to their functions: MPAN-
|y one MPAN-C may exist within an MPAN, where a number of MPAN-Ns may be regis
e station of MPAN, MPAN-C manages connection and release' of MPAN-Ns when th
its request. For the data transmission, MPAN uses TDMA'method; When an MPAN-N
ped by MPAN-C, MPAN-C allocates time-slots for the MPAN-N. WPT and data transm
as MPAN-C requests for the responses of MPAN-Ns;

Figure 1, MPAN-C and MPAN-Ns are to be located/elsewhere within the network. If MK
vant data for WPT — ID, battery informatjoietc. — from MPAN-Ns, it examines f3
ransfer sequences or the number of time slots for an appropriate WPT. MPAN-C then
back to MPAN-Ns to manage overall WPRT\operations.

stflered

1ce of
. The
ption.
\Iso it
hods

C and
tered
bre is
joins
ssion

AN-C
ctors
ends

\ .
< Magnetic

= Field
'

Magnetic Field
Communication

1 Y

o

P
UTTICE

I Ap
TTUTITT VUIIILIU

Figure 1 — Wireless Power Transfer System

MPAN can be applied to various industries. It may be applied to a situation where electric devices are
in need of constant power supply to function properly. For some industries, significant improvement in
efficiency is attainable simply by providing power wirelessly. In any cases, duration of battery life no
longer becomes a problem; no need to spare broad space for spacious batteries and charging equipment.

As for an example, there has always been a battery issue when it comes to using mobile devices
(Figure 2) due to its running time. MPAN is able to provide a ubiquitous charging environment while on
a stable network service. Also for the home appliances (Figure 3), complex wire cables and plugs can be
eliminated; a placement of home appliances at one’s convenience becomes possible with MPAN.

4 © ISO/IEC 2015 - All rights reserved
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6 Network elements

6.1

The e
The t
spont
basic
MPA]

Figure 3 — Hame Appliances

General

lements of MPAN, based on'the elements of MFAN, are classified in two: time and phys
jme element refers to the.superframe structure consisting of request period, respons
aneous period. The physical element refers to the MPAN devices: MPAN-C and MPAN-
unit in the physicalelement is device. A device may be defined according to its rolej
N-C that managésynetwork, or an MPAN-N that communicates with MPAN-C.

an MPANis'set up, a node is allocated to be an MPAN-C: the device in charge of the p¢

ical element.
e period, and
Ns. The most
either as an

rfect control
begins when
riod. Within
PAN become

ending upon

its role. For the connection between an MPAN-C and an MPAN-N, a peer-to-peer connection is used.

6.2

6.2.1

Time element

General

The MPAN inherits the same time elements used in MFAN, ISO/IEC 15149-1, which is much similar to
the method used in TDMA time slot; MPAN-C arranges times slots for individual MPAN-Ns. MPAN-C
manages data from the group of MPAN-Ns during response period. There are some new features newly
introduced from ISO/IEC 15149-2 in relation to WPT.

© ISO/IEC 2015 - All rights reserved
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6.2.2 Time element for MPAN

The time element of MPAN, as shown in Figure 4, consists of request period, response period, and
spontaneous period. The lengths of request and response period are varied; the length of spontaneous
period is subject to the length of request and response period.

The superframe begins when MPAN-C transmits a PTRq packet to MPAN-Ns during the request period.
When MPAN-N receives the packet, it sends PTRs packet back as a response. According to the PTRs
packets received, MPAN-C sends PTBRq packet with information on the WPT time schedule. In that case,
relevant MPAN-Ns can receive WPT during the following response periods. During the power status
feedback interval, MPAN-Ns will transmit the PSF packet as a response to the PS beacon from MPAN-C.

Super frame
N-1

Super frame
N

Super frame
N+1

variable wvariable

wvariable ariable wvariable wvariable
Tt ]
- Spo
Response period B

n#jeous
iod
TR i iy

Power status feedback interval

variable variable variable
™ e Lt

101

Request

Spontaneous
period i

period
| S

Request
period

Response period

Figure 4 — MPAN superframe structure

6.2.2.1 Request period

During the 1 bdule.

Receiving P’

equest period, MPAN-C transmits PTRq packet to invite MPAN-Ns to WPT time schg
'Rq packet, MPAN-Ns prepare to take WPT from MPAN-C.

6.2.2.2 Response period

The respons
length of ea
response pel
MPAN-N, the
or to a grouy
group may r

During the r
MPAN-Ns pu
information
provide detd

Ch time slot varies according to the total length of WPT. When MPAN-C schedules
iod, MPAN-C allocates slot numbers to each time slots in a numerical order; if there is i
slot number will be zero. MPAN-C may assign each time slot either to an individual MP

of MPAN-Ns. According to a sequence of the schedule, an MPAN-N or all the MPAN-N
eceive wireless(power simultaneously.

sponse period of MPAN, MPAN-Ns send PTRs to MPAN-C if the node is in need of WP
t in schedule by MPAN-C can receive WPT during the response period. MPAN-C, wit
received, calculates distance to MPAN-Ns. MPAN-C will then return PTBRq to MPAN-
iled time schedule and start WPT at a power level appropriate for the distance.

e period can be divided intd-several time slots by the number of MPAN-Ns for WPT.

The
for a
1ot an
AN-N
sina

. The
h the
Ns to

Distinguishable to the MFAN response period, the response period of MPAN has PSFI. After each time
slot, there is a PSFI for quick power status update and abnormal situation. During WPT, when MPAN-N
receives the PS beacon in the PSF], it transmits the PSF packet to MPAN-C for notifying the updated
power status as the response for the PS beacon in the PSFI. When abnormal situation is sensed by the
MPAN-C, it is notified to all MPAN-Ns in the PSFI by the MPAN-C. When the MPAN-Ns recognize error by
receiving the PS beacon, they wait until receiving a request from the MPAN-C.

© ISO/IEC 2015 - All rights reserved
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6.2.2

The
time
packg
requsg
the a
MPA]
perio

6.3

Ther
devid
entir
packg
is shd

6.3.1

MPAJ
appr

6.3.2
MPA]

ppriate RR packet, it can manage and control MPAN-Ns within MPAN.

ISO/IEC 15149-
wvariable
N variable variable variable variable >
- —] |— i [
[l Il
Req‘."GSt Response period Spont neous
period period
1] 1] 1]
PSFI ll' ll‘
PSFI
(Power Status Feedback Interval
< variable N
variable variable -
PS 1t PSF Last PSF
beacon

Figure 5 — PSFI in response period

3 Spontaneous period

pontaneous period begins when MPAN-C confirms all PSF pdckets from MPAN-N
slot of the response period and broadcasts PTPC. It will last until MPAN-C will tr|
t again. During this period, low power devices can request power transfer witho
st. When MPAN-C receives PTRC packet, it returns PTEC packet. As MPAN-C rece
rknowledgement, it provides WPT to low power devices for a certain length of time
N-C and MPAN-N sends PLRC and PLRCA correspondently to check on the power level r
d will last until MPAN-C transmits a request packet, or until it engages into a request |

Physical element

e, can be categorized either as an;MPAN-C or MPAN-N according to its role. An MPAI
e MPAN. An MPAN-C is able to control MPAN-Ns with RR packets. MPAN-Ns must rett
ts back accordingly to MPAN-Cin order to proceed with operations. A basic configura

whn in Figure 6.

Coordinator

N-C is a node thatimanages MPAN; there is only a single MPAN-C per network. By tra

Nodé

s in the last
ansmit a RR
ut MPAN-C’s
ives PTECA,
. Afterward,
bceived. This
beriod again.

e are two kinds of physical elements within MPAN, which are MPAN-C and MPAN-N. The basic unit,

N-C manages
Irn response
ion of MPAN

nsmitting an

MPAN-Ns can

linkt

b anetwork at the same time. It returns response packets according to the RR packet sen

N-IN is-a device that is associated to an MPAN, and is not an MPAN-C. As much as 65 519 ]

t by MPAN-C.
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6.4 Addrg

In order to

and chargin

6.4.1 MFANID

Specified in
6.4.2 UID
Specified in
6.4.3
Specified in

6.4.4 Nod

Specified in

6.4.5 WP

WPT ID is a

MFAN.7ange

\
i

./'
7

aguodsaa\.
1sanbay -

MPAN-

[»]

-,

~

MPAN-_r\ange

\ y o
- MFAN-N} {

MFAN-fange

N
asuodsay.
1sanbay

- MPAN‘range
" MPAN-C

- \ 4
MPAN#N Wireless Power

Request | MPAN-N II'=

: Request .
T
‘. Response

Request | i
: i

Response | .;' |

: i

i

[

\
\

Response ,

Growip ID

Figure 6 — MPAN physical element

bss element

SO/IEC 15149-1:2014, 5.4.1

SO/IEC 15149-1:2014, 5.4.2

SO/IEC 15149-1:2014, 5.4.3

SO/IEC 15149-1:2014, 5.4.4

identifier used during WPT. The ID has a 8-bit address assigned by MPAN-C for

dentify MPAN-Ns, MPAN uses an address system for MFAN'ID, UID, group ID, node ID,

quick

communicatfiorf,during WPT. The ID is allocated to MPAN-Ns during the request period right beforef WPT
begins. Somé WPT IDs are reserved in Table 3

Table 1 — Reserved charging ID

Node ID Content Remarks

OxFF All nodes When broadcasting or transmitting all nodes

OxFE Unjoined node Default ID for node

0xFO0 - 0xFD Reserved —
8 © ISO/IEC 2015 - All rights reserved
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7.1

General

-2:2015(E)

The MPAN inherits the same network status used in MFAN, ISO/IEC 15149-1. On top of it, there are some
newly introduced status for MPAN in relation to wireless power transfer: stabilization, invigoration,
revitalization status.

7.2

Network status for MPAN

7.2.1

MPA]
PTR(
durin
for W
beacq
perio
statu
packg
the s
stop
the 13

7.2.2

MPAT]
to ke
mods
shutt
then

toan
recei
the p
will i

7.2.3

MPA]
MPA]
of po
contr
the M

Stabllization

N in stabilization carries out wireless power transfer in every normal conditions{As
packetduring the request period, MPAN-Ns probe the packetand transmit PTRs packe
g the response period. Based on the information in the PTRs packet, MPAN-C"schedu
PT and transmits the schedule in PTBRq packet. WPT will commence ascMPAN-C tr
n. MPAN-Ns receive WPT from MPAN-C according to the scheduling séquence during

d to MPAN-Ns in a time slot. After a time slot for WPT is finished, there is PSFI for

5 update. When MPAN-Ns receive PS beacon from MPAN-C during'the PSFI, MPAN-Ns v
t upon MPAN-C’s requests. After confirming the PSF packets,"the MPAN-C will infoy
art of WPT with PTS beacon, engaging in WPT for the next.time slot. During WPT, |
WPT if it detects error. Otherwise, WPT is completed whehMPAN-C receives every PSK
st time slot.

Invigoration

accordingly
es time slots
ansmits PTS
the response
quick power
wvill send PSF
m MPAN-Ns
MPAN-C may
packet from

M}PAN—C sends

N in invigoration prioritizes devices low in power, and supplies power during spontaneous period

ep them on-line. When an MPAN-N become§low in power, the MPAN-N will operate in p
, minimizing its operations. The MPAN-N'may request power supply to MPAN-C in ord
ing down. To do so, the MPAN-N will:isend PTRC to MPAN-C upon receiving PTPC; the

Feceive returning PTEC from MPAN-C. MPAN-N will send PTECA and be engaged in W
MPAN-N low in battery is to be kept minimal, not to interrupt originally scheduled WP
Ves power up to a threshold.Jevel (to be cut off from the WPT), the WPT will be term
pwer transfer in invigoration, MPAN-C sends PLRC to check on the power level receiy
eturn PLRCA and if the power level is above threshold 2, the status will then become ¢

Revitalization

N in revitalization provides power transfer to unassociated devices completely dried
N system ineludes distinctive WPT scenario to power down devices. When an MPAN
wer, thé.device is unable to process any signalling operations. Therefore, MPAN-C
ol the MPAN-N out of power; although it is not properly scheduled and may interrupt g

ower-saving
er to prevent
MPAN-N will
PT. The WPT
T. [f MPAN-N
inated. After
red. MPAN-N
tabilization.

up of power.
N is run out
is unable to
urrent WPT,

MPAT

PAN-N out of power will receive WPT during response period. However, in sponta

eous period,
rom revived

power-down devices as soon as possible. MPAN-C will then be able to manage and control the revived
MPAN-N and undergoes procedures explained from 7.2.2 invigoration.

7.3

MPAN state

MPAN device state includes MPAN-C state and MPAN-N state as justified in ISO/IEC 15149-1. Put in
detail, MPAN-C states are divided into standby state, packet analysis state, packet generation state;
power transfer state, power transfer standby state, power status packet analysis state, and power status
packet generation state. MPAN-N states are composed of hibernation power level detection state, stable
hibernation state, general activation state, standby state, packet analysis state, packet generation state;
power reception state, power isolation state, power down hibernation state, low power hibernation
state, low power packet analysis state, low power packet generation state, PSF activation state, power
status packet analysis, power status packet generation.
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7.3.1 Coordinator state

7.3.1.1 Communication procedure

The state of MPAN-C will be at standby when power is turned on. During standby state, the system
commands transmission of RR packet and the superframe begins; MPAN-C enters packet generation
state. Once the transmission of RR packet is carried out, MPAN-C returns to standby state, waiting for
responses. When MPAN-C receives response (or whichever packet) from MPAN-Ns while performing
carrier detection during standby state, MPAN-C enters packet analysis state. If the destination ID of the
received packet and the node ID of MPAN-C correspond, MPAN-C enters packet generation state. During
packet generation state, MPAN-C generates either RA or DA packet accordingly, and sends to MPAN-Ns.
The state of MPAN-C will return to standby state, afterward.

In case of erfor detection within the data packet while on packet analysis, the MPAN-C returns difectly
to standby dtate. If errors are detected within the received response packet or destination ID ¢f the
received response packet do not corresponds to node ID of MPAN-C during packet analysig'state, MHAN-C
regenerates |RR packet from generation state and re-transmits it to MPAN-Ns after a>certain length of
time; the MRAN-C returns to standby state. If the failure continues, the procedureywill be repeatled as
many times ps configured (maximum of N times). On the (N+1) th attempt, MPAN=C returns to stgndby
state from phcket analysis state.

7.3.1.2 Stabilization procedure

For WPT, MPAN-C enters packet generation state as the superfrafie begins (system commands), and
sends PTRq [packet. Once the transmission of PTRq packet is_eatried out, MPAN-C returns to stgndby
state. When[MPAN-C receives PTRs packet from MPAN-Ns, MPAN-C enters packet analysis state.[After
confirming the packet, MPAN-C enters packet generation state'to create PTBRq packet with the schedule
for WPT. With the transmission of PTBRq packet, MPAN%G-enters power status packet generation ftate.
MPAN-C, aft¢r sending PTBR(q packet, again sends PTSfaMPAN-Ns, informing the start of WPT accofrding
to the schedyile provided; MPAN-C enters power transfer state.

MPAN-C ent¢rs power status packet generationstate, when PSFI begins. As MPAN-C transmits PS b¢acon
to all MPAN-Ns during the PSFI, MPAN-C willenter power transfer standby state and receive PSF pdckets
from MPAN-Ns. Receiving PSF packets, MPAN-C enters power status packet analysis state. From gower
status packdt analysis, MPAN-C countsthe number of PSF packets and the number of time slots. [[f the
number of PSF does not equal to thelnumber of total PSF packets to be received, MPAN-C returns power
transfer stangdby, waiting for the next PSF packet. If the number of PSF packets equal to the total number
of PSF packets, MPAN-C counts.@n the slot number. If slot number does not equal to the number of total
slots (last slpt number), MPAN-C enters power status packet generation state to re-send PTS beacon
packet for tHe WPT in théwnéxt time slot. If the slot number equals to the number of total time slpts, it
indicates thg WPT timescheduling has finished for the response period; MPAN-C returns standby state.
For error detlection duning power transfer, MPAN-C immediately enters power transfer standby. MHAN-C
waits until cprrenttime slot times-out, and enter power status packet generation for PSFI.

7.3.1.3 Invigeratienprecedure

During invigoration, MPAN-C enters packet generation state as system commands to send PTPC to
indicate the start of spontaneous period. MPAN returns to standby to wait for PTRC. When MPAN-C
receives PTRC, MPAN-C enters packet analysis to check node ID. If it corresponds, MPAN-C enters packet
generation to create PTEC (with ack.) and returns standby. Upon receiving PTECA, it goes packet analysis,
then onto power transfer state to engage in power transfer to low power devices. When power transfer
times out in spontaneous period, MPAN-C enters standby. After every power transfer in spontaneous
period, MPAN-C check on the power level received from the MPAN-Ns that received power. MPAN-C
enters from standby to packet generation to generate PLRC. MPAN-C waits from standby for PLRCA. As
MPAN-C receives PLRCA, it goes to packet analysis state, then returns standby.
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7.3.1.4 Revitalization procedure

During revitalization, MPAN-C enters packet generation at the beginning of spontaneous period as
the system command, to generate PTEC (without ack.) broadcasting. MPAN-N enters power transfer
as MPAN-C sends PTEC; MPAN-C returns standby afterward. After the power transfer, the system
commands to broadcast PLRC. MPAN-C will enter packet generation and standby consecutively. On
receipt of PLRCA, MPAN-C realizes MPAN-Ns in low-power, and engages in invigoration.

The states of MPAN-C are as described on Figure 7.
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Figure 7 — MPAN-C state diagram

7.3.2| Node state

7.3.2{11 Communication procedure

As MPAN-N is turned on, it will enter hibernation power level detection state. According ta power level
COIld 3 pa | Lila 1 L Lils A | +alal

LlUll, lL UIvel SCD lllLU l)UVVCl UUVWII 11ITDTT uauuu, 1UVV UaLLCly ITTOTT uauuu, dallu Stadul hlbernation
states. While in stable hibernation state, MPAN-N enters general activation state when wake-upl
sequence (defined in 8.1) is detected. When MPAN-N receives RR packet, MPAN-N enters packet analysis
state to probe on received RR packet. If the destination ID of the RR packet and MPAN-N ID (group ID or
node ID) correspond, MPAN-N enters packet generation state. By sending an appropriate response packet
to MPAN-C, MPAN-N enters standby state. From standby state, MPAN-N will enter stable hibernation
state if it receives appropriate RA packet returned from MPAN-C; if it receives RA packet for other nodes,
MPAN-N returns to packet generation state to send response packet again.

If MPAN-N detects error or mismatch during packet analysis (if the IDs will not correspond), MPAN-N
enters hibernation power level detection state. MPAN-N may also enter hibernation power detection
state from standby state when slot-number is not allocated before it is timed out; if MPAN-N is allocated
of slot-number but has not received RA packet during time-out period, or if MPAN-N has received RA
for other MPAN-Ns, MPAN-N enters packet generation state. MPAN-N will regenerate and retransmit
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response packet to MPAN-C, retuning to standby state. The retransmission of the response packet may
be repeated for as much as N times. On the N+1th time-out, MPAN-N enters hibernation power detection
state. If RR packet arrives to MPAN-N while on the carrier detection during standby state, it enters
packet analysis state. If sensor system interruption occurs during stable hibernation state, MPAN-N
enters general activation state. According to the command from the system, MPAN-N enters packet
generation state. MPAN-N will generate and send appropriate data to MPAN-C, entering to standby
state. If MPAN-N receives DA packet, it returns hibernation power level detection state; if not, MPAN-N
enters packet generation state to retransmit previous data to enter standby state, until it will receive
DA packet. If received DA is for other MPAN-Ns, the MPAN-N also returns to packet generation. On the
(N+1) th time-out, MPAN-N enters hibernation power detection state.

7.3.2.2 Stabilization procedure

MPAN-N undergoes a little more complicated states for WPT. MPAN-N in stabilization will receive yake-
up 1 (along with PTRq) during request period, which wakes-up MPAN-N in stable hibérnation state.
MPAN-N wil] enter general activation state as MPAN-N receives PTRq packet, and packef analysis|state
in consequence. If the ID in packet corresponds with node ID, MPAN-N goes to packet.géneration state to
create PTRs]At transmission MPAN-N enters hibernation power detection state. When MPAN-N regeives
PTBRq from[MPAN-C, MPAN-N wakes up to general activation state, analyses toreceive WPT from placket
analysis state. If the packet is PTBRq, then MPAN-N probes on the packet@nd returns to hibernation
power level fletection state. When MPAN-C sends PTS packet along with wake-up3, MPAN-N enterjs PSF
activation stjate, then onto power status packet analysis state. According to the time schedule gn the
previous PTBRq, the path for MPAN-N diverges into two. One will lead MPAN-N to power reception|right
away, and thle other will guide MPAN-N to power isolation state to maximize overall WPT efficiengy.

If MPAN-N Has received PTS beacon and is scheduled for the\following time slot, it will enter gower
reception state to receive WPT. When power transfer finishes, MPAN-N enters hibernation power| level
detection state, before entering to stable hibernation stdte;From stable hibernation state, MPAN-N that
has received PS beacon will go through PSF activationypower status packet analysis and power dtatus
packet generation to create PSF. Sending PSF, MPAN-N will enter hibernation power level detgction
state to appropriate hibernation state. MPAN-N_will wait for next PTS or other relevant packets|from
hibernation |states. If MPAN-N has received PTS beacon and is not scheduled for the following| time
slot, MPAN-N enters power isolation state, When PSFI begins, MPAN-N in power isolation state dnters
hibernation power level detection state. MPAN-N will wait for PS beacon to go through PSFI procedures.
MPAN-N wil] wait for next PTS or other'relevant packets from hibernation states.

7.3.2.3 Inyigoration procedute

MPAN-N in low power hibernation state may request for power transfer during spontaneous pe¢riod:
invigoration]| While in low\power hibernation state, MPAN-N may detect wake-up 2 signal and entgr low
power packdt analysisétate. If the packet is PTPC, MPAN-N enters low power packet generation state to
generate PTRC to request for power transfer; MPAN-N returns hibernation power level detection fstate.

then onto an approprlate h1bernat10n state. The following PLRC w1ll Wake MPAN N to elther low power
packet analysis or to packet analysis state, depending on the power level of MPAN-N. MPAN-N will enter
appropriate packet generation state to send PLRCA, and enter hibernation power level detection. The
power supplied at this time is of small amount, little affecting WPT originally intended for other MPAN-Ns.

7.3.2.4 Revitalization procedure

When MPAN-N is in revitalization, MPAN-N is in power-down state. The power-down MPAN-N can
receive power transfer automatically within MPAN range due to the nature of magnetic resonance. To
make such procedure much effective, MPAN-C regularly broadcasts PTEC (no ack.) along with power
transfer during spontaneous. If power down device is turned on and enter low-battery hibernation state,
MPAN-N will reply PLRCA to PLRC after power transfer. From then on, MPAN-N engages in invigoration.
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The states of MPAN-N are as described on Figure 8.
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section describes the physical layer frame format of MPAN, adopting that of MFAN. |As shown in
e 9, the physical layer frame consists of three components: the preamble, the header, and the
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Figure 9 — physical layer frame format
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8.2 Preamble

As shown in Figure 10, the preamble consists of two parts: a wake-up sequence and a synchronization
sequence. An 8-bitwake-up sequenceis categorized in two types: oneis for general MFAN communication,
and the other one is for WPT. The wake-up 1 sequence for MFAN communication consists of [0000 0000],
and the wake-up 2 sequence for command consists of [1111 1111] and wake-up 3 sequence for WPT
consists of [1111 0000].The following 16-bit synchronization sequence consists of a 12-bit sequence
[0000 0000 0000]. A 4-bit sequence of [1010] comes after the synchronization sequence. The wake-
up 1 sequence is only included in the preamble of RR packet during the request period; the wake-up
2 sequence is included in the preamble of PTEC packet during the spontaneous period; the wake-up 3
sequence is included in the preamble of PS beacon during the response period. The synchronization
sequence is FThe packe T, Symt TIiT Td The carrier freq T i

(10 € Pd dCJU O V DO O dlld d [ equency e dlUIOI.

The preamble is coded using the TYPE 0 defined in 8.1.3. The wake-up sequence is modulated by ASK,
but the synchronization sequence is coded using BPSK.

LSB MSB
. "0000_0000'
Transmission or '1111_1111' '0000_0000_0000" 1010
or "1111_0000' (12 bits) @ bits)
(8 bits)

Figure 10 — Preamble format

8.3 Headeér

The WPT flag frame of the header verifies whether the entire frame is for WPT, or MFAN. If the frame
has the valu¢ of 1, then it is for WPT; if it has the value of0;then it is for MFAN.

Specified in [SO/IEC 15149-1:2014, 7.1.3

8.4 Paylopd
Specified in [SO/IEC 15149-1:2014, 7.1.4

8.5 Frame check sequence

Specified in [SO/IEC 15149-1:2014, 7.1.5

9 MAC layer framie format

9.1 General

Th MAC f mn of MDAN cancicte of oo bhaodae o d oo n bhadey T s bt c +hn NIAC 1ovrnye 4
e rame—-orvrar—€oRSistSotrtrame neaaer—anatraime DOty T T CTICS trC VI YG 1ay CT frame

format justified in ISO/IEC 15149-1. Frame header has information for data transmission to devices.
Frame body has the actual data to be transmitted.

9.2 Frame format for MPAN

All the MAC layer frames consist of frame header and frame body as shown in Figure 11.

a) Frame header: Consists of the MFAN ID, frame control, source node ID, destination node ID, and
sequence number. Frame header contains information for the transmission.

b) Frame body: Consists of the payload that contains actual data to be transmitted to MPAN devices
and FCS used to check errors within the payload.
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Unit: Byte
1 2 2 2 1 Variable 2
MFAN Frame Source Destination Sequence Pavioad F heck
ID control node ID node ID number ayloa rame check sequence
Frame header Frame body

9.2.1] Frame header

Specified in ISO/IEC 15149-1:2014, 8.2.1

9.2.2] Frame body
Speciffied in ISO/IEC 15149-1:2014, 8.2.2

9.2.3 Frame type

Figure 11 — MAC laver frame format of MPAN
t=]

Ther¢ are four types of frame: request frame, response frame, data frame, and acknowledg¢ment frame.

Table 2 — Frame type

Frame type Value (Binary) |Content Period
Request for the response of association (ARq),
R disassociation (DaRq), association status (ASRq),
Requpst frame 000 data transmission (DRq), power transfer (PTRq), Refjuest
power transfer beacon (PTBRq), and so on.
Response for the request of association (ARs),
Respbnse frame 00i disassociation (DaRs), association status (ASRs), Retponse
p data transmission (DRs), power transfer (PTRs), PP
and so on.
Data Frame 010 Data transmission without the request of coordi- Spéntaneous
nator
Acknpwledgement 011 Acknowledgement of the response (RA*) data Regponse,
frame transmission (DA), and command (CA) for nodes |Sp¢ntaneous
Command for power transfer permission (PTPC),
Comthand.frame 100 power transfer execution (PTEC), power level Spontaneous
T request (PLRC) to devices
*  RAincludes ARA, DaRA, ASRA, and so on.

9.2.3.1 Request frame
Specified in ISO/IEC 15149-1:2014, 8.3.1

9.2.3.2 Response frame

Specified in ISO/IEC 15149-1:2014, 8.3.2

9.2.3.3 Data frame
Specified in ISO/IEC 15149-1:2014, 8.3.3
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9.2.3.4 Acknowledgement frame

Specified in ISO/IEC 15149-1:2014, 8.3.4

9.2.3.5 Command frame

The command frame consists of UID, command code, command block, and FCS. If the value for control
code is 0, then it is WPT request; if the value is 1, then it is WPT response.

Unit: Byte
8 8 1 L 2
uUiD Command Command Frame check sequence
Frame code block
header
Frame body

Figure 12 — Format of command frame

9.2.4 Pay'load format

Payload format is composed of request frame, response frame,data frame, and acknowledgement ffame.

9.2.4.1 Request frame

As shown in| Figure 13, payload for the request frathe consists of group ID, request code, length, and
more than ofe request block. When group ID is OxEF, it indicates that MPAN-C requests a response{from
all MPAN-N groups.

Unit: Byte
1 1 1 L1 L2 Ln
Group ID Request Length Request Request Request
code =) L) block-1 block-2 block-n

Figure 13 — Payload format of request frame

a) GroupID

Group ID field consists of 1 byte and is used to send RR packets to certain groups. For the details of
the group ID, refer to 6.4.3.

b) Request code

Request code in payload of a request frame is shown in Table 3.
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Table 3 — Payload request code of request frame

Category Request code Content Remarks
Network 0x01 Association request|Request for association response to unjoined nodes
0x02 Disassociation Request for disassociation response to joined nodes
request
0x03 Association status |Request for association status response to joined
request nodes
0x04 - 0xOF Reserved —
Data 0x11 Data request Reqguest for data transmission to joined nodes
0x12 - Ox1F Reserved —

Configuration 0x21

Group ID set-up
request

Request for group ID change tojopined nodes

0x22 - 0x2F

Reserved

Wireless Power [0x31

Power transfer

Request for power transfer response tq joined

Trangfer request nodes
0x32 Power transfer Request for powertransfer beacon to jpined nodes
beacon request
0x33 - 0x3F Reserved —
Reserved 0x40 - OxFF Reserved —
c) ILength
I[{ength field consists of 1 byte; it indicates.the total length of request block. The length|field value is
variable to the length and the number of'rfequest blocks.
d) Requestblock
The data format of request block'is composed differently according to request codes; mlore than one

—

1) Association request

ecified in ISQ/IEC 15149-1:2014, 8.4.1.4
DisagSociation request

ecified in ISO/IEC 15149-1:2014, 8.4.1.4

equest blocks can be includedin the payload of request frame.

The details for the data format of each request block are as follows:

3—Association-statusreqgtest

Specified in ISO/IEC 15149-1:2014, 8.4.1.4
4) Datarequest

Specified in ISO/IEC 15149-1:2014, 8.4.1.4
5) Group ID set-up request

Specified in ISO/IEC 15149-1:2014, 8.4.1.4

6) Power transfer request

The block format of PTRq is shown in Figure 14. The first 2 bytes are for the node ID of MPAN-N for
PTRgq. If the node ID is OxFFFF, PTRq is requested to all MPAN-Ns under the group ID. The next 1
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byte is for the slot number. The last 1 byte is for the signal strength at transmission from MPAN-C,
and is measured in dB.

Unit: Byte

2 1 1
Node ID Slot number Signal strength sent at coordinator
Figure 14 — Block format of power transfer request
7) Power transfer beacon request
The blo¢k format of PTBRq is shown in Figure 15. The first 1 byte isdfor-the WPT ID of MP
for PTBRq. If the WPT ID is 0xFF, PSBRq is requested to all MPAN-Ns» The next 1 byte is fq

slot nunpber; next 2 bytes for the length of power transfer frame;-last 2 bytes for the power

AN-N
r the
level

at transmission. The last field, power transfer level, consists ofisighificant figure and (n-2) ppwer.
Simply gut to equation, the power transfer level is (Significant figure)*10(n-2) W.
Unit: Byte
2
1 1 2
1 1
Power Transfer Level (W)
Time
WPT| ID Slot number
Length (ims) o .
Significant figure n
Figure 15 = Block format of power transfer beacon request
9.2.4.2 Response frame
The payload format. of response frame has responsive information to the request of MPAN-C. The
response frame payload is shown in Figure 16. The first byte is for the group ID, the second byte|is for
the respons¢ céde, the third byte is for the response date length (L), and the next L bytes are for the
response data.
Unit: Byte
1 1 1 L1 L2 Ln
Group ID Response Length (=L) Response Response Response
code block-1 block-2 block-n
Figure 16 — Payload format of response frame
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The group address field consists of 1 byte and is used to send RR packets to a certain group. For the
details of the group ID, refer to 6.4.3.

b) Response code

Response code types are shown in Table 4.

Table 4 — Response code of response frame pavload

(Jategory Response code Content Remarks
Network 0x01 Association response |Transmission of node UID
0x02 Disassociation Transmission of node UD
response
0x03 Association status Transmission of node UID
response
0x04 - 0xOF Reserved —
0x11 Data response Transmission of requested data
0x12 - Ox1F Reserved —
Data 0x11 Group ID set-up Transmission of UID and group ID affter changes
response in group ID
0x12 - Ox1F Reserved —
Set-up 0x21 Group ID set-up Transmission of UID and group ID affter changes
response in group ID
0x22 - 0x2F Reserved —
Wireless Power [0x31 Powertransfer Transmission of requested data to rfeceive wire-
Trangfer response less power transfer
0X31 - 0x3F Reserved —
Resefved 0x40 - OXFF Reserved —
c) Length
I[length fieldyconsists of 1 byte and indicates the length of response data; it is variable faccording to
the response data.
d) HResponse data
rAcapuuac data are dividcd nto ARD, DaRa, ASR), DRa, GSRa, aud PTRs- Tlu: TeSpotrs data format

is as follows:

1) Association response

Specified in ISO/IEC 15149-1:2014, 8.4.2.4

2) Disassociation response

Specified in ISO/IEC 15149-1:2014, 8.4.2.4

3) Association status response

Specified in ISO/IEC 15149-1:2014, 8.4.2.4

4) Dataresponse
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Specified in ISO/IEC 15149-1:2014, 8.4.2.4

5) Group ID set-up response

Specified in ISO/IEC 15149-1:2014, 8.4.2.4

6) Power transfer response

The block format of PTRs is shown in Figure 17. The PTRs data consist of 2 bytes for remaining
amount of power in battery, 2 bytes for required power level by node. The next 4 bytes are for the
signal level: 2 bytes for reception at node, and 2 bytes for transmission at coordinator. Probing on
power levels and signal level, MPAN-C calculates distances to MPAN-N; efficient level of power may

be trandf

erred.

Unif: Byte

2

am

Thg remaining

unt of power in

batfery

Required power
level by node

Signal level received
at node

Signal lével sent at
coordinator

Figure 17 — Block format of power transfer response

9.2.4.3 Ddtaframe

Specified in

SO/IEC 15149-1:2014, 8.4.3

9.2.4.4 Adknowledgement frame

The RA frame payload has data referring to_the received response packet. The RA payload format is
ure 18. The first byte is for the’group ID, the second byte is for the response confirmation

shown in Fig

code, the thifd byte is for the length (L){and the next L bytes are for the response confirmation blpcks.

Unit: Byte
1 1 1 L1 L2 Ln
Group ID| | Response Length Response Response Response
confirmation (=) confirmation confirmation confirmation
code block-1 block-2 block-n
Figure 18 — Payload format of acknowledgement frame
a) GroupID

The group ID field consists of 1 byte and is used to send RR packets to a certain group. For the
details of the group ID, refer to 6.4.3.

b) Response confirmation code

Response confirmation code types are shown in Table 5.
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c) Length
The length field consists of 1 byte; it indicates the length of response confirmation data and is
variable according to the response confirmation data.
Table 5 — Response confirmation code
Category Reception con- Content Remarks
firmation code
NetwpTrR x0T ASSoCIation Tesponse | U1D and assigned node 1D transmission of nodes
confirmation
0x02 Disassociation UID and node ID transmission‘ef nodes
response confirmation
0x03 Association status UID transmission of nodes
response confirmation
0x04 - 0xOF Reserved —
Data 0x11 Data response confir- |Confirmation of data transmission {o a joined
mation node
0x12 - Ox1F Reserved —
0x21 Group ID set-up UlBrand group ID transmission aftefr group ID
response confirmation{changes
Set-up 0x22 - 0x2F Reserved —
Wireless Power |[0x31 Power transfer confirmation of power transfer response
Trangfer response confirmation
0x32 Power trandsfer Confirmation of power transfer exefution com-
execution command |mand
confopPmation
0x33 Pewer level request Confirmation of power transfer reqliest com-
command confirma- |mand
tion
0x34 - 0x3F Reserved —
Resefved 0x41 - OxFF Reserved —
d) Hesponse confirmation block
Hesponse “confirmation block is divided into ARs confirmation, DaRs confirmation, ASRs
donfirmation, DRs confirmation, and GSRs confirmation. The block formats of the response
donfifmation are as follows:

1) Association response confirmation

Specified in ISO/IEC 15149-1:2014, 8.4.4.4

2) Disassociation response confirmation

Specified in ISO/IEC 15149-1:2014, 8.4.4.4

3) Association status response confirmation

Specified in ISO/IEC 15149-1:2014, 8.4.4.4

4) Dataresponse confirmation

© ISO/IEC 2015 - All rights reserved
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Specified in ISO/IEC 15149-1:2014, 8.4.4.4
5) Group ID set-up response confirmation
Specified in ISO/IEC 15149-1:2014, 8.4.4.4

6) Power transfer response confirmation

The block format for power transfer response confirmation is shown in Figure 19. The first 2 bytes
are for the destination node ID; the last 1 byte is for the WPT ID to be assigned to.

Unif: Byte

Nod¢ ID

Assigned WPT ID

Figure 19 — Block format of Power transfer response confirmation

7) Power transfer request command confirmation

The blodk format for power transfer request command confirmation is shown in Figure 20. Th¢ first
2 bytes gre for the destination node ID. Next 1 byte is for the command policy (accept if 0, deny if 1);
the last [l byte is for the WPT ID to be assigned to.

Unif: Byte

Nodg ID

Rolicy

Assigned WPT ID

Figure 20 — Bloek format of Power transfer request command confirmation

8) Powertransfer execution command confirmation

The block format for power transfer execution command confirmation is shown in Figure 21. The
first 2 bytes are for the destination node ID; the last 1 byte is for the received power strength.

Unit: Byte

Node ID

Received power strength

Figure 21 — Block format of Power transfer execute command confirmation
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9) Power transfer execution command confirmation

The block format for power level request command confirmation is shown in Figure 22. The first 2
bytes are for the destination WPT ID; the last 1 byte is for the received power strength.

Unit: Byte
1 1
WPT ID Current Power Level
Figure 22 — Block format of power level request command confirmation|
9.2.4{5 Command frame
The Hlock format of command frame is shown in Figure 23. The first 8 bytes are for the UIl}, next 1 byte
is for|the command code. Following L bytes are for the command block.
Unit: Byte
8 1 L
UID Command code Command block

Figure 23 — Payload format of command frame

a) UID
UID field has 8 bytes in lengths:
b) (Jommand code
(Jommand code defines the usage of command blocks. Only the code values for WPT are defined at
this point in time; ‘ether values are reserved for up to 30 functions to be included in th¢ future.
Table 6 — Command code of command frame payload
(Jategory Command code Content Remarks
Power transfer |0x01 Power transfer Request of wireless power transfer from node in
request command invigoration
0x02 Power transfer execu- |Execution of wireless power transfer from coor-
tion command dinator
0x03 Power transfer per- Permission of transfer packet in spontaneous
mission command period
0x04 Power level request Request for power level status of node
command
0x05 - 0xOF Reserved —
reserved 0x10 - OxFF Reserved —

© ISO/IEC 2015 - All rights reserved
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c¢) Command block

The format of command block is varied according to the command code used. Only one command
block may be appropriately used: either a request or confirmation block. The details of each
command block is as follows:

1) Power transfer request command

Power transfer request command block is composed of 2 bytes. First 1 byte is for the power level,
and the following 1 byte is for the time. The block format is shown in Figure 24.

Unit: Byte

Powgr Level Time

Figure 24 — Block format of power transfer request command

2) Power transfer execution command

Power tfansfer execution command block is composed of 2 byte; it has information of the| time
length of WPT. The block format is shown in Figure 25.

Unif: Byte

Length of Power transfer time(ms) Strength of WPT

Figure 25 — Block format of power transfer execution command

3 PO‘A Artrancfam Ayl cci i s o
WTtrattSTCT peT I SSTUTT COTIITTa e

The block for power transfer permission command is omitted; it is identifiable from the header by
putting appropriate value for its type.

4) Power level request command

The block for power level request command is composed of 1 byte. It is identifiable from the header,
but specifies its destination by putting WPT ID. The block format is shown in Figure 26.
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