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Description

Title of Invention: MANAGEMENT PROTOCOL OF WIRELESS

[1]

[2]

[3]

[4]

[5]

[6]

[7]

POWER TRANSFER FOR MULTI-DEVICES
Technical Field

This standard defines the interface for wireless power transfer to multiple devices
(including one device) that require charging within several meters. In order to provide
WPT for multi-devices, functionalities, system structure, primitives, frame format, and

procedures are defined.

Background Art

A wireless charging system using a magnetic induction phenomenon as wireless
power transmission technologies wirelessly transmitting energy has been used.

For example, an electric toothbrush, a cordless razor, or the like, is charged by a
principle of electromagnetic induction. In recent years, wireless charging products
capable of charging portable devices such as mobile phones, PDAs, MP3 players,
notebook computers, or the like, using the electromagnetic induction have been
released.

However, the magnetic induction scheme inducing current through magnetic field
from a single coil to another coil is very sensitive to a distance between the coils and a
relative position of the coils to sharply degrade transmission efficiency even when the
distance between two coils are slightly spaced or twisted from each other. Therefore,
the wireless charging system according to the magnetic induction scheme may be used
only in a short range of several centimeters or less.

Meanwhile, US Patent No. 7,741,734 discloses a method of wireless non-radiative
energy transfer using coupling of resonant-field evanescent tails. The basis of this
technique is that two same-frequency resonant objects tend to couple, while interacting
weakly with other off-resonant environmental objects, which makes it possible to

transfer energy farther away compared to the prior art magnetic induction scheme.
Disclosure of Invention

Technical Problem

There are the complexity and inconvenience of wire cable chargers by transferring
power wirelessly.
Solution to Problem

This standard defines the interface for wireless power transfer to multiple devices
(including one device) that require charging within several meters. In order to provide
WPT for multi-devices, functionalities, system structure, primitives, frame format, and

procedures are defined.
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This standard selectively utilizes various frequency bandwidths ranging from the low
frequency of 50 kHz to the high frequency of 15 MHz for wireless power transfer. For
system control, it requires supports of the signalling by which data and control signals

can be exchanged.
This standard can be applied to a multimedia industrial field for use of batteries such

as mobile terminals, laptops, portable multimedia players, etc.
Advantageous Effects of Invention

This technology can be applied to the following industry fields that require batteries.

* Mobile terminals: Charging services can be provided to mobile terminals anytime
and anywhere.

* Home appliances: To make complicated cable wiring simple and convenient, use of
this technology can give simple wiring and compact furniture arrangement features.

* Electric vehicles: This technology enables the users to evade from the danger due
to high voltage charging by providing efficient and convenient charging services on the
single standard basis.

* Medical devices: Use of this technology enables patients to have transplant devices
with secure and various features.

Brief Description of Drawings

Figure 1 Concept Diagram of MWPTS

Figure 2 Concept Diagram of MWPTS Services

Figure 3 Physical and Spatial Elements

Figure 4 General Procedure for TDMA-based MWPTS

Figure 5 Hierarchical View of Wireless Power Transfer System

Figure 6 MWPTS-D Recognition/Authentication and Charging Zone/Communication
Zone

Figure 7 Simultaneous Power Transfer

Figure 8 Time-division Power Transfer

Figure 9 Foreign Material Removal

Figure 10 New MWPTS-D Appearance and Existing MWPTS-D Disappearance

Figure 11 Full Charge of Existing MWPTS-D

Figure 12 Power Transfer Termination

Figure 13 Power Transfer between Devices

Figure 14 Battery Discharge Rate Change Notification
Best Mode for Carrying out the Invention

1. Scope

This standard defines the interface for wireless power transfer to multiple devices

(including one device) that require charging within several meters. In order to provide
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WPT for multi-devices, functionalities, system structure, primitives, frame format, and
procedures are defined.

This standard selectively utilizes various frequency bandwidths ranging from the low
frequency of 50 kHz to the high frequency of 15 MHz for wireless power transfer. For
system control, it requires supports of the signalling by which data and control signals
can be exchanged.

This standard can be applied to a multimedia industrial field for use of batteries such
as mobile terminals, laptops, portable multimedia players, etc.

3.2. Abbreviations

For the purposes of this document, the following abbreviations apply:

MWPTS Multi-device Wireless Power Transfer System

MWPTS-C Multi-device Wireless Power Transfer System-Charger

MWPTS-D Multi-device Wireless Power Transfer System-Device

4. Overview

Wireless power transfer (WPT) is the mechanism in which power is transferred from
a source to either a destination or destinations. WPT system consists of two
components: a charger which transfers power, and a device which receives the power
from a charger. Multi-Device WPT System (MWPTS) is the system in which one
charger MWPTS-C) provides WPT to one or multiple devices (MWPTS-Ds). In order
to effectively transfer power to multiple MWPTS-D (or for effective power transfer
control), the system shall have an interface to manage the MWPTS network that
became more complicated than the 1:1 MWPTS. After catching the current MWPTS
status based on the power transfer data, MWPTS-C performs various procedures such
as ID recognition, and authentication. Moreover, an optimal power transfer mode is
selected for best transfer efficiency. It shall include the procedures and interfaces for
emergency control and management such as counter actions to sudden MWPTS-D dis-
appearance or detection.

Figure 1 Concept Diagram of MWPTS

This technology can be applied to the following industry fields that require batteries.

n Mobile terminals: Charging services can be provided to mobile terminals anytime
and anywhere.

n Home appliances: To make complicated cable wiring simple and convenient, use of
this technology can give simple wiring and compact furniture arrangement features.

n Electric vehicles: This technology enables the users to evade from the danger due
to high voltage charging by providing efficient and convenient charging services on the
single standard basis.

n Medical devices: Use of this technology enables patients to have transplant devices
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with secure and various features.

Figure 2 Concept Diagram of MWPTS Services

In order to transfer wireless power to multiple devices, MWPTS-C performs the
MWPTS function on the time-division scheduling basis. For wireless power transfer
environment control, it also manages connection, separation, and release of MWPTS-
D.

It provides MWPTS ranging from several watts to several hundred watts within a
near field or several meters. It shall provide an enough efficiency level for the MWPTS
in a short distance for each MWPTS-D product.

For efficient wireless power transfer and interoperability, each user can select any of
various frequency bands.

In order to efficiently provide WPT services to multiple devices, a signalling system
is required for exchange of power transfer data and control signals.

5. Functionalities

5.1. General

In order to transfer wireless power to multiple MWPTS-Ds, the MWPTS-D
recognition and authentication procedure are required to determine each MWPTS-D
identified by MWPTS-C is eligible for MWPTS service.

In order to provide fast power transfer service to multiple MWPTS-Ds, firstly basic
data for MWPTS-D recognition/authentication is exchanged when the receiver is
within the communication zone for wireless power transfer preparation. When a ready
MWPTS-D comes within the charging zone, wireless power transfer is performed.
This action can save the preparation time for fast service.

For efficient MWPTS service, the system can provide two different modes: 1. si-
multaneous power transfer mode that transfers wireless power to all devices within the
charging zone at the same time. 2. time-division power transfer mode that transfers
power to individual receivers in different divided times prioritized by the residual
battery level or user dependent data.

When all receivers are fully charged, the power transfer ends or user can arbitrarily
stop the service.

Because wireless power transfer is performed for multiple power receivers, abnormal
situations can occur frequently. For effective counter actions, when any abnormal
situation occurs on the network, the MWPTS-C recognizes it, stops the service before
resolving the case, and informs the users of that situation.

5.2. MWPTS Recognition and Authentication

MWPTS-C periodically transmits the connection request signals and the MWPTS-Ds
that have received the signals, response with their own IDs. Then MWPTS-C de-

termines whether the MWPTS-Ds are candidates for wireless power transfer based on
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the received IDs. If they are service targets, MWPTS-C requests for wireless power
transfer data. For non-service candidate, MWPTS-C informs that no service is to be
provided.

[61] 5.3. MWPTS Modes

[62] 5.3.1. General

[63] MWPTS Modes are divided into two: simultaneous power transfer mode and time-
division power transfer mode. In every mode, MWPTS-C collects the charging data
(residual battery level, battery discharge rate, received signal power level, voltage/
current sensing data, etc.) from MWPTS-Ds through current/voltage sensing and com-
munication. In addition, it performs charging frequency band selection, impedance
matching, output power level adjustment, and the actions to provide the high efficiency
wireless power transfer service to the corresponding MWPTS-D.

[64] 5.3.2. Simultaneous Power Transfer Mode

[65] After MWPTS-D recognition and data exchange for power transfer are completed,
the wireless power transfer service starts. During the wireless power transfer service,
the simultaneous power transfer mode transfers power to all MWPTS-Ds within the
charging zone at the same time. To increase the wireless power transfer efficiency
before the power transfer, MWPTS-C adjusts the matching based on the impedance
value calculated after sensing the antenna voltage and current. For fine tuning, the ef-
ficiency is calculated after receiving the reception power level information from the
MWPTS-D. When the charging control is finished, wireless power transfer is simul-
taneously performed for all MWPTS-Ds. This is continually performed until wireless
power transfer is completed.

[66] 5.3.3. Time-division Power Transfer Mode

[67] After MWPTS-D recognition and data exchange for power transfer are completed,
the wireless power transfer service starts. During the wireless power transfer service,
the time-division power transfer mode grants priorities for all service waiting
MWPTS-Ds and allocates divided times to the receivers for individual power transfer
according to the given priorities. Wireless power transfer service is provided only for
the time allocated to each MWPTS-D. When the service for all MWPTS-Ds is

completed, the service ends.

[68] 5.4. Abnormal Situations Management
[69] 5.4.1. General
[70] During the wireless power transfer service, if any abnormal situation happens, the

service stops and the corresponding solution is performed. Abnormal situations can
include unexpected materials detection, new MWPTS-D appearance, the existing
MWPTS-D disappearance, and stopping the service after the full charge of an
MWPTS-D. For all abnormal situations, MWPTS-C senses the change of voltage,



WO 2014/065442 PCT/KR2012/008650

[71]
[72]

[73]
[74]

[75]
[76]

[77]
[78]

[79]
[80]

[81]
[82]
[83]

[84]

[85]

6

current, and impedance at the antenna, recognizes the situation details, and performs
the actions for each situation.

5.4.2. Unexpected Material Detection

When any unexpected material that can change the efficiency of wireless power
transfer is detected, MWPTS-C recognizes it and informs the user of the status as an
alarm format.

5.4.3. New MWPTS-D Appearance and Existing MWPTS-D Disappearance

When a new MWPTS-D appears or an existing MWPTS-D disappears, MWPTS-C
stops the current power transfer service, and it performs the impedance matching to
collect the status information and maximize the efficiency of MWPTS. After
correcting the matching MWPTS service is started again.

5.4.4. Full Charge of Existing MWPTS-D

When an MWPTS-D that is receiving the power transfer service is fully charged, the
service is stopped and the MWPTS-D informs MWPTS-C of its full charge. When
MWPTS-C receives the full charge information, it restarts transferring wireless power
to other MWPTS-Ds except the fully charged MWPTS-D.

5.5. MWPTS Termination

MWPTS can end when no MWPTS-D exists waiting for the wireless power transfer
service and when the user wants to stop the service. In this case, the current wireless
power transfer service stops and MWPTS-C is switched to the standby mode.

5.6. Wireless Power Transfer between MWPTS-Ds

If no MWPTS-C exists in the region or an MWPTS-D is not within the charging
zone, an MWPTS-D can request wireless power transfer to a MWPTS-D in the
neighborhood. The MWPTS-D that received signal can transfer wireless power to the
requester according to the user selection.

6. MWPTS Management

6.1. General

MWPTS is divided into three: physical element, spatial element, and time element.
The physical element consists of MWPTS-C and MWPTS-D, the spatial element
consists of the charging zone and communication zone, and the time element means
the time units based on the time-division for wireless power transfer.

The physical element of MWPTS means an MWPTS-C and MWPTS-Ds on the
MWPTS-C centered star topology. On the MWPTS network, the centered MWPTS-C
can exchange data with each MWPTS-D and transfer wireless power to MWPTS-Ds.
MWPTS-C manages the entire MWPTS network and only one MWPTS-C exsists on
the network. For the physical element, see Figure 3.

For effective MWPTS-Ds control within the MWPTS network, available MWPTS-

Ds must be identified and authenticated and the data for wireless power transfer must
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be exchanged in advance as a preparation step. Accordingly, a virtual space including
the charging zone and communication zone exists. An MWPTS-C starts to manage
multiple MWPTS-Ds, among which the MWPTS-C transfers wireless power to the
MWPTS-Ds that belongs to the charging zone. In case of the MWPTS using the in-
band wireless communication, the communication range cannot reach a far distance so
efficient charging zone and communication zone should be formed. However, in mis-
cellaneous communication methods, the supportable sizes of the communication zone
may vary so the number of MWPTS-Ds to consider can increase. To prevent this,
MWPTS-C may require adjusting the output powers for miscellaneous communication
methods.

Figure 3 Physical and Spatial Elements

The MWPTS network operates based on the TDMA (Time Division Multiple
Access) communication method and it is managed by MWPTS-C. In addition power is
distributed by the request of MWPTS-Ds and decision of MWPTS-C. Furthermore,
various procedures including recognition, authentication, analysis, and termination are
performed using the TDMA approach to transfer power to multiple devices.

Figure 4 General Procedure for TDMA-based MWPTS

6.2. WPT Flow Charts

TBD

6.2.1. WPT TX Flow Charts

TBD

6.2.2. WPT RX Flow Charts

TBD

6.3. MWPTS System Structure

6.3.1. System Structure

In order to transfer wireless power to multiple devices, communication and charging
must be considered. Those actions are mainly performed based on the scheduling in-
formation. The wireless power transfer system has the following hierarchical layers:

Figure 5 Hierarchical View of Wireless Power Transfer System

The application block performs the entire system operation and management for
wireless power transfer to multiple devices. For this purpose, required data can be
exchanged between the power transmitter (MWPTS-C) and power receiver
(MWPTS-D). The management block manages the operation of MWPTS-C and
MWPTS-D including the coupler that transfers actual power.

6.3.2. Command Sets for interfacing blocks

TBD

6.4. Primitives between Application Blocks

6.4.1. General
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This standard mainly focuses on the primitives between application blocks, between
management block and application block, between management block and MAC layer,
and between management block and a coupler for managing multi device charging. It
does not handle the primitives exchange for communication-related parts such as

between MAC layer and physical layer and between MAC layers.
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In order to perform the functions defined in Chapter 5, the primitives including
commands and data shall be exchanged between application blocks of MWPTS-C and
MWPTS-D for efficient wireless power transfer. The system management and control
shall be accompanied based on the exchanged parameters. The primitives exchanged

between application blocks are as follows:

6.4.2. MWPTS-D ID Information

6.4.2.1. General

Based on the ID data from MWPTS-D, MWPTS-C determines whether the power
receiver is eligible or not for the service. The definition of the primitive is as follows:

ATA-SCAN.request {

Req_join,

Dev_id,

}

6.4.2.2. MWPTS-D ID Request
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6.4.2.2.1. Required Time

It is required when the wireless power transfer system sends the connection requests
to MWPTS-Ds.

6.4.2.2.2. Result

MWPTS-D receives the ID request command from the MWPTS-C.

6.4.2.3. MWPTS-D ID Response

6.4.2.3.1. Required Time

It is required when the response is ready for the ID request from MWPTS-C.

6.4.2.3.2. Result

MWPTS-C receives the ID data from MWPTS-Ds. The data is used for MWPTS-C
to determine whether the corresponding MWPTS-D is eligible for the wireless power

transfer service.

Parameter Type YValue Range Descrnipticn
0 Standby request
Req_jain Biriary Oori
1 Receiver cannection request
Dev_id Mumiber Ox00 ~ OxFF Recewer|D
TBC

6.4.3. Wireless Power Transfer Service Possibility Notification

6.4.3.1. General

MWPTS-C determines whether each MWPTS-D is eligible for wireless power
transfer based on the received ID data and informs all MWPTS-Ds of the result. The
definition of the primitives is as follows:

ATA-Service.inform {

Accept_deny,

Dev_num,

}

6.4.3.2. Required Time

It is required for MWPTS-C to determine whether the service is eligible or not and
informs the corresponding MWPTS-D of the result.

6.4.3.3. Result

It selects eligible MWPTS-Ds for the service and provides the service to those
MWPTS-Ds in the future.

Parameter Type Value Range Description

Accept_deny Binary Dori 0 Ineligible for wireless charging

i Ehgble for wireless charging

Dev_num Number Ox00 ~ OxFF A numberis granted to an eligible
power recetver

TBD

6.4.4. MWPTS-D Information
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[141] 6.4.4.1. General
[142] This primitive is exchanged between MWPTS-C and an MWPTS-D for optimal

power transfer according to the situation. The definition of the primitives is as follows:

[143] ATA-DEV.request {

[144] Frequency,

[145] BattRemain,

[146] BattDischarge,

[147] MaxPwr,

[148] Pwr,

[149]  Type,

[150] RSSI,

[151] }

[152] 6.4.4.2. MWPTS-D Information Request

[153] 6.4.4.2.1. Required Time

[154] Before performing the wireless power transfer, it is required to recognize the wireless
power transfer status.

[155]

[156] 6.4.4.2.2. Result

[157] MWPTS-C acquires the required charging information from all MWPTS-Ds.

[158] 6.4.4.3. MWPTS-D Information Response

[159] 6.4.4.3.1. Required Time

[160] It is required when the MWPTS-D information is ready to send the charging data to

MWPTS-C.
[161] 6.4.4.3.2. Result
[162] MWPTS-C acquires the required charging information from all MWPTS-Ds, and

manages and controls for optimal wireless power transfer.

[163] Parameter Type Value Range Description

In case of the system that uses
multiple wireless power transfer
Freq Mumber 30 kHz t0 300 MMz | frequency bands. the frequency
informatian to be scheduledto use
inthe corresponding power transfer

Residual battery leval ofthe

BattRemain Number 0% 10 100% )
receiver
BattDischarge Number Oto 1000 A The extent of battery discharge
MaxPwr Number -50 1o 100 dBm Receiver s accepiable power level
Pwr Number S50 100 4Bm Received power reception level
. Description to distinguish the
Type Description Receivertype receiver ype
R3S Humber -80 (o 100G dBm Recepton sygnal strength
TBD
[164] 6.4.5. Charging zone/Communication zone Recognition

[165] 6.4.5.1. General
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MWPTS-C determines each MWPTS-D belongs to which zone (charging zone or
communication zone) based on the data sent from MWPTS-Ds, and informs those
MWPTS-Ds of the result. The definition of the primitives is as follows:

ATA-ZONE.inform {

Zone,

}

6.4.5.2. Required Time
It is required for the MWPTS-C management block to determine the zone of each
MWPTS-D and to send the result to the MWPTS-C application block.

6.4.5.3. Result

After determining the zones of all MWPTS-Ds, MWPTS-C prepares wireless power
transfer service for MWPTS-Ds under the charging zone and keeps the standby status
for MWPTS-Ds under the communication zone. When an MWPTS-D under the com-

munication zone reaches the charging zone, the service is prepared.

Parameter Type Vaiue Range Descrphon

i 0 Charging zone
Zone Binary Oor1
1 Commurnication zone

™D

6.4.6. MWPTS Mode Inform

6.4.6.1. General

Based on the collected information from all MWPTS-Ds, MWPTS-C computes and
determines the best charging mode, and informs the selected charging mode to all
MWPTS-Ds. The definition of the primitives is as follows:

ATA-Mode.inform {

CharMode,

}

6.4.6.2. Required Time

It is required when the MWPTS-C application block selects MWPTS mode and
inform the MWPTS-D application block of the selected mode.

6.4.6.3. Result

After the MWPTS-D application block recognizes the MWPTS mode, preparation
for receiving power is possible according to the direction from MWPTS-C.

6.4.7. MWPTS Mode Response

6.4.7.1. Required Time

It is required when the application block of an MWPTS-D receives the MWPTS
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mode from the MWPTS-C application block and informs the MWPTS-C application
block of the response.

[191] 6.4.7.2. Result

[192] After MWPTS-C confirms the response of an MWPTS-D, it starts the specified

wireless power transfer mode.

[193] Parameter Type Value Range Description

Charhiode Number 105 1 Time-division charging mode

2 Simultaneous charging mode

3105 TRO
TBD

[194] 6.4.8. Scheduling Information

[195] 6.4.8.1. General

[196] It is the information used in the time-division prioritized charging mode. It includes

the wireless power transfer priority and allocated time for each power receiver after

scheduling. The definition of the primitives is as follows:

[197] ATA-SCHEDULING.inform {

[198] Priority,

[199] TimeAmount,

[200] }

[201]

[202] 6.4.8.2. Scheduling Information Notification

[203] 6.4.8.2.1. Required Time

[204] It is required to inform each device of the scheduling information after calculating

the scheduling value in the time-division prioritized charging mode.

[205] 6.4.8.2.2. Result

[206] By informing the priority data, it prevents confusion of the wireless charging and
performs the scheduling.

[207] 6.4.8.3. Scheduling Information Response

[208] 6.4.8.3.1. Required Time

[209] It is required when the response is sent to MWPTS-C after receiving the scheduling
data.

[210] 6.4.8.3.2. Result

[211] MWPTS-C can check the response of MWPTS-D and perform the scheduling-based

wireless power transfer.

[212] Parameter Type Value Range Description
Priority Number 1to 100 Sequence number of each MWPTS-
D
TimeAmount Number 110 100000 sec Time to charge each MWPTS-D
TRD
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[213] 6.4.9. Abnormal Situations Management Information and Commands
[214] 6.4.9.1. General
[215] In case of any abnormal situation, MWPTS-C recognizes it and informs the corre-

sponding MWPTS-D of the situation including the eligible command information. The

definition of the primitives is as follows:

[216] ATA-ABNORMAL.inform {

[217] Abnormal,

[218] CharOfft,

[219] Pwr

[220] }

[221]

[222] 6.4.9.2. Abnormal Situations Management

[223] 6.4.9.2.1. Required Time

[224] It is required when MWPTS-C recognizes a abnormal situation and provide a
solution.

[225]

[226] 6.4.9.2.2. Result

[227] In case of any abnormal situation, MWPTS-C sends information and command to the

MWPTS-D application block for control.

[228] 6.4.9.3. Abnormal Situations Management Response

[229] 6.4.9.3.1. Required Time

[230] It is required when an MWPTS-D provides the observed value and required in-
formation to MWPTS-C to solve an abnormal situation.

[231] 6.4.9.3.2. Result

[232] MWPTS-C gets information from an MWPTS-D to make accurate and quick

decision or action.

[233] Parameter Type Value Range Description
0 Not applicable
Abnormal Binary Dor1
1 Abnormal situation
0. Charging coil Off
CharOff Einary Qor
1 Charging ol O
Prour Number S0t0 100 dBm Racaived power lavel

TBD

[234] 6.4.10. MWPTS-D Full Charge Notification

[235] 6.4.10.1. General

[236] When an MWPTS-D is fully charged, MWPTS-D notifies MWPTS-C of this event.
The definition of the primitives is as follows:

[237] ATA-FULL.inform {

[238] Full,
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6.4.10.2. MWPTS-D Full Charge Notification

6.4.10.2.1. Required Time

It is required when full charge of an MWPTS-D needs to be informed to MWPTS-C.
6.4.10.2.2. Result

After MWPTS-C recognizing this event, it stops the power transfer service for the

MWPTS-D and excludes the MWPTS-D from the service candidates.

6.4.10.3. MWPTS-D Full Charge Notification Response
6.4.10.3.1. Required Time
It is required when an MWPTS-C is ready to send the response packet for full charge

notification.

6.4.10.3.2. Result
It informs the response to the notified MWPTS-D.

Parameter Tvpe Value Range Description

0 Not charged
Full Binary Dor1
1 Full charge

TBD

6.4.11. Power Transfer Termination Notification
6.4.11.1. General

When terminating the wireless power transfer by the request of user, the termination

command is sent to all MWPTS-Ds to terminate the current power transfer service.

The definition of the primitives is as follows:

ATA-END.inform {
End,

}

6.4.11.2. Power Transfer Termination Notification

6.4.11.2.1. Required Time

It is required when terminating the wireless power transfer by the request of user.
6.4.11.2.2. Result

The wireless power transfer is stopped.

6.4.11.3. Power Transfer Termination Reception Response

6.4.11.3.1. Required Time

It is required when sending the response after an MWPTS-D receives the wireless

power transfer termination notification.

6.4.11.3.2. Result
It checks whether the MWPTS-D has received the power transfer stop event or not.
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Parameter Type Value Range Descrption

0. Complete
End Einary Qor1 B
1 Continuous

mwmb

6.5. Primitives between Application and Management Blocks at MWPTS-C

6.5.1. Genaral

MWPTS-C application block performs management and control to efficiently
provide wireless power transfer to multiple devices with information received from
MWPTS-Ds. For MWPTS-C management and control, the application block performs
various actions together with the management block.

6.5.2. Checking ID

The MWPTS-C application block sends the received MWPTS-D ID information to
the MWPTS-C management block. After checking the corresponding device is eligible
to receive the wireless power transfer service, it is informed to the application block
with the required information. The definition of the primitives is as follows:

CATM-QUALIFICATION.request {

Req_qualification,

Dev_id,

Rsp_qualification,

}

6.5.2.1. ID Checking Request

6.5.2.1.1. Required Time

After receiving the ID information of an MWPTS-D from the MWPTS-D application
block, the MWPTS-C application block determines whether or not to provide the
service.

6.5.2.1.2. Result

After receiving the ID information of all MWPTS-Ds from the MWPTS-C ap-
plication block, the MWPTS-C management block determines whether or not to
receive the service.

6.5.2.2. ID Checking Response

6.5.2.2.1. Required Time

It is required when the MWPTS-C management block determines all MWPTS-Ds are
eligible for the service based on the ID information received from the MWPTS-C ap-
plication block and informs the application block of the information.

6.5.2.2.2. Result

It sends qualification of all MWPTS-Ds for WPT to the MWPTS-C application
block.
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Parameter Type Yalue Range Descripticn

) . 1
Req_qualification Description Request for qualificaton | Request for qualfication 1o recerve

o receive the service the service
Dev rum Number 0%001t0 OxEF A number 15 granted to an eligible
powerrecever
) 0 Elgibie
Rsp_qgualification Binary Oor1 o
1 Ineligible

TBD

6.5.3. Charging Zone/Communication Zone Recognition

6.5.3.1. General

When the MWPTS-C application block sends the received signal strength in-
formation received from the MWPTS-D application block to the MWPTS-C
management block, the MWPTS-C management block determines to which zone
(charging zone/communication zone) the MWPTS-D belongs. It includes the related
information. The definition of the primitives is as follows:

CATM-ZONE.inform {

Req_Zone,

RSSI,

Rsp_Zone

}

6.5.3.2. Charging Zone/Communication Zone Recognition Request

6.5.3.2.1. Required Time

It is required when determining the location of MWPTS-D with the MWPTS-C ap-
plication block providing the signal reception strength to the MWPTS-C management
block,

6.5.3.2.2. Result

The MWPTS-C management block determines each MWPTS-D belongs to which
zone (charging zone/communication zone) based on the received data.

6.5.3.3. Charging Zone/Communication Zone Recognition Response

6.5.3.3.1. Required Time

It is required when the MWPTS-C management block sends the zone information to
the MWPTS-C application block after completing the zone recognition of each
MWPTS-D.

6.5.3.3.2. Result

When the zone recognition information is sent to the MWPTS-C application block,
the MWPTS-C application block notifies all MWPTS-D application blocks of the
location recognition result and prepares the service for the MWPTS-Ds under the

charging zone.
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Parameter Type Value Range Descnption
Heq_rone Description Zone recognitian request Charglnt__] zoneLommunication zone
- - recogiition request
RSSI Mumber -§0to 100 dBm Reception signal strength
0 Chargingzone
Rsp_zone Binary Gor1 o
1 Communication zone
TBD

6.5.4. Wireless Power Transfer Frequency Control

6.5.4.1. General

In case of MWPTS-C that can support multiple wireless power transfer frequency
bands, when a chargeable frequency is received from an MWPTS-D, the frequency in-
formation includes parameters for coupler setting creation and control for the
management block. The definition of the primitives is as follows:

CATM-FREQ.control {

Dev_num,

Req_FreqControl,
}

6.5.4.2. Required Time

It is required when frequency change has to be followed before performing wireless
power transfer.

6.5.4.3. Result

It notifies the management block of the corresponding frequency and the

management block controls the coupler to perform wireless power transfer for the

frequency.
Parameter Type Vallue Range Description
Deyv_num Number 0x00to OxFF Eligible receiver number
A | Information of the frequency that a
Req FregControl Number 30KkHz to 300 MHz receiver can support
8D

6.5.5. Coupler Control and Command

6.5.5.1. General

In order to provide wireless power transfer to multiple devices with the consideration
of the situation, it is required to control the coupler of MWPTS-C for receiving power
at an optimal efficiency. For this purpose, it should include required information. The
definition of the primitives is as follows:

CATM-COUPLER.control {

Dev_num,

Req_FreqControl,
}
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[332]
[333] 6.5.5.2. Required Time
[334] It is required when transferring power at a best efficiency after recognizing wireless

communication status of the current MWPTS-D or all MWPTS-Ds.

[335] 6.5.5.3. Result

[336] When the required status information is sent to the management block for the current
coupler control, the management block generates the parameters to control the coupler

based on the given information.

[337] Parameter Type Value Range Description
Dey_num Number Ox00to OxFE Eligible recerver number
Req_FregControl Number 30kHz 10 300 MHz | Information of the frequency hat a
receiver can support
TBD

[338] 6.5.6. Output Power Level Control

[339] 6.5.6.1. General

[340] In order not to violate the regulation and not to damage MWPTS-Ds, the output
power of MWPTS-C shall be controlled so the required information for power control
shall be included considering the power level depending on the MWPTS-D type. The

definition of the primitives is as follows:

[341] CATM-POWER.control {

[342] Dev_num,

[343] Req_PwrControl,

[344] }

[345]

[346] 6.5.6.2. Required Time

[347] It is required when controlling the output power of MWPTS-C considering the

charging status such as MWPTS-D type, location, alignment, regulations, etc.

[348] 6.5.6.3. Result

[349] The management block calculates the output power based on the charging status in-
formation received from the application block and informs the coupler to perform

power control.

[350] Farameter Tvpe Wajue Range Descriplion
Dev_num Number 0x00to0 OxFF Eligible recerver number
- : :
Req PwrConltro! Number -530 0 100 dBm sgiif“on level of the received test
Tan

[351] 6.5.7. Scheduling Information
[352] 6.5.7.1. General
[353] When the residual battery levels and battery discharge rates of all power receivers are

received from the application blocks, the management block calculates parameters for
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scheduling based on the received data, and the scheduling result is sent to the ap-
plication block. The definition of the primitives is as follows:

CATM-SCHEDULING.request {

Dev_num,

BattRemain,

BattDischarge,

Priority,

TimeAmount,

}

6.5.7.2. Request for Scheduling

6.5.7.2.1. Required Time

It is required when determining the sequences and times allocated for multiple
devices in the time-division charging mode before the service starts.

6.5.7.2.2. Result

The management block derives the parameters for scheduling by performing the
scheduling algorithm based on the residual battery level and discharge rate.

6.5.7.3. Scheduling Response

6.5.7.3.1. Required Time

It is required when replying with the scheduling result to the application block after
the management block performs scheduling based on the scheduling request from the
application block.

6.5.7.3.2. Result

It sends the scheduling result to the application block, which informs the result to all
MWPTS-Ds to control the coupling of MWPTS-C according to the algorithm.

Parameter Type YValue Range Description

Dev_Num Number 0x00ta OxFF MWPTS.0 number

BattRemain Number 0% to 100% Residual  baltery level of 1he
recetver

BattDischarge Number 0% to 1000% The extent of battery discharge

Priomty Number 110 100 Bequence number of each MWPTS-

TimeAmount Number 1o 100000 sec Cha{ging tme  allocated 1o the
receiver

6D

6.5.8. MWPTS-C Current/Voltage Sensing
6.5.8.1. General
MWPTS-C requires the current and voltage sensing information for power level

control and impedance matching. The definition of the primitives is as follows:
CATM-SENSING.request {
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[377] Imp_change,
[378] Current,
[379] Voltage,
[380] Impedance,
[381] Change_inform,
[382] }
[383]
[384] 6.5.8.2. MWPTS-C Current/Voltage Sensing Request
[385] 6.5.8.2.1. Required Time
[386] The current and voltage values are always sensed during wireless power transfer to
MWPTS-Ds.
[387] 6.5.8.2.2. Result
[388] The sensing values helps MWPTS-C recognize unexpected occurrences, control the
output power level, and perform the impedance matching.
[389] 6.5.8.3. MWPTS-C Current/Voltage Sensing Response
[390] 6.5.8.3.1. Required Time
[391] It is required when the management block informs the application block of the
measured value and calculated impedance value whose variations are greater than a
certain threshold value.
[392] 6.5.8.3.2. Result
[393] The application bock performs abnormal situation management, output power level
control, and impedance matching based on the values of the calculated impedance and
current/ voltage received from the management block.
[394] Parareter Type Value Range Description
Imp_change Number 010 10000 Ohm | caleulived bﬁhe AL plte
and voltage
Cuirent Number 0to 1000 A heasured current
Voltage Nurmber 0to 10000 V Measured voliage
Impedance Mumber 016 10000 Ohm Calculatedimpedance
Changs_norn | Descrption vanaton gﬁj{;”;;’;f; “nan the. refersnce
TBD
[395] 6.5.9. MWPTS-D Full Charge
[396] 6.5.9.1. Genaral
[397] When an MWPTS-D informs MWPTS-C of full charge, MWPTS-C stops wireless
power transfer and it prepares for wireless power transfer to other MWPTS-Ds. The
definition of the primitives is as follows:
[398] CATM-Full.control {

[399]

Dev_Num,
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[400] Req_FullControl
[401] }
[402]
[403] 6.5.9.2. Required Time
[404] It is required when a full charge event has been sent from the MWPTS-D application
block to the MWPTS-C application block.
[405] 6.5.9.3. Result
[406] The MWPTS-C application block requests the wireless power transfer termination
due to full charge to the MWPTS-C management block.
[407] Parameter Type Value Range Description
Dev_num Number 0x00to OxFF KMWPTS-D number
f Irtss ot ot tomiton
TBD
[408] 6.5.10. Wireless Power Transfer Termination
[409] 6.5.10.1. General
[410] When wireless power transfer termination request is received from a user, the
MWPTS-C application block stops the current service. The required information for
termination is included. The definition of the primitives is as follows:
[411] CATM-Full.control {
[412] Req_EndControl
[413] }
[414]
[415] 6.5.10.2. Required Time
[416] It is required when the MWPTS-C application block receives the wireless power
transfer termination request from a user.
[417] 6.5.10.3. Result
[418] The MWPTS-C application block requests wireless power transfer termination to the
MWPTS-C management block.
[419] Parameter Type Value Range Description
Req EndControl Binary dor 1 0 Keep e current siaris
1: Terminabon
TBO
[420] 6.6. Primitives between Management Block and MAC Layer at MWPTS-C
[421] 6.6.1. General
[422] The management block of MWPTS-C communicates with the MAC layer to support

data exchange between application blocks of both MWPTS-C and MWPTS-D. The
management block has the look-up table in which the MWPTS-D address of ap-

plication block maps to its MAC address. In addition, the management block sends the
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frame type information to the MAC layer in order to create the proper frame in the
MAC layer. The contents exchanged between the management block and MAC layer
are as follows:

6.6.2. MWPTS-D ID Information

The management block sends the MAC address (received MWPTS-D ID from the
application block) and type information (for MWPTS-D ID request) to the MAC layer
so that it creates the proper packets according to the received type and send the packets
to the MWPTS-D. The definition of the primitives is as follows:

CMTM-SCAN.request {

Cmd_type,

SrcMAC _id,

DstMAC _id,

Req_join,

Dev_id,

}

6.6.2.1. MWPTS-D ID Information Request

6.6.2.1.1. Required Time

It is required when the MWPTS-C management block receives the parameters for
join request from the MWPTS-C application block.

6.6.2.1.2. Result

The MAC layer of MWPTS-C sends the ID information request command to the
MWPTS-D through the physical layer.

6.6.2.2. MWPTS-D ID Information Reception

6.6.2.2.1. Required Time

It is required for MWPTS-C to send the ID information received from the MWPTS-
D to the application block through the MWPTS-C management block.

6.6.2.2.2. Result

The MWPTS-C management block sends the MWPTS-D ID information to the ap-
plication block. The information is used for MWPTS-C to determine whether the

MWPTS-D is eligible for the wireless power transfer service.
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Parameter Type Value Range Descriptian
0x00 Reguest
0x01 Response
Cmd_type Number 0x00to OxOF 0x02 Data

0x03 Check
Ox04 10 OxOF TBD

Manufacmrer s

SrehaC_id Number WRAVBETS-C RlAT 10

code
DStVAC_d Nurmber Marufacurers MAC 1D of the target MWPTS.D
_ 0 Standby request
Req_join Binary Oor1
T AWETS-0 join request
Dev id Number 0x00 to OxFF MWPETS-DID
Ten

6.6.3. Wireless Power Transfer Serviceability Notification
6.6.3.1. General
The management block receives the MWPTS-D ID and eligibility information from

the MWPTS-C application block, and notifies the MWPTS-D of them. The definition

of the primitives is as follows:

CMTM-Service.inform {
Cmd_type,

SrcMAC _id,
DstMAC_id,
Accept_deny,

Dev_num,

}

6.6.3.2. Required Time
It is required when the MWPTS-C application block has sent the MWPTS-D ID and

eligibility information to the management block.

6.6.3.3. Result
The MWPTS-C MAC layer sends the received parameters to the MWPTS-D through

the physical layer.
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Parameter Type Value Range Description

0x00° Request

0x01 Response
Cmd_type Number 0x00ta OxOF 0x02 Data

0x03 Check

Ox04 to OxOF TED
SrcMAC 1d Number Manufacturer s MWPTS-C MAC 1D

code

Manufacturer's

DstMAC _id Number code MAC 10 of the target MYWPTS.D
0 Inehgeble for wireless charging
Accepl_deny Binary Jor 1 ) ) )
1 Eligtble for wireless charging
Dev num NuUmber 0x00to OXFF A number is granted 1o an eligible
- powerfeceiver
TBD

[460] 6.6.4. MWPTS-D Information

[461] 6.6.4.1. General

[462] It is the primitive that the MWPTS-C management block exchanges for wireless
power transfer status recognition of MWPTS-Ds using the MAC layer to recognize

wireless power transfer status. The definition of the primitives is as follows:

[463]

[464] CMTM-DEV.request {

[465] Cmd_type,

[466] SreMAC _id,

[467] DstMAC _id,

[468] Frequency,

[469] BattRemain,

[470] BattDischarge,

[471] MaxPwr,

[472] Pwr,

[473] Type,

[474] RSSI,

[475] }

[476]

[477] 6.6.4.2. MWPTS-D Information Request
[478] 6.6.4.2.1. Required Time

[479] Before performing the wireless power transfer, it is required when the MWPTS-C ap-

plication block has sent the information for wireless power transfer status request to
the management block.

[480] 6.6.4.2.2. Result

[481] The MWPTS-C MAC layer sends the wireless power transfer status request to the
MWPTS-D through the physical layer.
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[482] 6.6.4.3. MWPTS-D Information Response

[483] 6.6.4.3.1. Required Time

[484] It is required when the MWPTS-C MAC layer sends the received MWPTS-D in-
formation to the management block.

[485] 6.6.4.3.2. Result

[486] The MWPTS-C management block sends the received charging information to the
MWPTS-C application block.

[487] Parameter Type Yalue Range Description
0x00 Reqguest
0x01 Response
Cmd_type Number 0x00to OxOF 0xDZ Data
0x03 Check
0x04 to Ox0F TBD
SreMAC_id Number E‘fﬁ;g”*‘c“‘fer's MWETS-C MAC 1D
DStMAC_1d Number Manufacuurer s MAC ID of the target MWPTS D
In case of the system hat uses
multiple  wireless power transfer
Freq Number BkHz 0 300 Mz | e e schaculed o e
in  the corresponding power
transfer
RattRemain Number Oto 100% Hesidual batiery fevel of the
BattDischarge Number Oto 1000 A The extent of battery discharge
Max P Number -5010 100 dEm Receiver s acceptable power level
Py Number S50 0 100 dBm Recetved power reception level
Type Descrption Receivertype rﬁaleiélcv”gr“tige to distinguisht  the
R3S Number -80to 100 dBm Reception signal strength
8D

[488] 6.6.5. Charging Zone/Communication Zone Recognition Method

[489] 6.6.5.1. General

[490] The MWPTS-C management block sends the zone information of the MWPTS-D
(charging zone or communication zone) to the MWPTS-D through the MAC layer.

The definition of the primitives is as follows:

[491] CMTM-ZONE.inform {

[492] Cmd_type,

[493] SreMAC _id,

[494] DstMAC _id,

[495] Zone,

[496] }

[497]

[498] 6.6.5.2. Required Time

[499] It is required when the MWPTS-C management block has received the request of the
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zone information of all MWPTS-Ds from the application block.

[500] 6.6.5.3. Result

[501] The MWPTS-C MAC layer sends the zone information (communication or charging
zone) request to all MWPTS-Ds through the physical layer.

[502] Parameter Type Vaiue Range Description
0x00 Request

0x01 Response
Cmd_type Number 0x0Cto OxOF 0x02 Data

0x03 Check
0x04 to Ox0F TAD

Manufacturer' s

SrchMAC _id Number code WAWPTS-C MAC 1D

DSIMAC_id Number Manufachirer s MAG 1D of the target NWPTS-D
0 Charging zone

Zone Binary Dor1 )
1 Communication zone

TBD

[503] 6.6.6. Power Transfer Mode Notification

[504] 6.6.6.1. General

[505] When the MWPTS-C application block determines the optimal wireless power
transfer mode based on the charging information, the management block sends the
received information to the corresponding MWPTS-Ds through the MAC layer. The

definition of the primitives is as follows:

[506] CMTM-MODE.inform {

[507] Cmd_type,

[508] SreMAC _id,

[509] DstMAC _id,

[510] CharMode,

[511] }

[512]

[513] 6.6.6.2. Required Time

[514] It is required when the MWPTS-C management block sends the wireless power

transfer mode received from the application block to the target MWPTS-D through the
MAC layer.

[515] 6.6.6.3. Result

[516] The MWPTS-C MAC layer sends the charging mode to the desired MWPTS-D
through the physical layer.

[517] 6.6.7. Power Transfer Mode Reception Response

[518] 6.6.7.1. Required Time

[519] It is required when the MAC layer that has received the charging mode reception

response, and informs the management block of the response.
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[520]
[521]

[522]

[523]
[524]
[525]

[526
[527
[528
[529
[530
[531
[532
[533
[534
[535
[536
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[539]
[540]
[541]

[542]
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6.6.7.2. Result
The MWPTS-C management block that has received the reception confirmation,

sends the related information to the application block.

Parameter Type Value Range Description

0x00 Request
Ox01 Response

Cmd_type Muntber Ox00 10 0xDF 0x02 Data

0x3 Check

0x04 to 0x0F TBD
S1cMAC_id Number Manufacturer s MWPTS.C MAC 1D
DSIMAC_id Number Manufacrer's WMAG 1D of the target MWPTS-D

1 Time-division charging mode
Charhode Number 05 2 Simultaneous charging mode
Stos TBD

e

6.6.8. Scheduling Information

6.6.8.1. General

In the time-division priority charging mode, the MWPTS-C management block sends
the received scheduling information to the MAC layer to send it to the target MWPTS-
D. The definition of the primitives is as follows:

CMTM-SCHEDULING.inform {

Cmd_type,

SrcMAC _id,

DstMAC _id,

Priority,

TimeAmount,

}

6.6.8.2. Scheduling Information Notification

6.6.8.2.1. Required Time

It is required when the MWPTS-C management block sends the received scheduling
information to the MAC layer.

6.6.8.2.2. Result

The MAC layer that has received the scheduling information sends the corresponding
information to MWPTS-Ds through the physical layer.

6.6.8.3. Scheduling Information Response

6.6.8.3.1. Required Time

It is required when the MWPTS-C MAC layer sends the received scheduling
reception information from an MWPTS-D to the management block.

6.6.8.3.2. Result
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The MWPTS-C management block sends the received response information to the
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application block.
Parameter Type Value Range Description

Dx(0 Reguest
Dx01 Responsea

Crnd type Number 0x00to OxOF 0x02 Data
0x03 Check
Dxidto OxQF TBD

SrehMACid Number 'éj;r;”fa"“er 5 MWPTS-C MAC 1D

DSMAC ¢ Number Ej}ad'g'facm’er 5 MAC 1D of the target MWPTS-0
Sequence  number  of  each

0

Pronty Number 1to 100 MWETS- O

TimeAmount Number 10 100000 sec Timeto charge each MWPTS-D

B0

6.6.9. Abnormal Situation Management Information and Command
6.6.9.1. General

In case of any abnormal situation, the management block that has received the related

information from the application block, informs the related MWPTS-D of it through
the MAC layer. The definition of the primitives is as follows:

CMTM-ABNORMAL.inform {
Cmd_mode,

SrcMAC _id,

DstMAC_id,

Abnormal,

CharOff,

Pwr

}

6.6.9.2. Abnormal Situation Management Information and Command Provision
6.6.9.2.1. Required Time
It is required when the MWPTS-C application block sends the received abnormal

situation information to the MAC layer.

6.6.9.2.2. Result

The MAC layer that has received abnormal situation information sends the related in-

formation to MWPTS-Ds through the physical layer.

6.6.9.3. Abnormal Situation Management Information Response
6.6.9.3.1. Required Time
It is required when the MWPTS-C MAC layer that has received the measured data

and required information from an MWPTS-D, it provides the information to the

management block to resolve the situation.



WO 2014/065442 PCT/KR2012/008650
29
[565] 6.6.9.3.2. Result
[566] The MWPTS-C management block that has received the measured data and required
information of an MWPTS-D, sends the information to the application block.
[567] Parameter Type Value Range Descnption
0x00° Request
Gx01 Response
Cmd_type MNumber Ox00 1o Dx0F Ox02 Data
D03 Check
0x04 1o OxO0F TBD
SrchAC id Number Ef d‘;”f‘qc“”e“ MWPTS-C MAG 1D
DSIAAC id Number Eéa d’:‘fﬂcm rers MAC 1D of the larget MWPTS.D
3 Not applicable
Abnormal Birary Uor o
1 Abnormal situation
0. Chargingcoil Off
CharOff Binary Oor
1" Chargingcoll On
Puwr 5010 100 dBm Seii}%it\:gl?leve\power Received power
TBD
[568] 6.6.10. MWPTS-D Full Charge Notification
[569] 6.6.10.1. General
[570] When an MWPTS-D is fully charged, MWPTS-D notifies MWPTS-C of this event.
The definition of the primitives is as follows:
[571] CMTM-FULL.inform {
[572] Cmd_type,
[573] SrcMAC _id,
[574] DstMAC _id,
[575] Full,
[576] }
[577]
[578] 6.6.10.2. MWPTS-D Full Charge Notification
[579] 6.6.10.2.1. Required Time
[580] It is required when the MWPTS-C MAC layer that has received the full charge of an
MWPTS-D, it informs the management block of the related information.
[581] 6.6.10.2.2. Result
[582] The MWPTS-C management block that has received a full charge event, informs the

application block of the event.
[583]
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Parameter Type Yalue Range Deascription
Ox00 Reguest
0xQ1 Response
Cmd_type Number 0x00to Ox0OF 0x(2 Data
x03 Check
Ox04 to OxOF TED
SrchAC_id Number Manufactrer s MWPTS-C MAC 1D
code
DstMAC id Number rc”gad’;“fac“”e” MAC ID of the target MWPTS.D
0 Not charged
Full Binary Cor
1 Full charge
T80

6.6.11. Power Transfer Termination Notification

6.6.11.1. General

When terminating the wireless power transfer by the request of user, the termination
process is conducted by MWPTS-C. The definition of the primitives is as follows:

CMTM-END.inform {

Cmd_type,

SrcMAC _id,

DstMAC _id,

End,

}

6.6.11.2. Power Transfer Termination Notification

6.6.11.2.1. Required Time

It is required when the management block that has received a wireless power transfer
termination event, sends the related information to the MAC layer.

6.6.11.2.2. Result

The MAC layer that has received a wireless power transfer termination event sends
the related information to the MWPTS-D through the physical layer.

6.6.11.3. Power Transfer Termination Reception Response

6.6.11.3.1. Required Time

It is required when the MAC layer that has received a wireless power transfer ter-
mination reception response, sends the related information to the management block.

6.6.11.3.2. Result

The MWPTS-C management block that has received the termination reception

response, sends the related information to the application block.
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Parameter Type Value Range Description

Ox00 Request
0x01. Response
Cmd_type Number x00to OxQF 0x02 Data

0x03 Check

Ox04 1o OxOF TBD

SrehAG _jd Number Manufacturer's MWPTS.C MAC 1D
code
DstMAC id Number [;’lﬂj'g‘f““’e” MAC 1D of the target MWPTS-D
) 0 Terminration
End Binary Cor1
1 Continuous
TBD

6.7. Primitives between Couplers and Management Block at MWPTS-C

6.7.1. General

It defines the primitives between the coupler and the MWPTS-C management block
for coupler management and control.

6.7.2. Wireless Power Transfer Frequency Control

6.7.2.1. General

It includes information for selection of frequency band that is used to transfer the
current wireless power with the coupler. The definition of the primitives is as follows:

CMTC-FREQ.control {

Req_FreqControl,

}

6.7.2.2. Required Time

It is required when the management block calculates parameters for frequency
change and provides them to the coupler when frequency change request is received.

6.7.2.3. Result

The management block calculates parameters to control the wireless power transfer

frequency and sends them to the coupler.

Parameter Type Yalue Range Description

In case of the systerm that uses
mulliple  wireless  power  lransfer
Req FreqControl Mumber 30 kHz to 300 MHz7 | frequency bands the f{reguency
information to be scheduled 1o use
in the corresponding power transfer

B0

6.7.3. Coupler Control

For optimization of impedance matching that varies depending on the situation, the
impedance matching for the coupler is required. The required information is included.
The definition of the primitives is as follows:

CMTC-COUPLER.control {

Req_MatchingControl,
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[624] }
[625]
[626] 6.7.3.1. Required Time
[627] It is required when the management block calculates parameters for coupler change

and provides them to the coupler when coupler control change request is received from
an application block.

[628] 6.7.3.2. Result

[629] The management block calculates parameters for coupler and matching control and

sends them to the coupler.

[630] Parameter Type Yalue Range Description

Req MatchingControl | Number Oto 10000 Ohm Variation of matched values

T8D

[631] 6.7.4. Output Power Level Control
[632] 6.7.4.1. General
[633] It includes information for the management block to control the coupler for output

power level control of MWPTS-C. The definition of the primitives is as follows:

[634] CMTC-POWER.control {

[635] Req_PwrControl,

[636] }

[637]

[638] 6.7.4.2. Required Time

[639] It is required when the management block calculates parameters for output power

level change and provides them to the coupler when output power level change request
is received from an application block.
[640] 6.7.4.3. Result

[641] With the received parameters, the coupler controls the output power level.
arameter Ype alue Range escrption
[642] P T value R D
Req_PwrContro! Numbar -501o 100 dBm Vanation of output powers
TBD

[643] 6.7.5. Scheduling Control
[644] 6.7.5.1. General
[645] It includes information for the management block to control the coupler for priority

handling in the time division charging mode. The definition of the primitives is as

follows:
[646] CMTC-SCHEDULING.control {
[647] Req_SchedulingControl,
[648] }
|
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[650] 6.7.5.2. Required Time
[651] It is required when the management block calculates parameters for scheduling and
provides them to the coupler when scheduling request is received from an application
block.
[652] 6.7.5.3. Result
[653] With the received parameters, the coupler controls to perform power transfer service
according to scheduling information.
[654] Parameter Type Yalue Range Description
Req_SchedulingContral | Descrption Control command | Coupler contral for scheduling
8D
[655] 6.7.6. Voltage/Current Sensing
[656] 6.7.6.1. General
[657] It includes information required for the management block to perform coupler
control through measurement of current and voltage that support for abnormal situation
sensing and matching control. The definition of the primitives is as follows:
[658] CMTC-SENSING.request {
[659] Current,
[660] Voltage,
[661] }
[662]
[663] 6.7.6.2. Voltage/Current Sensing Request
[664] 6.7.6.2.1. Required Time
[665] Voltage and current values are always sensed while MWPTS-C is performing the
wireless power transfer service.
[666] 6.7.6.2.2. Result
[667] The management block calculates parameters for voltage/current sensing and sends
them to the coupler.
[668] 6.7.6.3. Voltage/Current Sensing Response
[669] 6.7.6.3.1. Required Time
[670] It is required when providing the voltage and current measured during wireless
power transfer to the management block on a specific interval basis.
[671] 6.7.6.3.2. Result
[672] It sends the measured current and voltage to the management block as the response.
[673] Paramater Type value Range Descnption
Current Number Ot 1000 A hWeasured current value
Voltage Number 0t 1000 V Measured voltage value
TBD
[674] 6.7.7. MWPTS-D Full Charge
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6.7.7.1. General

When an MWPTS-D informs MWPTS-C of full charge, MWPTS-C stops the
wireless power transfer by control of the coupler. The definition of the primitives is as
follows:

CMTC-Full.control {

Req_FullControl

}

6.7.7.2. Required Time

It is required when the MWPTS-C management block receives the full charge event
from the MWPTS-C application block.

6.7.7.3. Result

The MWPTS-C management block requests the wireless power transfer termination
by full charge to the coupler of MWPTS-C.

Parameter Type YValue Range Description

0. Keep the current status
Req_FullControt Binary Gor 1

1 Termiinaton

TEBD

6.7.8. Wireless Power Transfer Termination

6.7.8.1. General

When wireless power transfer termination request is received from a user, the
MWPTS-C application block stops the current service and includes the required in-
formation until the request of the next user is received. The definition of the primitives
is as follows:

CMTC-Full.control {

Req_EndControl

}

6.7.8.2. Required Time

It is required when the MWPTS-C management block receives the wireless power
transfer termination request from the MWPTS-C application block.

6.7.8.3. Result

The MWPTS-C management block requests the wireless power transfer termination

to the MWPTS-C coupler for the corresponding user.

Parameter Type Value Range Description

0 Keep the current status
Req EndControl Binary Oor 1

1 Termination

TED

6.8. Primitives between MWPTS-D Application block and Management block
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[699] 6.8.1. General
[700] It defines the primitives between the MWPTS-D application block and management
block for the MWPTS-D application block to prepare the required information for
wireless charging or to control the coupler of MWPTS-D when an MWPTS-C ap-
plication block request is received.
[701]
[702] 6.8.2. MWPTS-D ID Information
[703] It includes information for preparation to provide the MWPTS-D ID data for the ID
request of MWPTS-C. The definition of the primitives is as follows:
[704] DATM-DEVID.request {
[705] Req_id,
[706] Rsp_id,
[707] }
[708]
[709] 6.8.2.1. MWPTS-D ID Request
[710] 6.8.2.1.1. Required Time
[711] It is required when the MWPTS-D ID request is received from the application block
of MWPTS-C.
[712] 6.8.2.1.2. Result
[713] The MWPTS-D application block requests the ID information of MWPTS-D.
[714] 6.8.2.2. MWPTS-D ID Response
[715] 6.8.2.2.1. Required Time
[716] It is required when the MWPTS-D management block has completed the ID in-
formation preparation to send to the MWPTS-D application block.
[717] 6.8.2.2.2. Result
[718] The MWPTS-D application block prepares to send the ID information from the
management block to the MWPTS-C application block.
[7 19] Parameter Tvpe WValle Range Description
Req_id Descriptian :Equest INOINALON | 11y s fermation request
Rep_id Number 0X00 10 OxFF E)?ii;%rprlicewer 10 authentication
TBD
[720] 6.8.3. MWPTS-D Information
[721] 6.8.3.1. General
[722] In order to provide optimal power transfer depending on the situation, it includes in-
formation that the MWPTS-D prepares and sends according to the request of MWPTS-
C. The definition of the primitives is as follows:
[723] DATM-DEVINFO.request {
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Req_Devinfo,
Freq,

MaxPwr,
BattRemain,
BattDischarge,
Pwr,

Type,

RSSI,

}

6.8.3.2. MWPTS-D Information Request

6.8.3.2.1. Required Time

It is required when the MWPTS-D information request is received from the
MWPTS-C application block.

6.8.3.2.2. Result

The MWPTS-D application block requests the information of MWPTS-D to the
MWPTS-D management block.

6.8.3.3. MWPTS-D Information Response

6.8.3.3.1. Required Time

It is required when the MWPTS-D management block has completed the MWPTS-D
information preparation to send to the MWPTS-D application block.

6.8.3.3.2. Result

The MWPTS-D application block prepares to send the ID information from the
management block to the MWPTS-C application block.

Parameter Type Value Range Description

MWPTS.D
informahon
request. all
Req_Devinfo Description parameters or | MWPTS.D information request
selective
parameters can be
reguested.

In case of the system that uses
multiple wireless  power transfer
Freq Nuniber J0kHz to 300 MHz | frequency bands. the frequency
information to be scheduled fo use
inthe corresponding power transfer

haxPwr Number -50 to 100 dBm Receivers acceptable power level

o Residuai  battery  fevel of the
BaftRemain Number Oto 100% recalver
BattDischarge Number O0to 1000 A The axtent of battery discharge
Pawr Number -50 to 100 dBm Received power reception level
Type Description Receivertype Description 1o distinguish  the

! receiver type

RS Number 80t 100 dBm Communication  signal  reception

strength level
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[745] 6.8.4. Scheduling Control

[746] 6.8.4.1. General

[747] The MWPTS-D application block controls the coupler of MWPTS-D through the
MWPTS-D management block based on the scheduling information from the
MWPTS-C application block and includes the required information. The definition of

the primitives is as follows:

[748] DATM-SCHEDULING.request {

[749] Req_SchedulingControl

[750] Priority,

[751] TimeAmount,

[752] }

[753]

[754] 6.8.4.2. Required Time

[755] It is required when the MWPTS-D receives the scheduling information from the

MWPTS-C application block.
[756] 6.8.4.3. Result
[757] The MWPTS-D application block sends the received scheduling information for the

MWPTS-D management block to calculate the parameters for coupler control.

[758] Parameter Type Value Range Description

0 Keeptha current status

Req_SchedutingControl | Binary Oor 1

1 Control request

Sequence number of each
Prigrity Mumber Tio 108 MWETS. D
TimeAmount Number 110 100000 sec Timeto charge each MWPTS.D

=18l

[759] 6.8.5. Current/Voltage Sensing

[760] 6.8.5.1. General

[761] When the reception power level request is received from the MWPTS-C application
block, it senses the current and voltage, performs power calculation, and includes in-
formation to send the information to the MWPTS-C application block. The definition

of the primitives is as follows:

[762] DATM-SENSING.request {

[763] Current,

[764] Voltage,

[765] Pwr,

[766] }

[767]

[768] 6.8.5.2. Current/Voltage Sensing Request
[769] 6.8.5.2.1. Required Time
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[770] It is required when the request for the test power reception level and reception power
level is received from the MWPTS-C application block.
[771] 6.8.5.2.2. Result
[772] The MWPTS-D application block requests the reception power level to the MWPTS-
D management block based on the current and voltage sensing.
[773] 6.8.5.3. Current/Voltage Sensing Response
[774] 6.8.5.3.1. Required Time
[775] It is required when the request is received from the MWPTS-D application block and
the reception power level is calculated through the current and voltage sensing.
[776] 6.8.5.3.2. Result
[777] The MWPTS-D management block sends the current/voltage sensing information or
reception power level information to the MWPTS-D application block. This in-
formation is used for output power control of MWPTS-C.
[778] Parameter Type Value Range Description
Current Number 0to 1000 A Measured current
Voltage Number 0t0 1000 ¥ Measured voltage
Pur Number 5010 100dBm | Calculated power
T8O
[779] 6.8.6. Unexpected Occurrence Control
[780] 6.8.6.1. General
[781] It includes information to solve an unexpected occurrence. MWPTS-D application
block solves the problem based on the unexpected occurrence control information from
the MWPTS-C application block. The definition of the primitives is as follows:
[782] DATM-ABNORMAL.request {
[783] Req_AbnormalControl,
[784] }
[785]
[786] 6.8.6.2. Required Time
[787] It is required when the MWPTS-D receives the unexpected occurrence control in-
formation from the MWPTS-C application block.
[788] 6.8.6.3. Result
[789] The MWPTS-D application block sends the reception control information for the
MWPTS-D management block to calculate the parameters for coupler control based on
the received unexpected occurrence control information.
[790] Parameter Type Value Range Description
Req Aonammal Binary oor 1 0 Keep the cutrent status

[791]

1 Control request

TED

6.8.7. Power Transfer Termination Control
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[792] 6.8.7.1. General
[793] When the power transfer termination control is received from the MWPTS-C ap-
plication block, the MWPTS-D application block includes information for MWPTS-D

coupler control to terminate power transfer through the MWPTS-D management block.

The definition of the primitives is as follows:

[794] DATM-END.request {

[795] Req_EndControl,

[796] }

[797]

[798] 6.8.7.2. Required Time

[799] It is required when the MWPTS-D receives the power transfer control information

from the MWPTS-C application block.
[800] 6.8.7.3. Result
[801] The MWPTS-D application block controls the coupler by sending the control in-

formation to the MWPTS-D management block for power transfer termination control.

[802] Parameter Type Value Range Description
0 Keep the current status
Ren EndControl Binary Qort
1. Control request
TBD

[803] 6.8.8. Full Charge Notification

[804] 6.8.8.1. General

[805] When the battery of MWPTS-D is fully charged, the receiver stops receiving power
and sends the related information to MWPTS-C for power transfer termination. Ac-
cordingly, the MWPTS-D will exclude the MWPTS-D from the receivers for next

wireless power transfer. The definition of the primitives is as follows:

[806] DATM-FULL.request {
[807] Inf_Full
[8O8] Req_FullControl,
[809] }
[810]
[811] 6.8.8.2. Required Time
[812] It is required when the MWPTS-D management block confirms the full charge of the
battery.
[813] 6.8.8.3. Result
[814] Parameter Type value Range Description
nf_Full Binary Bor 1 0 Noteharged
1 Full charge

0 Keep the curmrent stalus
Req_FuliControl Binary Dor 1
1. Conirol reguest

TBD
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6.8.9. Discharge Rate Change Notification

6.8.9.1. General

When an MWPTS-D senses the battery discharge rate change, it sends the related in-
formation to MWPTS-C for scheduling and power control. The definition of the
primitives is as follows:

DATM-BATT.inform {

Inf Batt,

Inf_BattChange,

}

6.8.9.2. Required Time

It is required when the MWPTS-D management block confirms the battery discharge
rate change.

6.8.9.3. Result

The MWPTS-D management block informs the MWPTS-D application block of the

battery discharge rate change and the amount of variation.

Parameter Tvpe Value Range Description
Inf_Batt Mumber Oto 1000 A Current battery discharge rate
) 0 Mochange
Ini_BattChange Binary Oor1
1 Changed
80

6.9. Primitives between Management Block and MAC Layer at MWPTS-D

6.9.1. General

The MWPTS-D management block receives a command and sends the response data
through the MAC layer to exchange data between MWPTS-C and an MWPTS-D ap-
plication block. The management block controls to response or send data to the correct
MWPTS-C or MWPTS-D. The contents exchanged between the management block
and MAC layer for control are as follows:

6.9.2. MWPTS-D ID Information

The MAC layer sends the MWPTS-D ID request from MWPTS-C to the
management block. In addition, when the management block receives the MWPTS-D
ID information from the application block, it sends the ID information through the
MAC layer. The definition of the primitives is as follows:

DMTM-SCAN.request {

Cmd_type,

SrcMAC _id,

DstMAC _id,

Req_join,
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[838] Dev_id,
[839] }
[840]
[841] 6.9.2.1. MWPTS-D ID Request Reception
[842] 6.9.2.1.1. Required Time
[843] It is required when an MWPTS-D management block receives the MWPTS-D ID

request packet from MWPTS-C and sends the related information to the management
block.

[844] 6.9.2.1.2. Result

[845] The MWPTS-D management block sends the MWPTS-D ID request information to
the application block.

[846] 6.9.2.2. MWPTS-D ID Information Response

[847] 6.9.2.2.1. Required Time

[848] It is required when an MWPTS-D management block receives the response in-
formation for the ID request from the application block and sends it to the MAC layer.

[849] 6.9.2.2.2. Result

[850] The MWPTS-D MAC layer sends the response ID information to MWPTS-C
through the physical layer.

[85 1] Parameter Type Value Range Description

0x00 Reguest
0x0t. Respanse

Cmd_type Number 0x0 to Ox0F 0x02 Data
0x03 Check
0x04 to Ox0F  TBD
SreMAC 1d Number WMWPTS-C MAC ID
DsthvAC_id Mumber WAC 1D of the target KRWRTS-D
0 Standby request
Reg_jon Binary Dor 1 _
1 WWEFTS-D join request
Dev_1d Number Ox001to OxFF MWPTS-D 1D
TBD

[852] 6.9.3. Wireless Power Transfer Serviceability Reception

[853] 6.9.3.1. General

[854] The MAC layer that has received the serviceability information from MWPTS-C,
sends the related information to the management block. The definition of the

primitives is as follows:

[855] DMTM-Service.inform {
[856] SrcMAC_id,

[857] DstMAC_id,

[858] Accept_deny,

[859] }

[860]
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[861] 6.9.3.2. Required Time

[862] It is required when the MWPTS-D MAC layer receives the serviceability information
from MWPTS-C and sends it to the management block.

[863] 6.9.3.3. Result

[864] The management block that has received the serviceability information, sends it to

the application block.

[865] Farameter Type Value Range Description
SreMAC_id Number MWPTS.C MAC 1D
OstMAC _id Number MAC 1D of the target MWPTS-D

) 0 Ineligible for wireless charging
Accepl_deny Binary Oor1
t Elgible for wireless charging

8D

[866] 6.9.4. MWPTS-D Information

[867] 6.9.4.1. General

[868] The MWPTS-D MAC layer that has received a wireless power transfer status request
from MWPTS-C, sends the related information to the management block. The
management block that has received the status information from the application block
as a response for the request, exchanges this information to send the related in-

formation to the MAC layer. The definition of the primitives is as follows:

[869] DMTM-DEV.request {

[870] Cmd_type,

[871] SreMAC _id,

[872] DstMAC _id,

[873] Frequency,

[874] BattRemain,

[875] BattDischarge,

[876] MaxPwr,

[877] Pwr,

[878] Type,

[879] RSSI,

[880] }

[881]

[882] 6.9.4.2. MWPTS-D Information Request Reception
[883] 6.9.4.2.1. Required Time

[884] Before performing the wireless power transfer, it is required when the MWPTS-C ap-

plication block has sent the information for wireless power transfer status request to
the management block.

[885] 6.9.4.2.2. Result

[886] The MWPTS-D management block that has received a request, send the information



WO 2014/065442 PCT/KR2012/008650

[887]
[888]
[889]

[890]
[891]

[892]

[893]
[894]
[895]

43

to the application block.

6.9.4.3. MWPTS-D Information Response

6.9.4.3.1. Required Time

It is required when the MWPTS-D management block must send the wireless power
transfer status received from the application block to the MAC layer.

6.9.4.3.2. Result

The MAC layer that has received the status information sends the information to
MWPTS-C through the physical layer.

Parameter Type Value Range Description

0x00 Reguest
0x01° Response

Cmd_type Number Ox00to Ox0F 0x02 Data
0x03 Check
Ox04 10 OxDF TBED
SrehacC_id Number WMWPTS-C MAC 1D
DsthinC _id Number WMAC ID of the target MWRTS-D

It case of the system that uses
multiple  wireless  power transfer
Freq Number 30kHz to 300 MHz | frequency bands. the freguency
information 1o be scheduled 1o use
inthe cofresponding power transfer

BatRemain Number Oto 100% rz‘;:(j%?[ battery level of the
BattCischarge Number Oto 1000 A The extent of battery discharge
MaxPwr Number -50 to 100 dBm Receiver's acceptable power level
Pwr Number -50t0 100 dBm Receved power reception level
Type Description Recetvertype Eeif’?‘c‘?g‘tzge o distnguish  the
R551 Mumber -80 to 100 dBm Receaption signat strengih

TBD

6.9.5. Charging Zone/Communication Zone Recognition Method

6.9.5.1. General

The MWPTS-D MAC layer sends the location information (charging zone or com-
munication zone) from MWPTS-C to the target MWPTS-D management block. The
definition of the primitives is as follows:

DMTM-ZONE.inform {

SrcMAC _id,

DstMAC _id,

Zone,

}

6.9.5.2. Required Time

It is required when the MWPTS-D MAC layer receives the location information of
the MWPTS-D and sends it to the management block.

6.9.5.3. Result
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[905] The management block that has received the location information, sends the in-
formation to the application block.
[906] Parameter Type Value Range Description
SreMAC id Number MWPTS-C MAG |D
DsthAC_id Number MAC 1D of the target MWPTS-O

) 0 Charging zone
Zone Binary Oor1
1 Communicagonzone

B

[907] 6.9.6. Power Transfer Mode Reception

[908] 6.9.6.1. General

[909] The MWPTS-D MAC layer sends the wireless power transfer mode received from
MWPTS-C to the management block and sends the reception check packet received
from the management block to MWPTS-C. The definition of the primitives is as

follows:
[910] DMTM-MODE.inform {
[911] Cmd_type,
[912] SreMAC _id,
[913] DstMAC _id,
[914] CharMode,
[915] }
[916]
[917] 6.9.6.2. Required Time
[918] It is required when the MWPTS-D MAC layer sends the wireless power transfer

mode received from MWPTS-C to the management block.

[919] 6.9.6.3. Result

[920] The management block that has received a wireless power transfer mode, sends the
related information to the application block.

[921] 6.9.6.4. Power Transfer Mode Reception Response Transmission

[922] 6.9.6.4.1. Required Time

[923] It is required when the MWPTS-D management block receives the reception
response from the application block and sends it to the MAC layer.

[924] 6.9.6.4.2. Result

[925] The MAC layer that has received a reception response sends the related information
to MWPTS-C through the physical layer.

[926]
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Parameter Type Value Hange Descnplicn
0x00. Reqguest
0x0D1 Response
Cmd_type Number Dx00 to Ox0OF 0x02 - Data
0x03. Check
0xD4 to 0xOF TBD
Srchdac 1d Humber MWPTS-C WAL 1D
DsthiAC_1d Number MAC D of the target MWPTS.D
1 Time-division charging mocde
ChartJode Number 1-5 2 Simultanegous charging mode
jto 5 TBD
T8D

6.9.7. Scheduling Information

6.9.7.1. General

In the time-division priority charging mode, the MAC layer sends the scheduling in-
formation received from MWPTS-C to the management block and the management
block sends the response information for scheduling received from the application
block to the MAC layer to send it to MWPTS-C. The definition of the primitives is as
follows:

DMTM-SCHEDULING.inform {

Cmd_type,

SrcMAC _id,

DstMAC _id,

Priority,

TimeAmount,

}

6.9.7.2. Scheduling Information Reception

6.9.7.2.1. Required Time

It is required when the MWPTS-D MAC layer sends the scheduling information
received from MWPTS-C to the management block.

6.9.7.2.2. Result

The management block that has received the scheduling information, sends the in-
formation to the application block.

6.9.7.3. Scheduling Information Response Transmission

6.9.7.3.1. Required Time

It is required when an MWPTS-D management block receives a response message
for scheduling information reception check from the application block.

6.9.7.3.2. Result

The MAC layer that has received a reception response message sends the related in-
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formation to MWPTS-C through the physical layer.

Parametar Tvpe Value Rangs Descnption

0x20 Request
0x01 Response

omd_tvpe Number Ox0010 Ox0F 0x02 Data

0x03 Check

0x4 to 0x0F TBD
SrehdAL_id Number WMWPTS-C MAC 1D
DstMAC _1d Mumber MAG 1D of the target MWPTS-D
Priority Number 110 100 %equence rumbar of each MWPTS-
TimeAmount Number 1to 100000 sec Time to charge each MWPTS.D

B0

6.9.8. Abnormal Situation Management Information and Command

6.9.8.1. General

In case of any abnormal situation, when the MWPTS-D MAC layer that has received
the related information from MWPTS-C, sends the information to the management
block and the management block sends the received response information to the MAC
layer. The definition of the primitives is as follows:

DMTM-ABNORMAL.inform {

Cmd_mode,

SrcMAC _id,

DstMAC _id,

Abnormal,

CharOff,

Pwr

}

6.9.8.2. Abnormal Situation Management Information and Command Reception

6.9.8.2.1. Required Time

It is required when the MAC layer that has received abnormal situation information,
sends the related information to the management block.

6.9.8.2.2. Result

The management block that has received abnormal situation information, sends the
information to the application block.

6.9.8.3. Abnormal Situation Management Information Response

6.9.8.3.1. Required Time

It is required when the management block that has received measured values and
required information from the MWPTS-D application block, must provide the related
information to the MAC layer to solve the situation.

6.9.8.3.2. Result
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[970] The MWPTS-D MAC layer sends the received information to MWPTS-C through

the physical layer.
[97 1] Parameter Tvpe Value Range Description
Ox30 Request
0x31 Response
Zmd_tvpe Number 0x00 to Ox0OF Ox32 Data
0x33 Check
x4 1o Ox0F TED
SrehlaC 1d Number MWPTS-C MAC ID
DstMAC_id Number WMAC 1D of the target MWFTS.D
) 0 Notapphcabie
Abnormal Binary Oor1
1 Abnarmal situation
0 Charging coil Off
CharJff Binary Oor1 _
1 Chargingcoii On
P S0 100 dBEm Recalved POWET | peraived power
reception level
TED

[972] 6.9.9. MWPTS-D Full Charge Notification

[973] 6.9.9.1. General

[974] When an MWPTS-D is fully charged, the management block that has received the
related information from the application block, sends the information to the MAC layer
to send it to MWPTS-C. The definition of the primitives is as follows:

[975] DMTM-FULL.inform {

[976] Cmd_type,

[977] SreMAC _id,

[978] DstMAC _id,

[979] Full,

[980] }

[981]

[982] 6.9.9.2. Required Time

[983] It is required when the MWPTS-D management block that has received the full

charge of an MWPTS-D, informs the MAC layer of the related information.

[984] 6.9.9.3. Result

[985] The MWPTS-D MAC layer sends the received full charge information to MWPTS-C
through the physical layer.

[986]
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Parameter Type Value Range Description
0x00: Reguest
0x01. Response
Cmd_type Number x00 1o Ox0F 0x02° Data
0x03  Check
0x0410 Ox0F TED
SreMACid Number RWPTS-C MAC ID
DsthiAl id Mumber WMAC 1D of the target MWPTS-D
0 Mot charged
Full Binary Dor1 1" Full cnarge
TBD

6.9.10. Power Transfer Termination Notification

The MWPTS-D MAC layer receives the wireless power transfer termination noti-
fication and sends it to the management block and the management block sends the
related information to the MAC layer. The definition of the primitives is as follows:

DMTM-END.inform {

Cmd_type,

SrcMAC _id,

DstMAC _id,

End,

}

6.9.10.1. Power Transfer Termination Notification Reception

6.9.10.1.1. Required Time

It is required when the MWPTS-D MAC layer that has received wireless power
transfer termination information, sends the related information to the management
block.

6.9.10.2. Result

The management block that has received wireless power transfer termination in-
formation, sends the related information to the application block.

6.9.10.3. Power Transfer Termination Reception Response Transmission

6.9.10.3.1. Required Time

It is required when the management block that has received wireless power transfer
termination reception response from the application block, sends the related in-
formation to the MAC layer.

6.9.10.3.2. Result

The MAC layer that has received a termination reception response, sends the related
information to MWPTS-C through the physical layer.
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Parameter Type Value Range Description
0x00. Request
0Ox01 Response
Cmid_type Number OxD0 o Ox0F Ux02: Data
0x03 Check
0x04 to OxOF: TBD
SrchAC_id Numbper MWPTS-C MAC ID
DstMAC_1d Number NAC D of the larget MWPTS-D
0 Termination
=nd Binary vor 1 Continuous
TED

[1007]
[1008]
[1009]

[1010]
[1011]

[1012
[1013
[1014
[1015
[1016
[1017
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[1018]
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[1020]

[1021]
[1022]
[1023]

[1024]
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6.10. Primitives between MWPTS-D Management Block and Coupler

6.10.1. General

It defines the primitives between the MWPTS-D management block and coupler for

coupler management and control of the MWPTS-D.

6.10.2. Scheduling Control

The MWPTS-D management block includes information for coupler control based

on the received coupler control command to meet the scheduling. The definition of the

primitives is as follows:
DMTC-SCHEDULING.request {
Req_SchedulingControl

}

6.10.2.1. Required Time

It is required when the MWPTS-D receives the scheduling information from the

MWPTS-C application block.

6.10.2.2. Result

The MWPTS-D management block controls the current coupler based on the

received scheduling information.

Parameter

Type

Value Range

Description

Req_SchedulingControl

Binary

Jor1

0 Keepthe current status

1 Contral request

TBD

6.10.3. Current/Voltage Sensing

6.10.3.1. General

The MWPTS-D management block performs the current/voltage sensing to sense the

variation of the reception network or to calculate the reception power, and the

management block defines the required information. The definition of the primitives is

as follows:

DMTC-SENSING.request {
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Req_Sensing,
Current,

Voltage,
}

6.10.3.2. Current/Voltage Sensing Request

6.10.3.2.1. Required Time

It requests sensing whenever wireless power is received for a specific time.

6.10.3.2.2. Result

The MWPTS-D management block sends the control command to the coupler to
sense the voltage and current while receiving power.

6.10.3.3. Current/Voltage Sensing Response

6.10.3.3.1. Required Time

It is required when requesting the current/voltage sensing for the MWPTS-D
management block to calculate the reception power.

6.10.3.3.2. Result

The MWPTS-D coupler sends the measured current and voltage to the MWPTS-D

management block.

Parameter Type Value Range Description

0. No request

Reg Sensing Brnary Oar1

1 Transfer request
Curent Number 0to 1000 A Measured current
Voltage Numizer 0t 1000 v Measured voltage

8D

6.10.4. Abnormal Situation Control

6.10.4.1. General

The MWPTS-D management block controls the MWPTS-D coupler with the
calculated parameters to solve an abnormal situation and includes the required in-
formation. The definition of the primitives is as follows:

DMTC-ABNORMAL.request {

Req_AbnormalControl,

}

6.10.4.2. Required Time
It is required when the abnormal situation control information is received from the
MWPTS-D application block.

6.10.4.3. Result
The MWPTS-D management block controls the current coupler based on the
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received abnormal situation control information.

[1053] Parameter Type Value Range Description

. 0 No change
Reg_aAbnormalControl | Binary Qor1
1. Centrol request

T8D

[1054] 6.10.5. Power Transfer Termination Control
[1055] 6.10.5.1. General
[1056] The MWPTS-D management block controls the coupler for power transfer ter-

mination and includes the related information. The definition of the primitives is as

follows:
[1057] DMTC-END.request {
[1058]  Req_EndControl,
[1059] }
[1060]
[1061] 6.10.5.2. Required Time
[1062] It is required when the power transfer termination control information is received

from the MWPTS-D application block.
[1063]  6.10.5.3. Result
[1064]  The MWPTS-D management block controls the current coupler based on the

received power transfer termination control information.

[1065] Parameter Type Value Range Descrption
3 Mochange
Req EndControl Binary Oor1
1 Control request
TBD

[1066] 6.10.6. Full Charge Notification

[1067] 6.10.6.1. General

[1068]  When the battery of an MWPTS-D is fully charged, the coupler control is required
for terminating the power transfer and the related information is included. The

definition of the primitives is as follows:

[1069] DMTC-FULL.request {

[1070] Req_FullControl,

[1071] '}

[1072]

[1073] 6.10.6.2. Required Time

[1074] It is required when the MWPTS-D management block confirms the full charge of the
battery.

[1075]

[1076] 6.10.6.3. Result
[1077]  In order for the MWPTS-D management block not to receive power, it controls the
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MWPTS-D coupler.
Parameter Type Value Range Descrptian
0 Nochange
Req FullGontrol Binary Dor i

1 Control request

TBD

7. Wireless Power Transfer Control Interface Protocol

7.1. General

It is the information that must be exchanged for efficient wireless power transfer. It is
defined in a frame for wireless power transfer network control and management with
an actual sending message.

7.2. Frame Format

7.2.1 Frame Structure

The frame including the data for wireless power transfer control consists of the
primitives shown in Table 1. MWPTS-C sends control commands to MWPTS-Ds
through the frame with the structure in Table 1 and each MWPTS-D sends power
transfer information to MWPTS-C.

Table 1-Frame Structure

Table 1
[Table 1]
Frame
Field |Start MWPTS-|Code Control Payload |CRC End
Nam D Serial  |Payload
© Number No. Length
Size |8 8 8 4 4 N(0-120 |8 8
(Bits )
)
Frame Header Frame Body

Frame Header: To exchange data between MWPTS-C and MWPTS-Ds, the control-
related information is located including the MWPTS-D number, code, serial number,
payload length, etc. Using the information located here, MWPTS-Ds are distinguished
that exchange the frame type and frame itself.

Frame Body: It consists of the payload that has exchange data between MWPTS-C
and MWPTS-Ds and the frame check sequence (FCS) to check the error within the
payload.

7.2.2. Field Description
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1 Byte of start field indicates the start of one frame and has the fixed value of Ox7E.

1 Byte of number field of MWPTS-D is used for MWPTS-C to distinguish the
MWPTS-D from the application block. If the number of MWPTS-D is OxFF, it
indicates all MWPTS-Ds.

1 Byte of code field is used to distinguish the type of transmission frame because
different codes are allocated for each frame. For more details, see 8.3 Frame Type

1 Byte of control field provides the frame serial number and payload length for each
code. The serial numbers are allocated to each consecutive code frame to prevent
frame loss during message transfer. The payload length indicates the length (Bytes) of
the payload field next to the control field. The payload field has a variable length (O to
N Bytes) to contain actual sending data. For more details, see 8.4 Payload Format

The CRC field (1 Byte) is used to check whether the frame body has been received
with no error. The standard generator polynomial creating the frame test sequence is as
follows:

G =x" +37 +x7 +1

The end field (1 Byte) indicates the end of frame. Like the start field, it has the fixed
value of Ox7F.

Table 2 Field Description

Table 2



WO 2014/065442 PCT/KR2012/008650

54

[Table 2]

Field Size Description

Start 1 Byte The start of a frame has the fixed value of Ox7F.

MWPTS-D 1 Byte Number to distinguish the MWPTS-D from the

Number application block

Code 1 Byte Code allocated to each message to distinguish
frames(See 8.3 Frame Type )

Control 1 Byte The frame number and payload length for each
payload code are provided.

Payload Variable(0-N |Actual data(See 8.4 Payload Format )

Bytes)

CRC 1 Byte 8 bits of the frame test sequence is used to check
whether the frame body has been received with
no error. It is generated using the following 8®
standard generator polynomial.

Goy=x + 2%+ x4+ 1
End 1 Byte It indicates the end of message and it has the
fixed value of Ox7F.
[1100]
[1101]  7.3. Frame Type
[1102] 7.3.1. General
[1103]  The frame type is defined with four types of frames as in Table 3: request frame,

response frame, data frame, and response notification frame. Payload structure for each
frame type is different, and details of payload are introduced in 8.4.

[1104]  Table 3 Frame Type Values

[1105] Table 3
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[Table 3]

Frame Type Value |Content Section

Request Frame [0x00 |Request for MWPTS-C connection,

separation, data response, etc.

Response Frame [0x01 |Response to MWPTS-D connection,

separation, data, etc.

Data Frame 0x02 |Used when an MWPTS-D sends data without

request.

Response Noti- [0x03 |Only the data reception is notified.

fication Frame

TBD

7.3.2. Request Frame

The request frame is used when MWPTS-C sends the requested packet to a specific
MWPTS-D in the requested section or broadcasts information to all receivers. When
the number of MWPTS-D in the frame header is OxFF, the request frame is
broadcasted.

7.3.3. Response Frame

The response frame is used when sending the response packet of MWPTS-D against
the MWPTS-C request. It is mainly used when replying with the charge information of
MWPTS-D by the request of MWPTS-C.

7.3.4. Data Frame

The data frame is used when an MWPTS-D notifies MWPTS-C of full charge of
MWPTS-D or discharge amount change even upon no request of MWPTS-C.

7.3.5. Response Notification Frame

The reception notification frame is used to check whether an MWPTS-D has
received charge mode, time-division sequence, and end of charging and whether
MWPTS-C has received the full charge event. The data reception check frame consists
of only the frame header without frame body.

7.4. Payload Format

7.4.1. General

The payload format varies depending on the frame type (request frame, response
frame, data frame, reception check frame).

7.4.2. Request Frame

7.4.2.1. General

The payload format of the request frame consists of the length, request code, and one
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or more request blocks as shown in Table 4. If the number of MWPTS-D in the frame
header is OxFF, it requests replies to all groups of MWPTS-Ds. Each block includes
the request data information.

Table 4 Payload Format of Request Frame

Table 4
[Table 4]
1 1 L, L, v L
Length |Request Code [Request Block-|Request Block-|.... Request Block-n
(=yL) ! 2
Unit: Byte

7.4.2.2. Length

The length field (1 Byte) indicates the sum of request block lengths and the field
value varies depending on the request block length and the number of blocks.

7.4.2.3. Request Code and Request Data

The contents for the request code in the payload and request block of the corre-
sponding request code are as follows:

Table 5 Request Codes and Data

Table 5
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[Table 5]
Reques |Code Description Data Data Description
t Code |Definition

[Code

Name]
0x01 |[Req_Join |MWPTS-D connection ([Req_Join] Req_Join:

request by MWPTS-C connection request

0x02 |Inf_Service |Notification of whether [[Accept/Deny][D|Accept: eli-

[1131
[1132
[1133
[1134

—_— e e

wireless power transfer
of MWPTS-D is

eligible or not

ev #]

gibleDeny: ineli-
gibleDev #:
MWPTS-D number
given by MWPTS-C

0x03 [Req_Scan [Request for all [Req_Scan] Req_Scan: in-
MWPTS-D in- formation request
formation
0x04 |Inf Zone |[MWPTS-D s zone [Charging/Com |Charging: charging
(charging zone/ m] zoneComm: commu-
communication zone) nication zone
notification
0x05 |Inf Mode [Charging mode noti- ([Time/Simultane |Time: time-division
fication ous] modeSimultaneous:
simultaneous mode
0x06 |Req_Time |[Scheduling information ([Priority][Time |Priority: pri-
notification Amount] orityTime Amount:
amount of time
0x07 |Req_Unexp |Abnormal situation [Dev #][Coil] Dev #: MWPTS-D
t management command numberCoil:
MWPTS-D coil On/
Off
TBD

7.4.3. Response Frame

7.4.3.1.

General

The payload of the response frame has the response data against the request. The

payload of the response frame is shown in Figure 6. The first 1 Byte is the group
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address, the next 1 Byte is the response data length (L) and response code, and the next
L Bytes includes the response data.

Table 6 Payload Format of Response Frame

Table 6

[Table 6]

1 1 L

Length (=L) Response Code Response Data
Unit: Byte

7.4.3.2. Length

The length field (1 Byte) indicates the length of the replay data and it varies
depending on the response data type.

7.4.3.3. Response Codes and Response Data

The contents for the response code in the payload and data of the corresponding
response code are as follows:

Table 7 Response Codes and Data

Table 7
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[Table 7]
Reques |Code Description Data Data Description
t Code |Definition
[Code
Name]
0x01  [Rsp_Join Response for the [Dev_ID] Dev_ID: receiver ID
connection request of
MWPTS-D
0x02 |Rsp_Scan |Response for the [RSSI][Freq][B [RSSI: reception signal
device information  |attRemain][Bat |strengthFreq: frequency
request tDischarge][M |for wireless power
axPwr][Pwr][T |transferBattRemain:
ype] residual battery level-
BattDischarge: battery
discharge rateMaxPwr:
maximum reception
powerPwr: current
reception powerType:
MWPTS-D type
0x03 |Ack_Mode |Response for the [BattRemain][ |BattRemain: residual
communication mode |BattDischarge] |battery level-
notification of the [Pwr] BattDischarge: battery
current device discharge ratePwr:
current reception power
0x04  |Rsp_Unexp |Response for [Dev #][Pwr] |Dev#: MWPTS-D
t abnormal situation numberPwr: current
action request reception power
0x05 |[Rsp_Pwr [Response for [Pwr] Pwr: current reception
reception strength power
request
TBD
[1144]
[1145] 7.4.4. Data Frame
[1146] 7.4.4.1. General
[1147]  The payload of the data frame has the data to inform MWPTS-C of the recognized
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abnormal situation upon no request of MWPTS-D. The payload of the response frame
is shown in Table 8. The first 1 Byte is the data code and the next L. Bytes are the data.
[1148] Table 8 Data Frame
[1149] Table 8

[Table 8]
1 L
Data Code Data

[1150]

[1151] 7.4.4.2. Data Codes and Blocks

[1152]  The contents for the data code in the payload and data of the corresponding data code
are as follows:

[1153] Table 9 Data Codes and Blocks

[1154]  Table 9

[Table 9]
Data |[Code Description Data Data Description
Code |Definition

[Code

Name]

0x01  |(Req_Full Notification of full
charge of MWPTS-D

0x02 |Ack Batt [|Notification of [BattDischarge
discharge rate of ]
MWPTS-D battery

TBD

[1155]

[1156]  7.4.5. Reception Notification Frame

[1157]  The payload of the response reception check frame informs MWPTS-C of reception
by sending only the header with no frame payload to notify reception for wireless
power transfer mode of MWPTS-D, reception scheduling information, wireless power
transfer termination notification, and full charge information of MWPTS-C. It can be
used for more cases in the future.

[1158] Table 10 Reception Notification Frame

[1159]  Table 10
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[Table 10]
Frame
Start MWPTS-D Code Control
Number Serial No. Payload Length
8 8 8 4 4
[1160]  Unit: Byte
[1161] 8. Wireless Power Transfer Control Interface Procedure
[1162] 8.1. General
[1163]  To provide the wireless power transfer service to multiple MWPTS-Ds, procedures

for authentication, power transfer, and termination exist. The procedures include the
procedures to be performed in the charging zone and communication zone after
MWPTS-D recognition and authentication, the procedures to be performed for wireless
power transfer in the power transfer mode, and the procedure to be performed when
abnormal situation happens.

[1164]  8.2. MWPTS-D Recognition/Authentication and Charging Zone/Communication
Zone

[1165] When MWPTS-C sends the communication signal (join request) for the connection
request, the MWPTS-D that has received the signal, sends its own ID as a response.
MWPTS-C checks the received MWPTS-D ID. If the ID is not the candidate for
wireless power transfer, MWPTS-C informs the MWPTS-D of it. Otherwise, MWPTS-
C requests for data. The MWPTS-D that has received the data request, sends the in-
formation of MWPTS-D (residual battery level, battery discharge rate, charging
frequency, required reception power strength, etc.) to MWPTS-C as a data response.
MWPTS-C that has received the MWPTS-D information, analyzes the received data
and recognizes the zone of the corresponding MWPTS-D based on the reception
strength information. When the MWPTS-D is within the communication zone, it is
informed to the MWPTS-D, which also sends the information to the user. When the
MWPTS-D is within the charging zone, it is informed to the MWPTS-D and MWPTS-
C considers the MWPTS-D the candidate for wireless power transfer service.

[1166]

[1167]  Figure 6 MWPTS-D Recognition/Authentication and Charging Zone/Communication
Zone

[1168] 8.3. Simultaneous Power Transfer

[1169]  In the simultaneous power transfer mode, MWPTS-C performs impedance matching
for the best wireless transfer efficiency before the service. It changes to the wireless

power transfer frequency from the MWPTS-D information and sends the test power to
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calculate the impedance through the sensed current and voltage of MWPTS-C.
Through this procedure, the first impedance matching is performed, test power is
transferred, and the reception power level is received from the MWPTS-D. Then the
secondary in-depth impedance matching is performed. When the optimal impedance
matching is completed, the wireless power transfer service starts. The service

continues until abnormal situation or wireless power transfer termination.

[1170]

[1171] Figure 7 Simultaneous Power Transfer

[1172] 8.4. Time-division Power Transfer

[1173]  In the time-division power transfer mode, MWPTS-C performs the scheduling cal-
culation based on the MWPTS-D information and informs all MWPTS-Ds of the
sequences and times. Based on the calculated sequences and times, the impedance
matching for the best wireless transfer efficiency is performed for each MWPTS-D
before the service. It changes to the wireless power transfer frequency from the
MWPTS-D information and sends the test power to calculate the impedance through
the sensed current and voltage of MWPTS-C. Through this procedure, the first
impedance matching is performed, test power is transferred, and the reception power
level is received from the MWPTS-D. Then the secondary in-depth impedance
matching is performed. When the optimal impedance match is completed, the wireless
power transfer service starts. The service is provided for the allocated time to each
MWPTS-D according to the scheduled sequence. When any abnormal situation or
wireless power transfer termination happens during wireless power transfer, the current
service is terminated.

[1174] Figure 8 Time-division Power Transfer

[1175]

[1176] 8.5. Abnormal Situation

[1177] 8.5.1. General

[1178] The current and voltage values are measured to sense abnormal situations. When the

variations of measured current/voltage and derived impedance are too large, an
abnormal situation is detected. Then MWPTS-C determines the case among foreign
material, MWPTS-D appearance or disappearance, and full charge of MWPTS-D and
it takes eligible actions according to the remaining procedures.

[1179]  8.5.2. Removing Foreign Material

[1180]  When the variations of the measured current/voltage and derived impedance are too
large, an abnormal situation is detected. Then MWPTS-C stops wireless power transfer
and requests charging information to all MWPTS-Ds. When all MWPTS-Ds exist
currently, it is considered the foreign material case. To determine whether the in-

terference for wireless power transfer is temporary or continuous, multiple current/
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voltage measurements are required through wireless power transfer. If the value
persists, the foreign material is considered continuous and informs the user of it
through the alarm function.

Figure 9 Foreign Material Removal

8.5.3. New MWPTS-D Appearance and Existing MWPTS-D Disappearance

When the variations of the measured current/voltage and derived impedance are too
large, an abnormal situation is detected. Then MWPTS-C stops wireless power transfer
and requests charging information to all MWPTS-Ds. When all MWPTS-Ds do not
exist or additional MWPTS-D is detected, it is considered an impedance change by
MWPTS-D appearance or disappearance. After checking the impedance change, the
optimal matching is performed for wireless power transfer.

Figure 10 New MWPTS-D Appearance and Existing MWPTS-D Disappearance

8.5.4. Full Charge of Existing MWPTS-D

When a battery full charge is detected during wireless power transfer, the MWPTS-D
informs MWPTS-C of its full charge and blocks the power antenna operation. When
the full charge event is received, MWPTS-C excludes the MWPTS-D that has sent the
event from the wireless power transfer candidates and starts the service for other
MWPTS-Ds.

Figure 11 Full Charge of Existing MWPTS-D

8.6. Power Transfer Termination

When the user requests the wireless power transfer termination to MWPTS-C,
MWPTS-C stops wireless power transfer and waits for the next request in the standby
mode.

Figure 12 Power Transfer Termination

8.7. Power Transfer between Devices

When an MWPTS-D does not find MWPTS-C in the vicinity, it can request wireless
power transfer to a near MWPTS-D. At this time, the MWPTS-D received the request
provides its basic MWPTS-D information to determine whether power transfer is
possible or not and it informs the user of it. When the user approves it, the response for
the wireless power request is sent and both MWPTS-Ds inform the users of the
required items and method for charge during the power reception period. When the
condition is met according to the method, the wireless power transfer service is
provided to the requester.

Figure 13 Power Transfer between Devices

8.8. Battery Discharge Rate Change Notification

When an MWPTS-D detects the change of battery discharge rate, it is considered
existence of any person near the MWPTS-D and the judgment is informed to MWPTS-

C to change the output power not to violate the human body hurtfulness standard. It
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stops the wireless power transfer service for a moment, changes the output power, and
restarts the service.

Figure 14 Battery Discharge Rate Change Notification
Industrial Applicability

This item supports wireless power transfer and several kbps data transmission in one
frequency band based on a formed network within a distance of several meters. And it
can be applied to various services and industries such as the following areas of ap-
plication:

* Mobile phones: provide ubiquitous charging environments for portable devices

* Home appliances: allow desirable decoration and placement of appliances by

elimination of wire cables and plugs
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Claims

[Claim 1] A multi-node wireless charging method using magnetic field commu-
nication for enabling a wireless power transmission apparatus to charge
wireless charging devices using magnetic field communication in a
multi-node wireless power transmission system including the wireless
power transmission apparatus and the plurality of wireless charging
devices spaced apart from the wireless power transmission apparatus,
the method comprising:
transmitting an association request frame;
receiving an association response frame from the wireless charging
devices;
transmitting a charging requirement request frame;
receiving a charging requirement response frame from the wireless
charging devices;
transmitting a charging preparation request frame; and
transmitting power during a receiving period of the charging

preparation response frame for the charging preparation request frame.
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