January. 2012 doc.: IEEE 802. 15-11-0027-00-004k
Project: IEEE P802.15 Working Group for Wireless Personal Area Networks (WPANS)

Submission Title: [Out-of-Band Radio Triggered Wakeup Mechanism for Downlink Communication in
LECIM Network]

Date Submitted: [January, 2012]

Source: [Kyungsup Kwak, Jaedoo Huh*, M. Al Ameen, Hyung Soo Lee*]

Company: [Inha University, *ETRI]

Address [428 Hi-Tech, Inha University, 253 Yonghyun-dong, Nam-gu, Incheon, 402-751, Republic of
Korea], [ETRI, 161 Gajeong-dong, Yuseong-gu, Daejeon, 305-700, Republic of Korea]”

Voice: [+82-32-860-7416], FAX: [+82-32-876-7349],

E-Mail: [kskwak@inha.ac.kr]

Re: []

Abstract: [A MAC Proposal for Low Energy Critical Infrastructure Networks Applications]

Purpose: [To be considered in IEEE 802.15.4k]

Notice:  This document has been prepared to assist the IEEE P802.15. It is offered as a basis for
discussion and is not binding on the contributing individual(s) or organization(s). The material in this
document is subject to change in form and content after further study. The contributor(s) reserve(s) the
right to add, amend or withdraw material contained herein.

Release: The contributor acknowledges and accepts that this contribution becomes the property of
IEEE and may be made publicly available by P802.15.

Submission Slide 1 Inha Univ/ETRI



January. 2012 doc.: IEEE 802. 15-11-0027-00-004k

Out-of-Band Radio Triggered Wakeup
Mechanism for Downlink
Communication in LECIM Network
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Outline

Downlink Communication in LECIM
Wakeup Radio Concept
Wakeup Radio for Downlink Communication

Other Uses of Wakeup Radio

— Emergency handling
— On-demand data communication
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Downlink Communication in LECIM (1)

« In downlink, the coordinator transmits data to an endpoint or group of
endpoints

* In LECIM, downlink communication mainly involves network
management

« Downlink is possible if the coordinator is aware that endpoint is awake
or active.

« To save power, endpoints usually remain in sleep state with main radio
In OFF state when data communication is not required

It makes difficult for the coordinator to communicate and may arise

long delay
data ‘
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Downlink Communication in LECIM (2)

« In current existing methods such as IEEE802.15.x, the coordinator must wait
till endpoint wakes up to send downlink data

* A concept of ‘data request’ from endpoint is usually used

Coordinator Endpoint
Coordinator Endpoint
Beacon > _ Data Request
| |
_ Data Request Acknowledgment .
Existing _dOV\{n“nk o Acknowledgment | Data _
communication mechanism in Dat " ”
ala
802.15.4x > _ Acknowledgment
_ Acknowledgment 1= 1
Downlink communication in a Downlink communication in a non
Beacon-enabled network Beacon-enabled network

« If the coordinator wants to send urgent data to a sleeping endpoint, the existing
method is unable to support it
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Wakeup Radio Concept

« A wakeup radio is used for out-of-band wakeup mechanism in a network
« The basic working includes sending RF signal to a neighboring device to wake
itup
« A new ultra low power transmitter/receiver is attached to the sensor devices
« Asimple working of wakeup radio is shown below
— A wakeup receiver listens for the wakeup signal
— It receives the wakeup signal in step-1, and triggers ON the main radio in step-2
— The main radio starts the actual data communication in step-3.

Antenna
=g
N4 Data packets

---‘ Main Radio - — -

Trigger On
main radio

@ - Wakeup Radio ‘

Receive Receiver

wakeup signa
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Wakeup Radio Concept

« Hardware implementation is possible with very low cost

« A wakeup radio circuit consumes few uW power for operation

« Wakeup radio signal contains enough power to trigger a wakeup
process

Sensor node \/ p Y .
Wakeup Radio
Vo CPU Wakeup Radio Other Modules Module |
of the Sensor ) .
\/ Device Main Radio
Flash RAM Main Radio Module

Fig. Use of a separate or common antenna for wakeup radio
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Wakeup Radio Concept

« Two kinds of wakeup radio can be used

— Passive wakeup radio:

 Ultra low-power detector/receiver that uses energy from the wakeup
signal and triggers on the main circuit

« Can be implemented in endpoints

— Active wakeup radio: Lﬁﬁ D

« Can receive and send wakeup radio signal o P o I
« Uses internal power —™M !
« Can be implemented in coordinator/endpoint é
[ w5 :
Fig. Simple wakeup circuits =
fc-gudm Amplifier
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Wakeup Radio for Downlink Communication

« Wakeup radio can be adopted in a LECIM for downlink communication

« Coordinator can use wakeup radio transceiver and end device can use ultra low
power wakeup radio receiver

« A coordinator can send wakeup radio signal to wakeup a sleeping endpoint
whenever required

« Once an endpoint is awake, the communication can be completed using any of
the MAC mechanism adopted for LECIM

Coordinator Endpoint

{ Wakeup Radio

Coordinator Resoyrce
allocation & -

Endpoint Data
Y communication
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Downlink Communication using Wakeup Radio

Sleep mode
{Main Radio OFF)

I Y

essage detected?

No

[ Decode Wakeup Packet J

Broadcast
message

Yes

Wake up the Main Radio ]

Y

Start Downlink Communic aliun)

Fig. Flow chart
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Wakeup Packet

« Wakeup radio can be used to unicast or broadcast downlink data
« A wakeup receiver address can use the network id of the endpoint for

unique identification

« Addressing can be set to support unicast or broadcast
« A typical wakeup packet can be as shown below

Preamble

SFD

Addressing

CRC

SHR

Payload

FCS

Fig. Wakeup packet

Submission

Slide 11

Inha Univ/ETRI



January. 2012 doc.: IEEE 802. 15-11-0027-00-004k

An example Downlink Data Transfer using Wakeup Radio

The data transfer from coordinator to an endpoint

Instead of waiting for endpoint to wakeup, coordinator wakes it up using wakeup radio
The endpoint wakes up and sends Ack message

Coordinator sends the beacon

Endpoints grabs the beacon and synchronizes to superframe

Coordinator sends the data to the endpoint
Endpoint sends Ack message

Coordinator > Endpoint

|
| « Endpoint sleeping
|
|
|

Wakeup Radio  ———

« Endpoint is awake

ag—— Acknowledgment

Beacon to synchronize ———p»
Once an endpoint is awake we can use

any preferred mechanism to transfer data Data >

Acknowledgment ————»
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Emergency Handling using Wakeup Radio

« Wakeup radio can be used to handle emergency situation
« The wakeup transceiver can respond immediately with minimal delay

« Use of wakeup radio can save power compared to contention based
mechanism

« A wakeup radio uses fraction of the power compared to the
conventional methods used in such a network
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Emergency Handling using Wakeup Radio

« Anendpoint needs to be equipped with wakeup transceiver

« The data transfer from endpoint to coordinator in emergency case
— On detecting emergency event, the endpoint triggers itself ON
— It sends a wakeup signal to the coordinator and waits for beacon
— Endpoints grabs the beacon and synchronizes to superframe
— Coordinator sends the data to the endpoint

i Coordinat Endpoint
— Endpoint sends Ack message coramator H ndpoin

| |
| | « Endpoint sleeping
|

Emergency event occurs

« Endpoint wakes up

rf—— Wakeup Radio

Beacon to synchronize ———p»

— Data

Acknowledgment ————»
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An example Uplink Data Transfer using Wakeup Radio

« On-demand data transfer from endpoint to coordinator

— If a coordinator requires data from an endpoint before its schedule, wakeup radio can be
used

— Coordinator sends wakeup radio to endpoint
— The endpoint wakes up and sends Ack message
— Coordinator sends the beacon to synchronize and allocate resources

« A data request message can be piggybacked in the beacon
— Endpoint sends data to the coordinator cOordmatorH Endpoint
— Coordinator sends Ack message

|
| « Endpoint sleeping
|

Wakeup Radio ————

« Endpoint is awake

l—— Acknowledgment

Resource Allocation gy
using Beacon

- Data

Acknowledgment ————P»
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Conclusion

« Downlink in LECIM is used for network management

« \We present and optional radio triggered wakeup
mechanism for downlink communication in LECIM

network

 Additionally wakeup radio can be used to initiate
emergency and on-demand data communication

« Wakeup radio can be used with little extra cost to the
system
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The End

Thank You
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Wakeup Radio
Transceiver

Wakeup Radio
Module

_>

LNA

Threshold

Comparator

Output Triggers
the MCU ON

Main

Transceiver

>

Address >
Decoder

MCU

Fig. A low power wakeup radio structure for LECIM
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