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Application Layer (APL)

Application Zigbee Device

Application

Framework Object Support Sub-layer

Network Layer (NWK)

Security Message Routing
Management Eroker Management

Network
Management

Medium Access Control (MAC)

beacon mode
non-beacon mode
Slotted CSMAICA
w

Physical Layer (PHY)

2.4 GHz/250 kbps 915 MHz/40 kbps

868 MHz/20 kbps

e

' 0(%%

Defined in the
; ZigBee Specification

Defined in the
> IEEE 802.15.4 Standard
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Demand Response
Net Metering, AMI

Security
SCADA

HVAC "
AMR -

Lighting Control [
Access Control AUTOMATION

ENERGY MGT.
& EFFICIENCY

Patient
monitoring
Fithess

monitoring PERSONAL

HEALTH CARE

TELECOM
SERVICES

Asset Mgt
Process Control
Environmental
Energy Mgt

M-commerce

Info Services
Object Interaction
(Internet of Things)

R

CONSUMER
SH=epiiel o Remotes

ZigBee'Alliance
Wireless Control That Simply Works

TV

VCR
DVD/CD
Universal

Mouse

PERIPHERALS

$ %

Keyboard
PC & Joystick
Security
HVAC

Lighting Control
Access Control
Irrigation
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Wireless Control That Simply Works

= o = Marketing Technical = > Testing Certified Spec
ENIRACIRSERN S AN e B documents Reguirements Documents devices  availability LOgOn
()
Smart energy Complsted Completed Completed Completed YES YES
: ) . £
Home Automation Complsted Completed Completed Completed YES YES
Telecom Applications Completed Completed Testing Phaze  In progress |- - Teecom

Commercial buildings Completed Completed Testing Phase | In progress |- -

Health Completed  Completed Testing Phase In progress - - @

0+, <? #3$%%

" # $ % &



2y " 4

20 s | NN oo

+0 3 (+++ 6$#71879 L #33F)

#' (THI$H!)
Ry (< 7 +*H$S$) \
- . 6:6"%!8 ED - - 40 Kbps

< << I$$ #8% * M
g "] (< 7 &4*#$$")
# EG

$C L - < - -

- < 'o-
g -

- < FI9F! ED 9F$
9F9 ED "% "6" ED

J "1&
.- B - 250 kbps
6$#71879 #$$: << %8% ED %8: ED
<
d "%
- -34 .. 7-7 -+% % =

> 999 %%%./ +0 " ?1% , 3

Amaerica
Australia

Ch 21

Ch 23
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2)* noong

868 MHz/ Channels 140 1+
Ch 10 I
915 MHZ e \
PHY ﬂ
} ) hj - ) America
868.3 MHz 902 MHz 928 MHz 40 kbps M \ustralia
2.4 GHZ
PHY 5 MHz
Channels 11-26 ;‘ “=
240'0 MHz M 2483.5 MHz
2 MHz
Frequency | Spreading Parameters Data Parameters
Band
(MH2)
Chip Modulation | Bitrate | Symbol rate | Symbols {dwi
rate (kbps) | (ksymbol/s) 250 kbps R 2400 MHz Worldwide
(kchip/s) Ch 20
868 300 BPSK 20 20 B?nary Ch 21
915 600 BPSK 40 40 Binary Ch 22
2400 2000 0-QPSK 250 62.5 16-ary Ch 23
Ch 24
Ch 25
Ch 26
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2)* "ok "

= 2 : & » Three states: transmitting, receiving or sleeping.
&% - 2 1. % » the radio is turned ON or OFF (the turnaround time from
, , J send/receive and vice versa should be no more than 12 symbol
+ & ,+ -% 2%+ periods)

06-90 290+ 90+07 - Eﬁgm%tlion of the received signal power in an 802.15.4

%,%-, @ A 7 » No signal identification or decoding on the channel.

« characterizes the Strength/Quality of a received signal on a
link.

* LQI can be implemented using the receiver ED technique, a
signal to noise estimation or a combination of both techniques.

# $ % & *



2)* "ok "

» Reporting medium state: busy or idle.
e Three operational modes:

0 0) *Energy Detection mode. busy if received energy is above a given

3 A) + A)B threshold.
0) 0 *Carrier Sense mode. busy only if it detects a signal with the modulation
o %, ) ooy g

and the spreading characteristics of IEEE 802.15.4 and which may be
higher or lower than ED threshold.

@ A eCarrier Sense with Energy Detection mode.  busy only if it detects a
signal with the modulation and the spreading characteristics of IEEE
802.15.4 and with received energy above the ED threshold.

%3

B +%C % -7 etune its transceiver into a specific channel upon the reception of a request

from a Higher Layer.
%3%-,
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Non Beacon Enabled

Superframe

Unslotted CSMA/CA

/\

Contention Access
Period
(Without GTS)

Slotted CSMA/CA

Contention Access/
Contention Free Periods
(With GTS)

Slotted CSMA/CA
|/ Slot Allocations
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\ Fenad
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Beacon

+p

Inactive
Period

0123456 78 910111213 1415

D = aBaseSuperframeDuration * 2 *° Symbols

- _.

(Active Period)

Bl = aBaseSuperframeDuration * 2

59 Symbols

| S

T_'_l_m_

ZBO

BI =aBaseSuperframeDuration -
for 0<BO <14

SD =aBaseSuperframeDuration - 2°°
for 0S50 <BO <14
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Step (1) L
Y
A
BE=macMinBE

Batterylife
Extension?

BE=min(2,macMinBE)

Y

Delay for random(25E-1) unit
Step (2) backoff periods

Perform CCA

N

BE=macMinBE

Locate Backoff
Period Boundary

Step (3)

Y
Delay for random(2”-1) unit

Step (2) backoff periods
h
Step (3) Perform CCA on backoff period NB=NB+1
L Step (4) | BE=min(BE+1, aMaxBE) |

Step (5)

undary
Channel ~__Y NB>
Idie? macMaxCSMABackoffs
N
Step (5)
Y

CW=2, NB=NB+1
Step (4) | BE=min(BE+1, aMaxBE) o
( Abort ) ( Transmit )

NB>
macMaxCSMABackoffs
Y

Abort
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1 Period
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Unacknowledged transmission! Acknowledged transmission
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~ DataFrame IFS Mﬁw';;bm( Wﬁl’

TS : GTS duration, ! - T |
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‘Arrivals (bits) 1 Seryice Curve /:
! of 3 GTS !
i " Raors |
! T :
I Ts % /T :
: B R |
E Taata Tidle s - Se:rvice Curve i
| % = i of 2 GTS !
; f-=~~ —_——
___E_ L . )i’ = “Raers i
- I :
e ~~  Seryice Curve !
[ & __Of1GTS !
D"max: .......................... : /i 1 1
g | b )
7 —T T R Toaa?C _ TS -T,
= i | R, = nx data =n x ide &
\ ! Time (sec) Bl Bl
: BI-3Ts  BI-2Ts  BI-Ts ! |
-—————— T T > ———————— B_I ———————— —vq———B—I—-— Tn = Bl - nXTS
2 ' ' 2 b ( )
stair _ b Dy max = —— +(BI - nxTs)
Dn,max_ E"'(k +1) Bl -n %TS +K 3Elata) m -Fale ' Rn

b- kx(nya,) €
Tdata C

if K>XC &n Hya) b (K 13 O x Tas)
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16 GTS Guaranteed Bandwidth
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DUty CyCIe =1 \ O Guaranteed Bandwidth B Wasted Bandwidth due to IFS \
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1600 -
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400
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