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Introduction

| 8 Ohe?of the fundamental reasons for the IEEE 802.15.4
~standard Medium Access Control (MAC) inefficiency is
~overhead.

- "QWithin IEEE 802.15.4, the possible use of RTS/CTS, by
itself,” facilitates packet concatenation and leads to
performance improvement.

Q In the presence of RTS/CTS two solutions are considered,
one with DATA/ACK handshake and other with no ACKs,
simply relying in the establishment of the NAV
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‘QBy con3|der|ng IEEE 802.15.4 basic access mode with
RTS/CTS combined with the packet concatenation feature
~we improve channel efficiency by decreasing the deferral

~ time before transmitting a data packet.

“& We- p’rOposé two innovative mechanisms to reduce the
~ overhead from IEEE 802.15.4 non-beacon enabled
~networks, i.e., block acknowledgment (BACK) and

piggyback.
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State of the Art for WSNSs

l Protocol Requirements l
' WSN

[ Support J Energy Consumption [ Self J Node

Scalability Minimization Configurability Characteristics

Node Parameter CC2420 CC2520 AT86RF231 \

Radio [GHz] 24 Manufacturer
Modulation O-QPSK Hardware
Psleep [MW] 0.000063 | 0.00009 0.00006 Timing
PRreceive [MW] 56.4 555 36.9 Constraints
Prransmit [MW] 52.2 77.4 34.8 /
Data Rate [kb/s] 250 /
rxSetupTime [us] 1792 1792 400 IEEE 802.15.4
¢ ccaDetectionTime [us] 128 -
vs|  ccaTime [ps] 1920 | 1920 | 528
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IEEE 802.15.4 MAC Channel Access

i Clear Channel Assessment ‘

[ Channel BUSY] [ Channel IDLE ]
NB =%B + 1 NB =0
cwyp = [2PFi—1] cwyp = [2BEi—1]
BE; = 3,
chB—15<::I BE, =4 ,i=1 |:>ch3—7
BE; =5 ,i>2
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IEEE 802.15.4 MAC Channel Access
QIEEE 802.15.4 at the Best-Case Scenario (no collisions)

macAckW aitDuration = LastSymbol + aTurnaroundTime
+ phySHRDuration + [6 X phySymbolsPerOctet |

Description Symbol

. . . TX/RX or RX/TX T
macAckWaitDuration = 1 + 12 + 10 + [6 X 2] switching time SN B
= 35 symbols Duration of the
=35 X 16 Us = 560 Us synchronization
header (SHR) in phySHRDuration

symbols for the

I - current PHY

CW CCA Trp DATA ACK IFS The number of

symbols per octet for
uBl the current PHY

Covilha
Portugal

phySymbolsPerOctet
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IEEE 802.15.4 MAC Channel Access
A IEEE 802.15.4 at the Best-Case Scenario (no collisions, BE=3,

CWmax:7)

_ cWwW,
CWipgr = RFE-1) | =) | W = < ;nax> XTgo | Tpo = 320 us

Tpara =8 X

Ly puy + Ly mac tLpara

R

Ly pyy +Lack
R

TACK == 8 X

Maximum Average Throughput

. BLoara
M (CW + ccalime + TTA + TDATA + TTA + TACK + TIFS)
Minimum Average Delay
B{/) Dmin = (W + ccalime —+ TTA + TDATA + TTA + TACK + TIFS)
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Sensor Block Acknowledgment — Medium Access
Control (SBACK-MAC) Protocol

| ' The Block Acknowledgment (BACK) mechanism was
previously introduced in the IEEE 802.11e standard.

Q The SBACK-MAC allows the aggregation of several
acknowledgment (ACK) responses Iin one special frame
called BACK Response.

AGGREGATION
~
~~ ~~
BACK PIGGYBACK
N— N—
' Energy consumption will be greatly reduced because it is not
%@ needed to transmit and receive several ACK control packets
(one for each data packet) which would lead to an extra
energy waste. instituto de
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SBACK-MAC — State Diagram

[& ______________ T _____________ devault________;(—l

default

BACKOFF_2

TRANSMIT
ACK_9

CCA_COMPLETE &&
MEDIUM FREE

CCA_COMPLETE &&
MEDIUM FREE

ACK SIFS TIMEOUT DATA TRANSMISSION COMPLETE

TRANSMIT RETURN TO IDLE
ERFORM BACKOFF

CTS_10 RTS TRANSMISSION COMPLETE | |
RTS ADDBA REQUEST TRANSMISSION COMPLET)

CTS SIFS TIMEOUT ||
CTS ADDBA RESPONSE SIFS TIMEOUT

ACK RECEIVED ||

RETURN TO
RETURN TO IDLE RETRANSMIT DATA PACKET

IDLE

BACK REQUEST TRANSMISSION COMPLETE TYPE_OF_ACK_REQUEST

RETURN TO IDLE

Pl

CTS RECEIVED || CTS ADDBA Response RECEIVED default
RETRANSMIT RTS PACKET ||
RETRANSMIT RTS ADDBA REQUEST

PERFORM SIFS ACK_POLICY_13

WAIT_BACK

BACK RESPONSE RECEIVED | |
RESPONSE_7

RETRANSMIT BACK REQUEST

BACK RESPONSE SIFS TIMEOUT SLEEP_SCHEDULE==TRUE ||

NAV_SLEEP_SCHEDULE

)
)

default

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
BACK PIGGYBACK
|
|
|

SLEEP TIMEOUT
RETURN TO IDLE |
FROM ALL \/ \/
TRANSMIT BACK STATES )
RESPONSE_11 | default
= J
UBlI
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SBACK-MAC - Block ACK Sequence

q SBACK-MAC with BACK Request (concatenation)

DATA 1 DATA n

' SBACK-MAC with no BACK Request (piggyback)

JTTW T ] i |

DATA 1 DATA n

RTS CTS DATA IFS BACK BACK “ZAC
ADDBA ADDBA Request Response
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SBACK-MAC - Block ACK Sequence
‘q SBACK-MAC with BACK Request

_ 8 Lpara
(CW + (ccaTime +Try +Trrs,pppa T H1))/1

Sm

Dmin = (W + ccaTime + TTA + TRTSADDBA + Hl)/n

Maximum Average
Throughput

Minimum Average
Delay

Hi = Tra + Ters apppa + 1 X (ccaTime +Try +Tpara +Tra +Tips) +
+ccaTime + TTA + TBRequest + TTA + TBResponse + TIFS

Description Symbol

Time delay due to CCA
TX/RX or RX/TX switching time
RTS/CTS ADDBA transmission time

BACK Request/ BACK Response transmission time | Tgrequest ! Teresponse

ccalime

TTA

TRTS_ADDBA / TCTS_ADDBA
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SBACK-MAC - Block ACK Sequence
QN SBACK-MAC with no BACK Request

B 8 Lpara Maximum Average
(CW + (ccaTime +Trg +Trrs,ppps + H2))/M Throughput

Sm

Dpin = (CW + ccaTime + Trg + Trrs,pppa + H2) /1 Minimum Average

Delay

Hy = Trg + Ters apppa + [(n — 1) X (ccaTime +Try +Tpara +T74 +Tips)]
+ccaTime + Trg + Tpara + Tra + Teresponse + Tirs

Description Symbol

Time delay due to CCA ccaTime
TX/RX or RX/TX switching time Ty
RTS/CTS ADDBA transmission time Trrs appBa ! Ters apppa
BACK Request/ BACK Response transmission time | Tgrequest ! Teresponse
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SBACK-MAC - Block ACK Sequence
QIEEE 802.15.4

» t

/// Backoff |CcA| Tr, DAlTA Ta AfK IFS /// Backoff [CCA| T, DAnTA Ta AEK IFS
I SBACK-MAC with BACK Request
Backoff Backoff no Backoff
I no Backo ‘ no Backo I
/// Backoff |CCA | Trnl abvon | Tral asoss | CCA| T1a DA1TA Ta| 175 [0 o efcca| Ty| 2T [Tl Fs |cca| Tpy Rzg&gst Tp | ronck | 1Fs

& SBACK-MAC with no BACK Request

—— no Backoff

no Backoff

AN CCA reports IDLE or

BUSY to the PHY layer

/// Backoff [CCA

TTJ

RTS
ADDBA

TTA

CTs
ADDBA

CCA

TTA

DATA
1

TTA

IFS

DATA
" En CCA LTT A

n

TTA

BACK
Response

IFS

> {

CCA reports IDLE or

BUSY to the PHY layer
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Throughput Comparison of IEEE 802.15.4 and SBACK-
MAC with and without BACK Request

120

100

Smax (kb/s)
3

8% - 13%

InAroncon

nmieicaosc

17% - 25% aa@

= |EEE 802.15.4 with DATA/ACK
- SBACK-MAC with BACK Request
-+~ SBACK-MAC with no BACK Request

20 40

60 80 100

Payload Size (B)

1st Workshop - CREaTION Project (EXCL/EEI- TEL/0067/2012)

17 November 18, 2013/ Covilha, Portugal &




End-to-End Delay Comparison of IEEE 802.15.4 and
SBACK-MAC with and without BACK Request

x 10”

8 .
E/B/B/B
BEEM s
=Rt e
BE/E/E/E/E/B ,o*OOO/

7 AﬂRE/B/ 0 oo ‘ Q
~~ e 0o O
U) = 0O
c e S Reduction
~— 17% - 25% ?EVE»BBBE Ooo"w

Dadii~tinn = oo

% 6 neaueton e s : =

ol

= |EEE 802.15.4 with DATA/ACK
- SBACK-MAC with BACK Request |
~SBACK-MAC with no BACK Request

20 40 60 80 100
Payload Size (B)
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Frame sequence with retransmissions

& IEEE 802.15.4 If there is no ACK reception
the backoff procedure is repeated

Channel is found to be idle o
following the random backoff Retransmission
| A\
/// cwo=g [eeal Try| P77 | Try| 2K | s /// cwosg [ooA| Tra| P [ Tral A5 | s
-t

| " L
Repetition of the process of transmitting the data

& SBACK-MAC in the presence of BACK Request

e Retransmission There is extra time to transmit more packets
ACK( ‘ no Backoff no Backoff
Y \ 4 Y 3

//// CcWo=8  [CCA| Trp| B0, | Tra|asisa |cca| Tra y Tia|Fs| wwn fecal Tyl PA™A | Tl Fs [cca| Ty Rigf;t Tra| nitnonee | I7S |GCAl Tra| P4 | Tra|1Fs /

/ \ >t
& SBACK-MAC in the absence of BACK Request

Retransmission There is extra time to transmit more packets

no Backoff ‘
A \

no Backoff v
4 \ .
— RTS CTs iy DATA BACK DATA
CCA| Trp | atisa| Tral acisa [cca| Tra y Tralrs| www |eeA| Tra| 707 | Tralronone| FS [CCA[ Tra| P57 | Tra| Fs
>t
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Conclusions
“Aln this work we propose two innovative mechanisms to

'~ reduce the overhead of IEEE 802.15.4, i.e., block
~~acknowledgment (BACK) and piggyback.

| _‘&The channel efficiency is improved by using this Block
- ACK mechanism that aggregates several ACK into only
one.

A Our study shows that the proposed aggregation schemes
greatly improve the network performance Iin terms of
throughput and end-to-end delay.
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Conclusions
Qn the context of Cognitive Radio (CR):

EIThe SBACK-MAC protocol allows for decreasing the
“end- to-end delay whilst increasing throughput of the
-SUs, by decreasing the data transmission time.

These extra time can be used to increase the sensing
phase enabling for decreasing the number of packet
collisions between SUs.
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Thank you,
Questions are Welcome

uBl
Covilha
Portugal

instituto de
telecomunicagdes

1st Workshop - CREaTION Project (EXCL/EEI-TEL/0067/2012)



