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Improved Slotted CSMA Backoff Technique for Ensuring Data
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Abstract

Recently, Aol has been adopted as a performance metric for the timeliness of information collected by sensors in
wireless personal area networks. It is calculated as the difference between the time when information is collected
from the sensor node and the time when data is received from the destination. Existing centralized scheduling
techniques have attempted to minimize the average Aol of the entire system by allocating timeslots according to the
time when data is generated at each source. However, they have difficulty estimating the exact sampling start time of
each source, ultimately increasing the average Aol. To solve this problem, this paper proposes an improved slotted
CSMA/CA backoff technique. The paper conducted a performance evaluation through the ns-3 network simulator, and
the average backoff period decreased by about 63% compared to the existing backoff techniques.
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Algorithm 1. Original back-off mechanism
Initialization:

19 m_macMaxBE < 5

2. m_BE < m_macMinBE

Function: PImeCcaConfirm(LrWpanPhyEnumeration
status)
11 m.BE = min((m_BE + 1), (m_macMaxBE))

Function: RandomBackoffDelay()
1: upperBound < pow(2, m_BE) - 1

2. m_randomBackoffPeriodsLeft =
m_random(0, upperBound + 1);
3 randomBackoff =

Seconds((m_randomBackoffPeriodsLeft
Irwpan::aUnitBackoffPeriod) / symbolRate)

il
oty 1A, 7] We 2 A4(m BE)E H4 MO
A9m macMinBE)7}  opbd  FHj o= A
(m_macMaxBE)E AAs}1 W Qo x X]‘/F HE|ES
A MZ Ao M Aol #S W Froz HAS
t} ol& Woux 4FE Es upperBound(2 A
m BE)E A4ty wox 77ks ddsith olE
53l ZF =5% 0 ~ upperbound + 1 Afo]] ;Y
HT 77k ST the- 919 upperBound
AR MAUSS AUS PE AAsk A 2%
pseudo code FEE FHZH Zlojth

upper Bound = 255 — 1 2)

Backof f PeriodsLeft
= Random (0, upper Bound +1)

e daelEe A, Aol® Fol AFHORE
S7Fte] Aol k8 zfo|7h A& Adol|A 2A|ET
of we} 7]& WMoz wiAYSZ HI| Aol e 7
AT BEARE, Aol #ke Apol7t E AdSellA=
A 2AELY Aol AstEWe WAUS 2
£ A g dAUSY g, WMoz AF
AAL FY3ht upperBoundE BE * BEZ AA S
ok o]ZH4 Aol #9 Ael7b F Afole dd o

AUE 29 2AERY Awol HAUF ol ¥
dl S7HEE Bt "de2 9o wAYES 4
(3)¥ pseudo code FElE FAUZ Zolth

upper Bound = BE X BE (3)

Backof f PeriodsLeft
= Random (0, upper Bound )

Mechanism 1. proposed scheduling mechanism 1

Initialization:
1: m_macMaxBE < ...
2: m_BE < m_macMaxBE

Function: PlmeCcaConfirm(LrWpanPhyEnumeration
status)
11 m_upperAol < GetMac()->GetAolMac()

2 if m_upperAol <= m_macMaxBE then

3; m_BE = max((m_macMinBE),
(m_macMaxBE - m_upperAol))

4: else then

5 m_BE = m_macMinBE

Function: RandomBackoffDelay()
1: upperBound < pow(2, m_BE) -

2: m_randomBackoffPeriodsLeft =
m_random(0, upperBound + 1);
3 randomBackoff =

Seconds((m_randomBackoffPeriodsLeft «
Irwpan::aUnitBackoffPeriod) / symbolRate)

Mechanism 2. proposed scheduling mechanism 2

Initialization:
1: m_macMaxBE <« ...
2: m_BE < m_macMaxBE

Function: PlmeCcaConfirm(LrWpanPhyEnumeration
status)
11 m_upperAol < GetMac()->GetAolMac()

2: if m_upperAol <= m_macMaxBE then

3; m_BE = max((m_macMinBE),
(m_macMaxBE - m_upperAol))

4 else then

5 m_BE = m_macMinBE

Function: RandomBackoffDelay()
1: upperBound < m_BE * m_BE

2: m_randomBackoffPeriodsLeft =
m_random(0, upperBound);
3 randomBackoff =

Seconds((m_randomBackoffPeriodsLeft *
Irwpan::aUnitBackoffPeriod) / symbolRate)
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Table 1. Simulation parameters

Parameter Value
Beacon order 14
Superframe order 14
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IncAolMac interval (us) 100 ~ 1000

CwW 2

Data packet size 5 bytes
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Table 2. Backoff parameters

Parameter Value

macMinBE 2

macMaxBE 275
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A Seconds(2.930) A Seconds(2.930)
B| Seconds(2.931)
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