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Delay Time Analysis of Asynchronous CSL Mode MAC in
Wi-SUN
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Abstract In recent years, research on smart factory wireless mobile communication technology that
wirelessly remotely controls utilities is being actively conducted. The Wi-SUN(Wireless Smart Utility
Network) Alliance proposed Wi-SUN protocol structure suitable for building a platform such as a smart
factory as a new wireless communication standardization standard based on EEE802.15.4g/e. It analyzes
the performance of the IEEE802.15.4e CSL(Coordinated Sampled Listening) Mode MAC(Media Access

Control) in terms of latency and looks at considerations for efficient operation.
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Table 1. Categories of Wi-SUN

Category (2) Wide area open space
communication

(b) Wide area urban area
communication

(c) Wide area mobile
communication

Applications + Sensor, meter and/or
monitor network for
Energy management,
Agriculture, disaster
prevention, animal
husbandry, and so on

* Information distribution, digital « Collection of sensing data

signage to building and store from vehicles such as car and
« Sensing and monitoring for building bus

and store (smart city) * Control and management of
« Sensing and monitoring from vehicles

smartphone via Wi-SUN router

Frequency , Typical Sub-GHz bands (mainly 800-900 MHz bands),
datarate 50,100,150 kbps

AP:20 mW, 250 mW. AP:20mW, 250 mW

Transmission AP:20 mW, 250 mW

power Terminal: 20 mW Terminal, router: 20 mW Terminal: 20 MW
Antenna AP TX: Compliant with regulation in each region
configuration AP RX: Multiple antennas. Diversity reception may be used.
Terminal: Compliant with regulation in each region
Antenna height >am
Coverage area 1km-S km 100 m-2 km 100 m-2 km

Radio propagation | Line-of-sight Non line-of-sight Non line-of sight

Path-loss model | Okumura-Hata model

Walfisch-lkegami model Walfisch-Tkegami model

Fading model Multipath fading Multipath fading (e.g. GSM typical urban (TU) model)

Terminal radio Fixed installation Basically fixed installation Installation in vehicle
devices Vehicle speed: 40-80 km/h

Multi-hop support May be needed to extend its coverage area and/or to keep high reliability.
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1. |IEEE802.15.4¢™

IEEE 802.15.4g%= IEEE 802.15.49] 74 A< 3
ozttt F& AQ| A& dojg FA AntE nEY §Y
e YEYI 37 AFGE siagith oA PHY € +
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H 2. IEEE 802.15.4g HZX ¥ Foi
Table 2. IEEE 802.15.4g modulation and frequency

Frequency Modulation Bit rate Channel Total Number Modulation
band (MHz) (kbps) Spacing (kHz) | of channels index
470-510 Filtered 2Fsk* 50 200 199 10
(China) Filtered 2Fsk 100 400 99 10
Filtered 4FSK 200 100 99 0.33
779.787 Filtered 2Fsk* 50 200 39 10
(China) Filtered 2FSK 100 100 19 10
Filtered 4FSK 200 00 19 033
863.870 Fillered 2FSK* 50 200 34 10
(Europe) Filtered 2FSK 100 400 17 10
Filtered 4FSK 200 100 38 033
902.928 Filtered 2FSK* 50 200 129 10
wsi Filtered 2FSK 150 400 64 05
Filtered 2FSK 200 400 64 05
917-9235 | Filtered 2FSK* 50 200 32 1.0
[Karea) Filtered 2FSK 150 400 16 0s
Filtered 2FSK 200 100 16 0.5
920-928 Filtered 2FSK* 50 200 38 10
(tapan) Filtered 2Fsk* 100 400 18 10
Filtered 2FSK 200 500 12 10
Filtered 4FSK 400 500 12 033

* denotes mandatory transmission mode.

IEEE 802.15.4g= multi-rate and multi-regional
(MR-) FSK, MR-offset QPSK 18]1 MR-OFDMS]
Al 7FA] PHYZ A&stt};. PHYOIA MR-FSK& 7F%
4383} | PHYOIt}.
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Fig. 1. Send/Receive timing diagram in IEEES802.15.4
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Fig. 2. Send/Receive timing diagram in CSL mode
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parameter value

R(I,t(i 250Kbps

T (propagation delay)

lus

LSHR (SB) lGOus
L PHR (l B) 3 2us
t 12symbol (192us)

ack <t < 328ymbol (512ps)
LIFS 40 symbol=640us
SIFS 12 symbol=192us
‘macMaxCSMABackofts 2
macMin BE 3
macMax BE 5
Backof fSlot_Time 20symbols=320us
Lor 450ms
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twak‘eupsequence sy = t(lSZ

tmrricrscnsc (s
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