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Low Power Wide Area Network (LPWAN)
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• LPWAN main critical factors:
• Network architecture
• Communication range
• Battery lifetime or low power
• Robustness to interference
• Network capacity (maximum number of nodes in a network)
• Network security
• One-way vs two-way communication
• Variety of applications served

• Examples: LoRaWAN, SigFox, NB-IoT, Weightless
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Long Range WAN (LoRaWAN)
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• LoRa modulation:
• Chirp Spread Spectrum
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Long Range WAN (LoRaWAN)
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• LoRaWAN Architecture:
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PLC Prime



Long Range WAN (LoRaWAN)
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• LoRaWAN Protocol Stack:
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Long Range WAN (LoRaWAN)
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• LoRaWAN Classes of End Devices (EDs):
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Long Range WAN (LoRaWAN)
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• LoRaWAN Transmission for Class A ED:
• RX1 frequency and data rate are functions of uplink frequency and data 

rate.
• RX2 uses fixed configurable frequency and data rate.
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Long Range WAN (LoRaWAN)
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• LoRaWAN Performance:
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Long Range WAN (LoRaWAN)
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• LoRaWAN Performance:
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NB-PLC: PLC Prime



PLC Standards and Typical Applications
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PLC Channel Impairments
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• Attenuation with distance:
• 𝑃" 𝑑𝐵𝑚 − 𝑃' 𝑑𝐵𝑚 = −𝛼 * 𝑑 𝑘𝑚
• 𝛼 ≅ 40−80 dB/km

• Background noise / interference

• Impulsive noise
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PLC NAN for AMI
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PLC PRIME
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• PRIME = PoweRline Intelligent Metering 
Evolution.

• PRIME Alliance consortium manages PLC 
Prime development, evolution and 
certification.

• Defined in Recommendation ITU-T 
G.9904.

• Current version is PRIME 1.4.
• Uses Orthogonal Frequency Division 

Multiplexing (OFDM).
• Operates in the CENELEC A&B-Band and 

FCC band (41.992 kHz - 471.679 kHz).
• Modulations: DBPSK, DQPSK, D8PSK.
• Integrates Contention-free operation 

and CSMA/CA with priorities.
• Data rates as high as  40kbps-1Mbps.
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PLC PRIME
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• PLC PRIME tree topology:
• Base Node (BN) manages registration and CFP resource reservation
• Service Nodes may operate as Terminals (leaf nodes) or be promoted to Switch Nodes
• Switch Nodes relay traffic to/from other nodes
• For multilevel CFP transmissions, BN allocates transmission time windows in all levels

Based on Julio Corchado et al., “Application-layer Performance Analysis of PRIME in Smart Metering 
Networks”, IEEE International Conference on Smart Grid Communications (SmartGridComm), 2016 
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PLC PRIME
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• State machine of a PLC PRIME node:

• Structure of a PLC PRIME frame:
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PLC PRIME
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• Detailed frame structure (Generic PDU):

PREAMBLE HEADER PAYLOAD

2.048ms 4.48ms Mx2.24ms
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PLC PRIME
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• Detailed frame structure (Promotion Needed PDU):

PREAMBLE HEADER PAYLOAD
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PLC PRIME
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• Detailed frame structure (Beacon PDU):
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