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Cellular Network Generations

qIt is useful to think of cellular Network/telephony 
in terms of generations: 
q0G:  Briefcase-size mobile radio telephones
q1G:  Analog cellular telephony
q2G:  Digital cellular telephony
q3G:  High-speed digital cellular telephony (including 

video telephony)
q4G:  IP-based “anytime, anywhere” voice, data, and 

multimedia telephony at faster data rates than 3G
q5G: more throughput, smaller latency, M2M, IoT,…
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Evolution from 2G
IS-95 IS-136 & PDCGSM-

EDGE

GPRS

HSCSD
IS-95B

Cdma2000-1xRTT

Cdma2000-1xEV-DV/DO

Cdma2000-3xRTT

W-CDMA
EDGE

TD-SCDMA

2G

3G

2.5G

3GPP3GPP2

Also called 
UMTS

1xRTT: 1 times Radio Transmission Technology
EV-DO: Evolution Data Optimized
EV-DV: Evolution Data and Voice 

Evolved 
EDGE
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CDMA

q Allow usage of the whole bandwith for each 
end-user

q Orthogonal spread spectrum code



5

(some) key technologies
Higher order modulation and 
adaptive modulation

Multiple antenna systems, MIMO

Multi-flow/Cell system

Orthogonal Frequency Division Multiplexing 
(OFDM)
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MIMO - Multiple Input Multiple Output 
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OFDM
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beam forming on Massive MIMO
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3.5G (HSPA)

High Speed Packet Access (HSPA) is an amalgamation of two 
mobile telephony protocols, High Speed Downlink Packet Access 
(HSDPA) and High Speed Uplink Packet Access (HSUPA), that 
extends and improves the performance of existing WCDMA
protocols.
14 Mbit/s in the downlink and 5.76 Mbit/s in the uplink
3.5G introduces many new features that will enhance the UMTS 
technology in future. 1xEV-DV already supports most of the 
features that will be provided in 3.5G. These include:
- Adaptive Modulation and Coding (16-QAM & 64-QAM)
- Fast Scheduling (prioritizes users with the most favorable channel conditions)

- MIMO

INFO

http://en.wikipedia.org/wiki/W-CDMA_(UMTS)
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HSPA+

q Evolved HSPA (also known as: HSPA Evolution, HSPA+) is a 
wireless broadband standard defined in 3GPP release 7 
and 8 of the WCDMA specification.

q Provides extensions to the existing HSPA definitions and is 
therefore backwards compatible all the way to the 
original Release 99 WCDMA network releases. 

q Data rates up to 84 Mbit/s in the downlink and 10.8 
Mbit/s in the uplink (per 5 MHz carrier) with multiple 
input, multiple output (2x2 MIMO) technologies and 
higher order modulation (64 QAM). With Dual Cell 
technology, these can be doubled.

INFO
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1G 2G 3G 4G2.5G

CDMAone->CDMA2000
EGDE: Enhanced Data Rates for GSM Evolution
UMTS:Universal Mobile Telecommunications System (W-CDMA)

4G
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2G, 3G & 4G network architecture
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More throughput in near future!
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Cellular network standards INFO
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Communicating Objects
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LTE-M (Cat M1, LTE-MTC)

q 3GPP Extension of LTE (4G) for Machine Type 
Communication (MTC) to propose lower 
throughput (up to 1Mbps) and low-power 
operation

q No need to change much
hardware

q Can handle voice and
video

q Can handle mobility
(roaming inherited from
4G)
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LTE-M by Orange
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5G?

q A set of objectives, various technologies
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5G demo at ITU Telecom World'19
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NB-IoT (LTE Cat NB1)

q Narrow-Band IoT uses much smaller bandwitdh 
than LTE-M to offer very low-power operation 
mode to small devices

q Throughput up to 250kbps
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NB-IoT by SFR
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Optimizing for IoT

0.005mA

500mA 8s

3600s

2500mA
2500/1.11=2252h = 93 days

In most cellular networks, the device is still 
maintaining communication with BS even if it 

is inactive
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Wireless space – long range

Transmitting: TC/22.5/HUM/67.7 ; about 20 bytes with packet header
Time on air can be 1.44s with LoRa

Energy

Energy-Range dilemma

L
P
W
A
N
?

NB-IoT
LTE-M

2G/3G/4G

Long-range
Low-power
~40mA

Low throughput
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THE TRUE LPWAN REVOLUTION!

Theoretical capacity of 125kHz and 
2MHz radio channels considering a 
7.5dB NF receiver

433/868 typical Industry best 
class at 868MHz

LoRa SX1272 
at 868MHz

From Peter R. Egli, INDIGOO.COM
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Orange LoRa
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For France

https://www.orange-business.com/fr/reseau-iot
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LoRaWAN coverage from Semtech
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LTE-M vs NB-IoT vs LoRa vs SigFox?
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LoRaWAN IoT networks

⊙ LoRaWAN specifications/protocols run on top of LoRa physical 
networks. It is defined and managed by the LoRa Alliance

⊙ Make possible to run large-scale, public LoRa networks

https://www.lora-alliance.org/
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Undestanding LoRa vs LoRaWAN

⊙ The physical layer, thus the long-range radio technology, is 
called LoRa

⊙ A so-called 1-byte sync word is used to add a "filtering" level
⊙ You can decide to transmit using only the LoRa physical layer 

and then define our own packet format
⊙With pure LoRa you can transmit from any device to any other 

device with same LoRa datarate, frequency and sync word
⊙ LoRaWAN uses LoRa physical layer but defines its own packet 

format and uses sync word of 0x34 (public LoRaWAN)
⊙ "In LoRaWAN, a gateway applies I/Q inversion on TX, and nodes 

do the same on RX. This ensures that gateways can talk to 
nodes and vice-versa, but gateways will not hear other gateways 
and nodes will not hear other nodes" [LMIC Arduino]
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LoRaWAN gateway

⊙ A full LoRaWAN gateway should be able to listen on 
multiple channels and spreading factors

⊙ They are mostly based on the Semtech SX1301 radio 
concentrator
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LoRaWAN gateway software

⊙ Most of LoRaWAN gateways run the following software
⊙ the Semtech's concentrator gateway at the lowest level 

(https://github.com/Lora-net/lora_gateway)
⊙ The Semtech's LoRa packet forwarder on top of the low-level concentrator 

gateway (https://github.com/Lora-net/packet_forwarder)

⊙ "A LoRa packet forwarder is a program running on the host of a 
LoRa gateway that forwards RF packets receive by the 
concentrator to a server through a IP/UDP link, and emits RF 
packets that are sent by the server. " 

⊙ The server is the so-called LoRaWAN Network Server (LNS) as 
described in the next slides

⊙ The Network Server is usually linked to the Application Server 
which can be seen as a LoRaWAN cloud

https://github.com/Lora-net/lora_gateway)
https://github.com/Lora-net/packet_forwarder)
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LoRaWAN Network Server (LNS)

⊙ LNS manages the state of the network, has knowledge of 
devices active on the network and is able to handle over-
the-air-activation procedure (OTAA)

⊙When data is received by multiple gateways, the LNS can 
also de-duplicate this data

⊙When a message needs to be sent back to a device, the 
LNS forwards it to one of the gateways

⊙ Currently, each LoRaWAN network provider will have their 
own LNS
⊙ The Packet Forwarder run on deployed gateways needs to identify 

an LNS
⊙ Therefore users need to be "bounded" to a particular LoRa network 

provider because end-devices need to be registered
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TheThingNetwork (TTN)

⊙ Popular LoRa Network Provider
⊙ Provides the TTN Network Server

⊙ Community-based deployment of LoRa gateways
⊙ User A can buy a LoRa gateway, register it and deploy it
⊙ User B then creates an account on TTN to register its devices
⊙ Messages from registered devices received by a TTN gateway will be 

made available for users on the TTN console
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TTN user console

12AA34BB56CC78CC

xxxxxxxxxxxxxxxx

xxxxxxxxxxxxxxxx
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Wireless space – short range

Transmitting: TC/22.5/HUM/67.7 ; about 20 bytes with packet header
Time on air can be 1.44s with LoRa

Energy

Energy-Range dilemma

L
P
W
A
N
?

NB-IoT
LTE-M

2G/3G/4G

Long-range
Low-power
~40mA

Low throughput
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Bluetooth 802.15.1
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IEEE 802.15.4 in ISM 2.4GHz

• Low-power radio in the 2.4GHz band offering 250kbps
throughput at physical layer

• Power transmission from 1mW to 100mW for range from 
100m to about 1km is LOS

• CSMA/CA 
• BPSK, used as physical layer

in ZigBee
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IEEE 802.15.4 in ISM 2.4GHz

• Low-power radio in the 2.4GHz band offering 250kbps
throughput at physical layer

• Power transmission from 1mW to 100mW for range from 
100m to about 1km is LOS

• CSMA/CA 
• BPSK, used as physical layer

in ZigBee
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IEEE 802.15.4 in industry

802.15.4
(PHY & MAC)

CC2420 (TI)
Xbee (Digi)

MRF24J40MA (Microchip)

ZigBit AT86RF230 (ATMEL) 

OSI 3 & 4

OSI 2

OSI 1

duty-cycling
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Lower energy means shorter range!

q Shorter range means multi-hop to gateways
q Usually implemented with mesh networks

- Routing issues
- Medium Access issues
- Higher packet loss rate
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The benefit of IP

From ArchRock “6LowPan tutorial”

Don’t reinvent the wheel!
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Using IP protocols

End-to-end IPv6 connectivity.
UDP or CoAP can be used to 
transport sensor data in an 
HTTP-like fashion

IPv6 egde routerRPL

RPL

RPL
RPL

CoAPUDP
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IP need IP addresses!

q IPv4 has no more addresses!
q IPv6 gives plenty of addresses

q 128bit address=16bytes!
q 6LowPan adapts IPv6 to resource-constrained 

devices
q Compressed IPv6 header

40 bytes

7 bytes !
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The 6LoWPAN Format

q 6LoWPAN is an adaptation header format
q Enables the use of IPv6 over low-power wireless links 
q IPv6 header compression
q UDP header compression
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Addressing Example
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Internet for things

6LowPan
802.15.4

RPL
Routing Protocol for Low 
power & Lossy Networks

IPv4, IPv6

Internet Routing 
Protocols: RIP, OSPF, 
BGP,…

TCP, UDPUDP
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Internet for things

6LowPan
802.15.4

RPL
Routing Protocol for Low 
power & Lossy Networks

IPv4, IPv6

Internet Routing 
Protocols: RIP, OSPF, 
BGP,…

CoAP: Constrained 
Application Protocol

HTTP

TCP, UDPUDP
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CoAP/6LowPan/IEEE 802.15.4

IPv6

to actuators

IPv6

RPL routing

6LowPan
border router

get

ge
t

get

ack

ack

ack

Client/User-
initiated scenario 
(e.g. temp. sensor)
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RPL and CoAP exchanges
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Copper for web browser

q CoAP pluggin to query CoAP nodes in an http-
like fashion

get

ack


