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Objetivos
◼ Describir genarlidades de 3GPP (normas)
◼ Explicar principales elementos de una red 

celular y su funciones.
◼ Identificar características y requerimientos IoT
◼ Comparar tecnologías CIoT 
◼ Describir técnicas para “low-power”
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Agenda
◼ 3GPP: procesos normalización, releases...
◼ IoT Celular (CIoT): tecnologías
◼ Arquitectura
◼ Mejoras para IoT (MTC, machine type comm.)

● Device power savings (PSM, eDRx) 
● Coverage enhcement

◼ Módulo LTE/NB-IoT
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Bibliografía
◼ Cellular Internet of Things

Technologies, Standards, and 
Performance
● Olof Liberg
● Mårten Sundberg
● Y.-P. Eric Wang
● Johan Bergman
● Joachim Sachs

2018

Liberg, Olof, et al. Cellular Internet of things: technologies, standards, and performance. 
Academic Press, 2017.
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Bibliografía
◼ 5G LTE Narrowband

Internet of Things
(NB-IoT)
● Hossam Fattah

(c) 2018 3GPP TM 

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.
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Normas
◼ 3GPP: Third Generation Partnership Project

● global standardization forum behind the evolution 
and maintenance of GSM, UMTS, LTE
● GSM (2G): Global System for Mobile Communications
● UMTS (3G): Universal Mobile Telecomm. System
● LTE (4G): Long-Term Evolution
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Redes de comunicación móvil
Evolución

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.
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3GPP: release cycle

https://www.3gpp.org/specifications/releases
https://www.icode9.com/content-4-142122.html 

https://www.3gpp.org/specifications/releases
https://www.icode9.com/content-4-142122.html
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3GPP
◼ release cycle:

● set of work items where each typically delivers a feature
● organized as Technical Specifications (TSs)
● at the end: a release is frozen and published

◼ feature: specified in four stages
● Stage 1: contains the service requirements
● Stage 2: high-level feature description
● Stage 3: detailed description that is needed to implement 
● Stage 4: development of the performance requirements 

and conformance testing procedures for ensuring proper 
implementation of the feature.
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Evolución histórica

Application Note NB-IoT Measurements ─ 1MA296_2e (Rohde & Schwarz)
www.rohde-schwarz.com/appnote/1MA296 

MTC MTC: Machine-Type Communication

http://www.rohde-schwarz.com/appnote/1MA296
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Evolución histórica
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3GPP: organiz. structure 

◼ Technical Specifications Groups (TSGs)
● GSM/EDGE Radio Access Network (GERAN) [closed]
● Radio Access Network (RAN)
● Service and system Aspects (SA)
● Core network and Terminals (CT)

Standardization
Development 
Organizations (SDO)

https://www.3gpp.org/images/presentations/
2016_11_3gpp_Standards_for_IoT.pdf
 

Example: 
after Release 13 

https://www.3gpp.org/images/presentations/2016_11_3gpp_Standards_for_IoT.pdf
https://www.3gpp.org/images/presentations/2016_11_3gpp_Standards_for_IoT.pdf
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3GPP release 13
◼ EC-GSM-IoT (Cap. 3 y 4) (*)

● Extended Coverage GSM Internet of Things
● fully backgward compatiblitiy w/GSM

◼  LTE-M (Cap. 5 y 6)(*)

● LTE for Machine-Type Communications flexible 
system bandwidth of 1.4 MHz or +

● capable of serving higher-end applications 
(+ req. on throughput and latency)

◼ NB-IoT (Cap. 7 y 8) (*)

● new radio access technology
● reuses technical components from LTE
● narrow spectrum

https://www.3gpp.org/news-events/3gpp-news/1906-c_iot 

(*) Liberg, Olof, et al. Cellular Internet of things: technologies, standards, and performance. Academic Press, 2017.

https://www.3gpp.org/news-events/3gpp-news/1906-c_iot
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Cat (category)
◼ Cat (user equipment o device):

● capability and performance
◼ EC-GSM-IoT  (Release 13) 
◼ LTE-M

● LTE Cat 0 (Release 12)
● LTE Cat M1 (Release 13)
● LTE Cat M2 (Release 14)

◼ NB-IoT
● LTE Cat NB1 (Release 13)
● LTE Cat NB2 (Release 14)
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Categorías

https://en.wikipedia.org/wiki/Narrowband_IoT 

https://en.wikipedia.org/wiki/Narrowband_IoT
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3GPP release 13

https://www.3gpp.org/news-events/3gpp-news/1805-iot_r14 

https://www.3gpp.org/news-events/3gpp-news/1805-iot_r14
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3GPP release 13

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7. IoT Standards 
Part II - Sami Tabbane.pdf

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7.%20IoT%20Standards%20Part%20II%20-%20Sami%20Tabbane.pdf
https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7.%20IoT%20Standards%20Part%20II%20-%20Sami%20Tabbane.pdf
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Arquitectura

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.

UE: User Equipment
eNodeB: evolved Node B (base) 
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Arquitectura

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7. IoT Standards 
Part II - Sami Tabbane.pdf

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7.%20IoT%20Standards%20Part%20II%20-%20Sami%20Tabbane.pdf
https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7.%20IoT%20Standards%20Part%20II%20-%20Sami%20Tabbane.pdf
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Arquitectura

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7. IoT Standards 
Part II - Sami Tabbane.pdf

eNB: Evolved Node B

E-UTRAN: Evolved Universal Terrestrial Radio Access Network

MME: Mobile Management Entity
HSS: Home Subscriber Server

PDN: Public Data Network

PCRF: Policy and Charging Rules Function 

X2: Control Plane and User Plane S1: interface connects the eNB to the EPC

UE: User Equipment

https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7.%20IoT%20Standards%20Part%20II%20-%20Sami%20Tabbane.pdf
https://www.itu.int/en/ITU-D/Regional-Presence/AsiaPacific/Documents/Events/2018/IoT-BDG/7.%20IoT%20Standards%20Part%20II%20-%20Sami%20Tabbane.pdf
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Protocol stack

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.
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Protocol stack

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.

Uu: the Radio interface between UTRAN and the User Equipment

S1-MME: delivering signaling protocols 

MME: Mobile Management Entity

S1-U: transport user data packets

RRC: Radio Resource Control

RLC: Radio Link Control
PDCP: Packet Data Convergence Protocol

NAS: Non-Access Stratum



página 23

NB-IoT: modos operación

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.
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PHY
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Traffic exchange
◼ Data reporting

● triggered reporting
● exception reports
● periodic reports
● software upgrades

and updates
◼ Low latency and

low power...

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.
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Power savings: but...
◼ Data transmision

● Mobile Originated (MO)
● Mobile Terminated (MT)

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.

MO
MO

MT
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RRC: Radio Resource Control
◼ Protocol for communication between the UE and the eNB
◼ UE modes of operation

● IDLE
● CONNECTED

Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.

RRC: Radio Resource Control
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Fattah, Hossam. 5G LTE Narrowband Internet of Things (NB-IoT). CRC Press, 2018.
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UE mode operation
◼ CONNECTED

● UE’s radio is actively sending or receiving messages.
● UE must maintain its synchronization with the network

◼ Radio: mostly used for application-specific activity
● UL messages (i.e. reporting a sensor value)
● DL messages (i.e. configuration updates)
● Neighbor cell measurements

◼ Power consumption:
● radio activity consumes a lot of power
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UE mode operation
◼ IDLE

● UE is switched on, but does the bare minimum
● UE stay connected to the network and to stay reachable

◼ Radio: performs keep-alive activities
● Listening paging messages (to be informed when the 

eNB requires a status update or value reporting)
● Performing tracking area updates (TAUs)

(update the eNB about the UE’s location information for 
reachability)

◼ Power consumption
● lower compared to connected but still high
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◼ Mobile Originated (MO)

Case: small data transm.
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Paging
◼ Paging (mechanism) 

● network inform the UE has data
(also notify UE about various events) 

● UE monitor paging in RRC IDLE mode.
◼ Paging Occasion (PO)

● specific time interval during which a UE is 
expected to monitor for incoming paging messages

◼ Discontinuous Reception (DRX)
● UE sleeps between monitoring page (remind: idle)
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Power savings: options
◼ eDRX (extended Discontinous Reception)

● extend the DRX cycles 
● remain longer in a power saving state between 

paging occasions (PO)
● periodically available for MT services 

◼ PSM (Power Saving Mode)
● UE is not monitoring paging (state) so becomes 

unreachable (for periods)
● UE is allowed to keep its connectivity status
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Timers
◼ Periodic TAU timer (T3412)

● time before waking up to send a Tracking Area 
Update (TAU) to the network.

◼ Active timer (T3324)
● monitoring paging in RRC Idle mode, before going 

into PSM.
◼ RRC Inactivity timer:

● stays in RRC Connected mode after transferring data
● then the UE receives the event RRC Release (from 

the network) 
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PSM

Nordic Semiconductor - Cellular IoT Fundamentals (Lesson 1 – Basics of cellular IoT)
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Nordic Semiconductor - Cellular IoT Fundamentals (Lesson 1 – Basics of cellular IoT)

eDRX

Two different scenarios for connection states.
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Power savings: summary
◼ PSM

● becomes unreacheble for MT
● leaves PSM and enters RRC Connected mode

when triggers MO
● UL data transfer or 
● periodic Tracking Area Update/Routing Area 

Update (TAU/RAU) 
◼ eDRX

● unreachable during eDRX Cycle
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PSM and eDRX

PSM and eDRXcan also coexist.

Nordic Semiconductor - Cellular IoT Fundamentals (Lesson 1 – Basics of cellular IoT)
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PSM

RRC: Radio Resource Control

BE AHEAD IN CONNECTING EVERYTHING – NARROWBAND IoT (NB-IoT) (www.rohde-schwarz.com/IoT)

http://www.rohde-schwarz.com/IoT
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eDRX

BE AHEAD IN CONNECTING EVERYTHING – NARROWBAND IoT (NB-IoT) (www.rohde-schwarz.com/IoT)

http://www.rohde-schwarz.com/IoT
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CE (coverage enhancement)
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https://www.mikroe.com/lte-iot-2-click 

https://www.mikroe.com/lte-iot-2-click
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Referencias
◼ 3GPP
◼ Liberg, Olof, et al. Cellular Internet of things: 
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Gracias!
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