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Á the state of wireless, MTC (M2M) and 5G

Á URLLC

Á short packets

Á wireless channel modeling perspective

Á interface diversity
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the state of wireless, M2M, and 5G



historical impact of mobile wireless

from World Development Report 2016: Digital Dividends



wait, mobile phone yes, 

but not electricity?

from http://edition.cnn.com/2016/08/09/africa/ared-solar-charging-kiosk-henri-nyakarundi/

solar kiosk franchisee 

on the streets of Kigali, Rwanda



where does wireless 

technology move

the business of

transporting data bytes from A to B 

has become less lucrative

instead it became important what 

one does with the data
that has been transported



driverless cars 

and assisted driving

wireless: why are we not there yet

pictures from Clipart Panda and Shutterstock

remote 

monitoring



how is MTC positioned in 5G

from ò5G wireless and mobile communication technology"

M2M communication = MTC (Machine-Type Communication)
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Additional

new use cases

Smart city, infrastructures and objects

(massive devices, e.g. sensors and actuators)

TEXT
Low cost, low energy

Small data volumes

Massive numbers

Ultra reliable

Very low latency

Very high availability
Massive MTC

Ultra-reliable 

low latency MTC

Autonomous

vehicle control

Factory cell

automation

Smart grid
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how is MTC positioned in 5G

MTC stands for 2/3 of 5G

the official ITU-R terminology on the 5G generic services:

ÁEnhanced mobile broadband (eMBB)

ÁMassive machine-type communications (mMTC) 

ÁUltra-reliable and low-latency communications (URLLC)

challenges in

Ádesigning the technology for each service

Ácoexistence of services and network slicing



what todayôs wireless systems cannot do

100 Mbps 95% of the time

or
100 kbps 99.999% of the 

time 

error probability
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information

1 Mbps from 100 devices

or
10 kbps from 10000 
devices
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protocol 

limit

new modes:

massive and ultra-reliable access



ultra-reliable low latency 

communication

URLLC



URC is about turning wireless into a 

reliable commodity

é and it is commodity when the 

engineers using wireless ask

we have ultra-reliable wireless, 

can we think of an application that can use it?

ultra-reliable communication (URC) 

as an ecosystem

figure from www.caminodesantiago.me



design target for URLLC

latency 

Guaranteed

delay limit
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Focus on worst-case

Ultra-reliable low latency communication

 ĔMetric: 99.9999é-percentile

Exploit opportunities of

favorable conditions 

ñNormalò reliability (e.g. mobile Internet)

latency 
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building blocks for URLLC

Átransmission of short packets

Áhigh diversity

Árestricted opportunities for retransmission

Álean protocol design with respect to latency
ïrequirements in ms

Ánew precise channel models and 
statistically correct description of rare events
ïcapture the events with probability 10E-8



Philippe Petit, 

http://www.msnbc.com/msnbc/philippe-petit-twin-towers-balancing-act-remembered#slide1

ultra reliable transmission of 

short packets



anatomy of a digital connection

Alice sends data to Bob

but Alice also must send

metadata or control data to Bob

let Alice send

header of H bits using m channel uses

data of D bits using n channel uses



goodput, metadata included

[bps]

high-speed wireless

ultra-reliable



common assumption and design 

approach 

the metadata size negligible compared to the data

use heuristic methods to send metadata

use sophisticated wireless to send data



the relationship of data and metadata 

this relationship is changed in short packets

suddenly it matters a lot how we send preambles, 

CRC, node address, etc. 

transition similar to the one 

from classical to quantum physics



very general model of 

information systems with random disturbances

Shannonôs communication model


