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1. Machine-to-machine communications

2. Device-to-device communications
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Machine-to-Machine devices can communicate with each other
directly without/with little human intervention.




Cisco Global Mobile Traffic Growth Prediction
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Cisco Global Mobile Connections Growth Prediction

Exceed human
population
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4 Uplink dominate
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Small payload > Traffic

Event triggering
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Massive connections
(1,000,000/km?)

| ' | | Several days VS 10 years

Deep indoor environment




Uplink Downlink
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Preamble
format

839
Subcarriers
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Duration of a preamble

CP

Guard
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eNB

Contention-based random access

64 preambles serve
massive connections

Collision



Access class barring (ACB)
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Extended access barring

----Block delay-tolerant MTCDs

Bitmap: 0000111010

No additional
access classes




Slot access

Low efficiency for
massive number
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Random access procedure modification

UE eNB

Option 1: Add ID information in Msgl

Option 2: Put payload in Msg1l

Option 3: Provide available preamble in
Msg4 information to speed up collision
resolution

Detect
collision




Preambles and resource blocks allocation

Option 1: Dynamic preamble allocation

Underlay Overlay

Normal UEs

Preamble set

Preamble set

MTCDs

Normal UEs MTCDs

Protect normal UEs ]




One radio frame (10 ms)
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Preambles and resource blocks allocation

Option 2: Dynamic RBs allocation

Resource block pools

- Physical random access channel (PRACH)

+ ‘ Constant

- Physical uplink sharable channel (PUSCH)



Group-based random access

Option 1: Location-based
Option 2: QoS-based

Option 3: Machine learning




Small cells

Macrocell




Small cells

Cell types

Typical cell

Power range

Use cases

radius
Macrocell > | km 20 W ~ 160 W Cellular systems
Femtocell | 10m ~50m | 10 mW ~ 200 mW rome,
small offices
Picocell 100m ~300m | 250 mW ~>2 W Buildings
Microcell | 250 m ~ 1 km DW ~20W Shopping mall,

Stadium




Orthogonal and non-orthogonal resource allocation

Improve
efficiency
Orthogonal Non-Orthogonal
UEs MTCDs MTCDs
t ‘ UE-assisted M2M
Interference L.
communications

Protecting normal UEs

Option 1: Orthogonal Option 2: Orthogonal



Resource pools

- o

Case 1: M2M/H2H coexistence



Resource pools

Pre-allocated pool Common pool

IDRCD

Case 2: M2M only



Semi-persistent resource allocation

Pre-allocate RBs

. periodicity ;

Device 1 I I I
Device 2 H H H
! ; >

periodicity Time

Reduce control

information exchange




Multiplexing
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Predictive resource allocation
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Fire alarming in farms



Predictive resource allocation
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Energy management

" Radio access network™.
Core network

i Terminal

eNB
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Power saving mode

Idle mode

Monitor paging

No paging
Turn off functions

UE Network
RRC Setup
<
Attach request
< Attach accept Active mode
RRC release
>< S
13324 timer
Normal idle mode
T3412 extended timer
Power saving mode
RRC Setup
<
TAU request
St
< TAU accept Idle mode
Data traffic Power saving mode
< >t
RRC release
<€




Power saving mode

UE active UE active

Idle mode

Power saving mode

r :I: :I T|me
T3412 timer

(up to 310h)

T3324 timer



Discontinuous reception (DRX)

Inactivity timer DRX short cycle Scheduling
expires timer expires message reception

On Duration On Duration On Duration On Duration

_’ Continuous reception Short DRX Cycle Short DRX Cycle j Long DRX Cycle EJ Continuous reception w Short DRX Cycle \_

Active | | Sleep Gradually increase sleep time

eDRX: further extend the DRX cycle for infrequent traffic



Power control

Signal

SINR = —.
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Clustering methods

UE
MTCD

MTCD header
=0 M2M gateway

Macrocell




Reducing operating time

Generalize

DRX | Reducing

(reduce monitoring overhead) ope rating time

(ACK, monitoring, transmission,
etc.)



Narrowband loT (NB-loT)

-
fﬁ Smart Meter

/
Wide coverage e
Low energy consumption D l 2 3 4 kWh

. . . 7
Massive connections S0 ' |
0123456789 @ 4

01234567.9

Fixed, large number, and low traffic




Narrowband loT (NB-loT)

UE Category Cat-NB 1

Downlink peak rate 1 Mbps 1 Mbps ~ 200 kbps
Uplink peak rate 1 Mbps 1 Mbps 20 kbps
Transmission power 23 dBm 20 or 23 dBm 20~ 23 dBm
Bandwidth 20 MHz 1.08 MHz 0.18 MHz
Duplex mode Full or half  Full or half duplex  Half duplex

duplex I

Lowering
complexit



Support new services

B 010224148

Low mobility support Multicast



Positioning

New power classes



Non-orthogonal multiple access (NOMA)

Userl

Time/Frequency

((’)) \E'

Base station SIC



Cognitive M2M

Cognitive Radio + M2M => Spectrum efficiency

!

Cognitive Radio (CR) allows unauthorized users to access licensed
spectrums intelligently on the premise of not interfering incumbent UEs.

Power

A

Spectrum occupied by
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\ Mynamic Spectrum  Time
Access(DSA)

Spectrum holes




Hardware size

Energy
consumption

Algorithm
complexity

Hardware cost Management



V2X Communications

V2V: vehicle-to-vehicle

V2I: vehicle-to-infrastructure
V2N: vehicle-to-network

V2P: vehicle-to-pedestrian
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Operating | V2X UE transmit (MHz)\ | V2X UE receive (MHz)\ | Duplex
Interface . ,
band Uplink (UL) Downlink (DL) mode
PC5 a7 5855 to 5925 5855to 5925 -

3 1710 to 1785 1805 to 1880 FDD

7 2500 to 2570 2620 to 2690 FDD

Uu 8 880 to 915 925 to 960 FDD

39 //18-50 to 1920 1880 to 1%\ TDD

41 ) 2496 to 2690 TDD

~__ 249610 2690

e




PCS5 interface W2X transmit and receive

Road safety
applications
Road non-safety
applications
--DSRC | 3|55 5|88 |8 Radio LAN
v | »n | W U |l v | »n| A
Future applications
ITS-G5C IT5-G35B ITS-G5A IT5-G5D
A A A High power and
= 4 3 long distance
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5470 5725 5855 5875 5905 5925 Frequency (MHz)



Token information

P eNB/RSU
» | Token identifier
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Software defined networking (SDN)

Management plane Network Applications
Ir | Programming Languages

- — . - —— Sy




SDN-based M2M

)
HSS < —  Wireless link
. . . ;'—/ '
Flexibility, (_H ------- Dzrtiri?ll(mk
costdown
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Internet
UE 1
UE: User Equipment
eNB: evolved Node B
HSS: Home Subscriber Server
SGW-U: Serving Gateway User Plane
SGW-C: Serving Gateway Control Plane
UE3 MME: Mobility Management Entity

PGW-U: Packet Data Network Gateway User Plane

eNF 3 PGW-C: Packet Data Network Gateway Control Plane
: Evolved Packet Core PCREF: Policy Control and Charging Rule Function

Radio Access Network
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UE3 eNB: evolved Node B

eNB 3 DFE: Data Forwarding Entity
' AC: Access Control
Radio Access Network : Evolved Packet Core MM: Mobility Management



Network Function Virtualization

vMME vHSS vPCRF vPGW vSGW
- v v v D 4 5
(ovee) || (s ) [(rere ) | (oo ) [(ow )
VM 1 L VM 2 L VM 3 L VM 4 L VM 5 )
&

\
~

Operating System

4
<

g
be

General-purpose hardware




Direction

Radio Access Network

’ Data link

B
|
|
|

Evolved Packet Core

——————— Control link

Internet

UE: User Equipment

eNB: evolved Node B

vSGW: virtualized Serving Gateway

VHSS: virtualized Home Subscriber Server

vPGW: virtualized Packet Data Network Gateway
vMME: virtualized Mobility Management Entity
vPCREF: virtualized Policy Control and Charging Rule
Function



Q&A BAIRE

Thank you for your attention!




