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研究領域：

1. Machine-to-machine communications

2. Device-to-device communications
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Machine-to-Machine
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Human-to-Machine

Human-to-Human

Machine-to-Human

Internet-of-Things
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Machine-to-Machine devices can communicate with each other
directly without/with little human intervention.

AI + IoT
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Cisco Global Mobile Traffic Growth Prediction
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Cisco Global Mobile Connections Growth Prediction

Exceed human
population
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M2M features

Uplink dominate

Periodic

Small payload

Event triggering

Traffic

Frequent

Energy sensitive

Power constrained
Energy

Massive number

Diverse QoS
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Spectrum

Energy

Access IDs
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Several days VS 10 years

Deep indoor environment

Massive connections
(1,000,000/km2)
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Uplink Downlink
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Contention-based random access

Preamble
format

64 preambles serve
massive connections

Collision
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Example 0 0 1 1 0 0 0 1 0 1

Separate new access classes:
barring probability + backoff counter

Access class barring (ACB)

Dynamic access barring
Configure
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Extended access barring

----Block delay-tolerant MTCDs

Bitmap: 0 0 0 0 1 1 1 0 1 0

No additional
access classes
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Slot access

Device 1 Device 2 Device 3 Device 4 Device 5

timeSlot Slot Slot Slot Slot

Low efficiency for
massive number

High delay
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Random access procedure modification

Option 1: Add ID information in Msg1

Option 2: Put payload in Msg1

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

Detect
collision
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Preambles and resource blocks allocation
P
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Normal UEs

Underlay

P
re
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t
MTCDs

Normal UEs

MTCDs

Overlay

Protect normal UEs

Option 1: Dynamic preamble allocation
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Basic resource
allocation unit

12 subcarriers
each with 15 kHz
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Preambles and resource blocks allocation

Option 2: Dynamic RBs allocation

Resource block pools

Physical random access channel (PRACH)

Physical uplink sharable channel (PUSCH)

Constant
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Group-based random access

Preamble

Preamble

PreamblePreamble

Preamble

Option 1: Location-based

Option 2: QoS-based

Option 3: Machine learning
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Small cells
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Small cells
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Orthogonal and non-orthogonal resource allocation

Orthogonal

UEs MTCDs

Protecting normal UEs

Interference

Option 1: Orthogonal

Non-Orthogonal

UEs MTCDs

Option 2: Orthogonal

Improve
efficiency

UE-assisted M2M
communications
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Resource pools

UE 1

UE 2

M2M Group 1

M2M Group 2

Case 1: M2M/H2H coexistence

RB
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Resource pools

M2M
Group 2

M2M
Group 1

Case 2: M2M only

M2M
Group 3

M2M
Group 4

Pre-allocated pool Common pool
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Semi-persistent resource allocation

Device 1

Device 2

Time

periodicity

periodicity Time

Pre-allocate RBs

Reduce control
information exchange
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Multiplexing

Device 1

Device 2

Time

Time

Channel

Time
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Predictive resource allocation

Fire alarming in farms

Sensor
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Predictive resource allocation

1 32 54 1 32 54

Resource allocation
without prediction

Predictive Resource
allocation
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Energy management

UE 1

UE 2

Core network

eNB

Radio access network

Terminal

1.

2.

3.

Terminal

Radio access network
Core network
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Power saving mode
UE Network

RRC Setup

Attach request

Attach accept

RRC release

T3324 timer
Normal idle mode

T3412 extended timer
Power saving mode

RRC Setup

TAU request

TAU accept

Data traffic

RRC release

Active mode

Idle mode

PSM

Idle mode Monitor paging

Power saving mode No paging
Turn off functions
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Power saving mode

Time

UE active

Idle mode

Power saving mode

UE active

T3324 timer T3412 timer
(up to 310h)



32

Discontinuous reception (DRX)

eDRX: further extend the DRX cycle for infrequent traffic

Gradually increase sleep time
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Power control

UE 1

UE 2

eNB

𝑆𝐼𝑁𝑅 =
𝑆𝑖𝑔𝑛𝑎𝑙

𝐼𝑛𝑡𝑒𝑟𝑓𝑒𝑟𝑒𝑛𝑐𝑒 + 𝑁𝑜𝑖𝑠𝑒
.

Power Class Nominal maximum
output power

1 +33dBm

2 +24dBm

3 +21dBm

4 +27dBm
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Clustering methods
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Reducing operating time

DRX
(reduce monitoring overhead)

Generalize Reducing
operating time

(ACK, monitoring, transmission,
etc.)
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Wide coverage
Low energy consumption
Massive connections

Narrowband IoT (NB-IoT)

Fixed, large number, and low traffic
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Narrowband IoT (NB-IoT)

UE Category Cat-0 Cat-M1 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
duplex

Full or half duplex Half duplex

Lowering
complexity
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Support new services

Low mobility support Multicast
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Positioning New power classes
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Non-orthogonal multiple access (NOMA)
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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.
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Hardware size

Algorithm
complexity

Energy
consumption

Hardware cost Management
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V2X Communications

V2V: vehicle-to-vehicle
V2I: vehicle-to-infrastructure
V2N: vehicle-to-network
V2P: vehicle-to-pedestrian
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Privacy
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Software defined networking (SDN)
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SDN-based M2M

Flexibility,
costdown
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Cloud
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Network Function Virtualization
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Q&A

Thank you for your attention!


