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• Mobile Internet and Smart Devices
• Bandwidth and data traffic boost (Cisco)

• Data traffic increases ~2 times/per year

• Wireless network cannot support that!

• Information aggregates to hotspot and local area
• 70% in office and hotspot, over 90% in future

• Hotspot QoS cannot be guaranteed!

Introduction 3/65



NETWORKING 

INTELLIGENCE LAB

Introduction 4/65

Cell Capacity

Add fixed AP

Sum rates

P. Gupta and P. Kumar, “The capacity of wireless networks,” IEEE Transactions on 
Information Theory, vol. 46, no. 2, pp. 388-404, Mar. 2000.

Ad-hoc
optimal
rate

By “Shannon Theory”，
network capacity relies on 
bandwidth and APs

Current：Add fixed APs

Combine Cellular 
and Ad-hoc

Network capacity

Number of UEs
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• Definition of Device-to-Device (D2D) Communications
• D2D communications commonly refer to the technologies that enable

devices to communicate directly without an infrastructure of access points
or base stations

Introduction 5/65

eNB

eNB

①Increase network capacity
②Extend coverage
③Offload data
④Improve energy efficiency
⑤Create new applications

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• Drastically different requirements

• The LTE platform would have the advantage over others, such as Wi-Fi and
Bluetooth that operate device to device protocols, because they use license
exempt spectrum.

• Proximity-based applications and services represent a recent and enormous
social-technological trend

• These applications and these services are based on the awareness that two devices or
two users are close to each other

• Awareness of proximity carries value, and generates demand for an exchange of traffic
between them

• Direct D2D communication is also essential for public safety services
• e.g. in case of lack of network infrastructure in disaster situations

• 3GPP has imitated work on enhancing the LTE-EPC platform to support
these capabilities

3GPP R12 on D2D* 7/65

*3GPP R12 V0.2.0 page:49
URL: https://www.3gpp.org/ftp/Information/WORK_PLAN/Description_Releases/

NSPS : national security and public safety
LTE-EPC : Long Term Evolution-Evolved Packet Core

https://www.3gpp.org/ftp/Information/WORK_PLAN/Description_Releases/
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• Motivation of D2D Standard Issue(SI) and Works Items(WI) in

3GPP and other standardizations

• Development within 3GPP
• SA1: - TR22.803: Feasibility study for Proximity Services (ProSe)

- TS22.278: Service requirements for the Evolved Packet System (EPS)

• SA2 WI TR22.969 : Feasibility study on enhancements of Public Warning System (PWS)

• RAN SI: Study on LTE Device to Device Proximity Services

• Objectives: evaluate LTE device-to-device proximity services

• Proximity Services (ProSe) Discovery over E-UTRA;

• Evaluation of discovery and communication performance

• Discovery research on carrier, timing, resource allocation, discovery signal/channel

• Communication research on synchronization, timing, resource allocation, control/share

channel

• ProSe Communication over E-UTRA;

• EPC support of ProSe Communication over WLAN

3GPP R12 on D2D* 8/65

E-UTRA: Evolved Universal Terrestrial Radio Access
SA : System Aspect
TR: Technical Report
TS : Technical Specification

*3GPP R12 V0.2.0 page:49
URL: https://www.3gpp.org/ftp/Information/WORK_PLAN/Description_Releases/

https://www.3gpp.org/ftp/Information/WORK_PLAN/Description_Releases/
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Deployment Roadmap of D2D Communication 9/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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 D2D Usage Scenarios
 Local Advertisement
 Location Enhancement
 Distance Based Applications
 Disaster and Public Safety
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1. The shops will automatically 

distribute the advertisement to the 

passage nearby

2. Applications in users’ terminal 

discover the advertisers automatically 

and receive the information from 

them, including introduction, menus, 

coupons, etc.

Local Advertisement 11/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• The D2D terminals receive 
the real-time parking space 
information that helps 
finding one’s parking space 
easily

• It can provide more 
information than a GPS 
based application by D2D.

Location Enhancement 12/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• Members of a team or group

can obtain the sphere of

activities for each other by

D2D distance monitoring

when touring, keeping a safe

movement range to prevent

occurring accident.

Distance Based Applications 13/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• In case of disastrous situation,

where the fixed infrastructures, such 

as BSs, are in failure, mobiles not in 

the coverage can possibly reach the 

BS with the aid of mobiles in the 

coverage area.

• This is similar to multi-hop relaying 

networks.

Disaster and Public Safety  14/65

D2D

MME S-GW

Emergency Communications
① Mobile Ad-hoc networks
② Active BS is the final destination

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• D2D applications can provide coverage enhancement without 
increasing infrastructure cost, capacity enhancement by 
multiplexing D2D and cellular spectrum and user experience 
enhancement of link robustness and

Enhance Network Capability (Offloading) 15/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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Why D2D Communication?
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• Advantages of D2D Communications
Proximity gain

Hop gain

Reuse gain

• Potential Benefits
Higher date rate /capacity

Lower latency

Higher spectrum-, energy-, and cost-efficiency

Better robustness 

Why D2D Communication? 17/65
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Feature 

name

D2D(4G) D2D (5G) Wi-fi Direct Bluetooth

Standardization 3GPP R12* 3GPP R15** IEE 802.11 Bluetooth SIG

Frequency band LTE-A mmWave

(30GHz~300GHz)

2.4GHz – 5GHz 2.4GHz

Max 

transmission 

distance

Up to 500 m 10m ~ 500m 32 m 10-100 m

Max data rate 1Gb/s Up to 10GB/s 54Mb/s 25Mb/s

Device 

discovery

Base station assisted 

or device assisted

Base station assisted or 

device assisted

Require user defined 

settings for access points

Require manual pairing

Uniformity of 

service 

provision

Yes Yes No No

Application Public safety,

Local advertising,

Cellular relay

Virtual Reality(VR), 

Augmented Reality (AR), 

Mixed Reality (MR)

Content sharing,

Group gaming,

Device connection

Object exchange,

Peripherals connection 

Why D2D Communication? 18/65

*3GPP R12 

**3GPP TR 21.915

https://www.3gpp.org/ftp/Information/WORK_PLAN/Description_Releases/
https://www.3gpp.org/ftp/Specs/archive/21_series/21.915/
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• Device discovery 
• Detecting the presence 

of other devices in the 
neighborhood

• Link setup
• Establishing links 

between interested 
devices

• Data communication
• Transmitting or 

receiving data via 
established links

D2D Communication Procedure 19/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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Cellular Controlled D2D communication
BS controlled D2D Link setup:

1. A request of communication is initiated by one UE pair.

2. The system detects traffic originating from and destined to the

UE in the same subnet.

3. If the traffic fulfills a certain criterion (e.g., data rate), the BS

considers the traffic as the potential D2D traffic.

4. The BS checks if D2D communication offers higher throughput

by calculating the surrounding interference.

5. If both UEs are D2D capable and D2D communication offers

higher throughput, the BS may set up a D2D bearer.

6. Even if the D2D connection setup is successful, the BS still

maintain detecting if UE should be back to the cellular

communication mode.
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Resource Management For D2D Communication
• Research Challenges

• Access Methods
• Mode Selection
• Spectrum Sharing
• Interference Management 

• Problem Formulation
• Solution Approaches

• Game Theory
• Successive Convex Approximation(SCA)
• Deep Reinforcement Learning
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• The D2D networks can be configured in three ways to allow or

restrict their usage by certain users:

• Network Controlled: In this scheme, the base station and the core

network control the communication signaling setup and the there after

resource allocation for both cellular and D2D users.

• Self-organized: In this scheme, D2D users themselves realizes the

communications in a self-organizing way by finding the empty spectrum

hole.

• Network Assisted : The D2D users operates in a self-organized way, and

exchanges with cellular system limited controlling information for

resource management. And the cellular network can obtain the status of

D2D communications for better control purposes.

• This scheme comprises the merits of first two D2D users access methods.

Access Methods 22/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• Mode selection criteria

• Cellular Mode: The mobile works in a traditional cellular way relaying data

by a BS.

• D2D Mode: The mobiles exchanges information directly.

• Mode Adaptation: The mobiles can select the right mode for

communication according to the predefined criterions.

• Typically, all the UEs are implemented with two modes, i.e.

cellular mode, and D2D mode, and can adaptively utilize the

proper way for transmission.

Mode Selection 23/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• Spectrum sharing as an overlay:

• The D2D users occupies the vacant cellular spectrum for communication.

• This approach that completely eliminates cross-layer interference is to divide the

licensed spectrum into two parts (orthogonal channel assignment).

• This way, a fraction of the subchannels would be used by the cellular users while

another fraction would be used by the D2D networks.

• Although optimal from a cross-layer interference standpoint, this approach is inefficient

in terms of spectrum reuse

• Spectrum sharing as an underlay:

• This scheme allows multiple D2D users to work as an underlay with cellular users, and

thus to improve the spectrum efficiency.

• Therefore, co-channel assignment of the cellular and D2D users seems more efficient

and profitable for operators, although far more intricate from the technical point of view.

Spectrum Sharing 24/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• D2D networks provides coverage at the customer premises, but

radiates toward neighboring mobile users, introducing interference

• Considering that these networks define two separate layers,

interference can be classified as follows:

• Cross-layer: This refers to situations in which the aggressor (e.g., a D2D user)

and the victim (e.g., a cellular user) of interference belong to different network

layers.

• Co-layer: In this case the aggressor (e.g., a D2D user) and the victim (e.g., a

neighboring D2D user) of interference belong to the same network layer.

• Combating the interference

• Transmitter: Frequency, time, space, and power allocations

• Receiver: Signal processing for interference cancelation

Interference Analysis 25/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• Power control can be performed by two approaches:

• Self-organized power control: 
• The D2D users make power changes in a self-organized way according to a predefined SINR 

threshold in order to meet the QoS, and meanwhile not affect the cellular users.

• Network managed power control: 
• Both cellular and D2D users adaptively adjust the transmit power according to the SINR 

report. 

• Typically, the D2D users can control the transmit power at first, and then the cellular users 

make change afterward. 

• This iterative process terminates until all the users meet their SINR requirements.

• The first method is not going to change the behaviors of cellular 

users, such that D2D users are invisibly treated. 

• The second method allows all the users to adjust the transmit 

power, but requires a certain amount of signaling overhead

Power Control 26/65

SINR : Signal to Interference Noise Ratio  
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Motivation & Problem

• Same frequency-time resources could be shared by cellular & D2D links to

enhance the system capacity

• Power control is necessary to mitigate the interference & saving energy

• Limit the amount of interference to cellular users

• Achieve a reliable level of performance for D2D users

Threshold Based Power Control 27/65

Cellular air link

D2D air link
BS

Terminal 1

Terminal 2

Cellular & D2D

Cellular air link

D2D air link
BS

Terminal 1

Terminal 2

Resource reuse between D2D & cellular links

Terminal 3

Spectrum
Cellular + D2D

Resource allocation

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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Signal and Interference Model 28/65

Xu, Chen, Lingyang Song, and Zhu Han. Resource management for device-to-device underlay

communication. Berlin: Springer, 2014.
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• Only D2D pair:

• Cellular user and single D2D pair:

• Cellular user and multiple D2D pairs:

• Achievable rate of D2D user:

Problem Formulation 29/65

Co-layer/Co-tier interference 

Interference from Cellular 
User

Additive White Gaussian Noise

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.

Channel gainTransmit power

SINR
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1 … K

Co-tier /Co-layer Interference 30/65

Resource Blocks

D2D D2D

Cellular 

User

Resource block allocation

Co-tier/Co-layer Interference

Information link
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A Matching Game Approach
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System Model for Mode Selection 32/12

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.
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System Model for Mode Selection 33/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.
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System Model for Mode Selection 34/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.

Co-tier interference 

White noise

Co-tier interference 

SINR
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System Model for Mode Selection 35/12

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.

Interference  from D2D users
Signal to Interference noise ratio(SINR) 

White noiseTransmit power

Channel gain
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System Model for Mode Selection 36/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.
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Mode Selection Definition 37/12

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.
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System Model for Mode Selection 38/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.
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Problem Formulation for Mode Selection 39/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.

Maximize network utility function

Resource block allocations constraint

Each cluster is allocated at most one 

resource block

Maximum interference of D2D users to cellular 

users must be below the  predefined threshold 

Clustering variable

Control variables whether D2D uses the 

mode or not

Mode selection variable: Partial-reuse or Full-reuse

Set of D2D users in resource block r
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Mode Selection: Matching Game Approach 40/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.

Dedicated running variable
(if the parameters are not optimal)

In Experimentation: each player executes one of 

the two actions, i.e., a new random configuration is 

chosen (exploration) or it stays with the current 

configuration (exploitation) with probability

During consolidation, the current utility obtained at 

time slot t is compared with the previously achieved 

utility at time slot t-1 by all players
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Mode Selection: Matching Game Approach 41/65

Preference list of D2D Users/Resource Blocks (BS)

Set of matching pairs

Set of blocking pairs: containing all pair of D2D users and resource 

blocks that not satisfied the interference condition 

Algorithm 1. Mode Selection and Resource Allocation

Matching candidate set of resource block r 

Matching is stable – convergence to a stationary point

The matching at time t is the at time t - 1 
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Simulation Setup for Mode Selection 42/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.
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Mode Selection: Matching Game Approach 43/65

S. M. A. Kazmi, CS Hong et al., "Mode Selection and Resource Allocation in Device-to-Device

Communications: A Matching Game Approach," in IEEE Transactions on Mobile Computing, vol. 16, no. 11,
pp. 3126-3141, 1 Nov. 2017, doi: 10.1109/TMC.2017.2689768.

1

2

The number of D2D Users

FR-RA: Full-reuse Resource Allocation
PR-RA: Partial-reuse Resource Allocation
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• D2D with Non-Orthogonal Multiple Access(NOMA)
• Successive Convex Approximation Approach
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System Model of D2D with NOMA 45/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.



NETWORKING 

INTELLIGENCE LAB

System Model of D2D with NOMA 46/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.
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Successive Interference Cancellation 47/65

Patel, Pulin, and Jack Holtzman. "Analysis of a simple successive interference cancellation scheme in a DS/CDMA 

system." IEEE journal on selected areas in communications 12.5 (1994): 796-807.

White noise White noiseReceiver

TransmitterTransmitter
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Successive Convex Approximation 48/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.
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SINR Model for D2D Users 49/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.
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SINR Model for Cellular Users 50/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.
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Problem Formulation 51/65

Transmit power threshold/max. Tx. power

Interference threshold/QoS constraint

a CU belong to at most 1 cluster

a D2D pair belong to at most 1 cluster

Binary decision variables of CU/D2D pair

Transmit power variable CU&D2D

Objective: maximize sum-rate CU&D2D

NP-Hard Problem

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.

*JUCPA: Joint User Clustering And Power Assignment
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Algorithm of JUCPA 52/65

Data rate of CUs Data rate of D2D 

Transmit power threshold/maximum Tx power

Interference threshold/QoS constraint

a CU belongs to at most 1 cluster

a D2D pair belongs to at most 1 cluster

Binary decision variables of CU/D2D pair

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.
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Successive Convex Approximation 53/65

Treat D2D interference as noise

Total transmit power constraint 

Tx. Power 

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.

Obtaining solution by Successive Convex Approximation (SCA) 

method
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Successive Convex Approximation for PA1CU 54/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.

Approximate the original functions with some upper-bounds of 

them which have the same first order behavior

Update the solution by taking trade-off between the pervious 

solution and the current approximation solution
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Successive Convex Approximation 55/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.

Treat interference of CU as noise

QoS constraint to protect CUs

D2D transmit power variable

Obtaining solution by Successive Convex Approximation (SCA) 

method
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Successive Convex Approximation for PA1D2D 56/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.

Approximate the original functions with some upper-bounds of 

them which have the same first order behavior

Update the solution by taking trade-off between the 

pervious solution and the current approximation solution
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Successive Convex Approximation 57/65

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.
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Successive Convex Approximation 58/65

Performance comparison of the OFDMA, NOMA and D2D schemes under various network sizes. (a) Average 
sum-rate. (b) Average number of admitted users. (c) Average number of iterations. 

Kazmi, SM Ahsan, CS Hong et al. "Coordinated device-to-device communication with non-orthogonal multiple access in future
wireless cellular networks." IEEE Access 6 (2018): 39860-39875.

1

2
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D2D RRM: Deep Reinforcement Learning
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D2D RRM: Multi Agent DRL 60/65

*RRM: Radio Resource Management

*DRL: Deep Reinforcement Learning

Li, Zheng, Caili Guo, and Yidi Xuan. "A multi-agent deep reinforcement learning based spectrum allocation
framework for D2D communications." 2019 IEEE Global Communications Conference (GLOBECOM). IEEE, 2019.
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D2D RRM: Multi Agent DRL 61/65

Li, Zheng, Caili Guo, and Yidi Xuan. "A multi-agent deep reinforcement learning based spectrum allocation
framework for D2D communications." 2019 IEEE Global Communications Conference (GLOBECOM). IEEE, 2019.

Interference from cellular user Co-tier interference from D2D users

White noise
Transmit power(P) / Channel gain(g)
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D2D RRM: Multi Agent DRL 62/65

Li, Zheng, Caili Guo, and Yidi Xuan. "A multi-agent deep reinforcement learning based spectrum allocation
framework for D2D communications." 2019 IEEE Global Communications Conference (GLOBECOM). IEEE, 2019.
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D2D RRM: Multi Agent DRL 63/65

Li, Zheng, Caili Guo, and Yidi Xuan. "A multi-agent deep reinforcement learning based spectrum allocation
framework for D2D communications." 2019 IEEE Global Communications Conference (GLOBECOM). IEEE, 2019.
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Multi Agent DRL Algorithm 64/65

Li, Zheng, Caili Guo, and Yidi Xuan. "A multi-agent deep reinforcement learning based spectrum allocation
framework for D2D communications." 2019 IEEE Global Communications Conference (GLOBECOM). IEEE, 2019.

Initialization step

• The agent takes an action that depends on the current policy
• If there is no policy available yet, it would take a random

action

• Update the reward according to gradients
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framework for D2D communications." 2019 IEEE Global Communications Conference (GLOBECOM). IEEE, 2019.

Comparison of total reward performance during training process *NAAC: Neighbor-Agent Actor Critic

*DQN: Deep Q Network

*AC: Actor Critic
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• D2D for Augmented Reality, Virtual Reality, Mixed Reality

• High bandwidth, Low-latency 

• Power control for dense network setting

• Improve user experiences

• DRL is required global information such as channel state information(CSI) of 

the other D2D as well as cellular users

• Reduce message overhead

• Improve accuracy with local information such as CSI of D2D itself
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