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2- Internet service provider
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3- Artificial intelligence

4- Cloud computing
5- Virtualization
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3- Core Business
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6- Cloud RAN

7- Virtualized RAN

8- Software-Defined Networking
9- Business to Business (B2B)
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4- Smart Cities
5- Remote Surgery
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11- Quality of Service
12- Multiple-access Edge Computing
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10- service oriented



.>|5;‘_¢«..L~;6L§T
O‘Mwﬁjd_‘.n?ﬁ)_ffctuhu‘
by i el o) e U ol
slai e LS is g S ol glaie gla )l
asd ) Sl ClaalasgSuls g (gl ~igh
o&;@)_wJLMm|J5|o‘]¢bdsL§)inb&yoﬁnCA_~ul
JMLO&‘o)‘w;)A)QMAfJLMLowl
Sl bl 8,5 JSd 1 g SaS aS il
4SS Slbeddn eanl ol seglbes s
SaS g0 le (sl dled gl sl cowlisie flio oy
Psd Jog oo slaes  banadlen L s S

IS oolSiils jo —ip g sboaiwsd Loyl LS
L0 245 oo o pd)S a8 S
B aS g ol o s lonz 5 00 00
ploi Lo s ldd acabasly o5 5L Jslol e Jls
Sl kb as, g5 3148 lag ] aLeogs
Ollls L il Jglol o 59 el L b ain 0090
399 la T 5o o 00l JLwd joaS col e,
ol bl lbes )i gl pas cloly (ol s
Ol e Sl g i ool Sl Y S o
‘S;Lmujw)|5wJ3|o|JwéJL53)bM
N PESRVARH P LES I PR S CN LY
dod ol oS ol St IS e gamme y0.0S 0
Jol ol ed dc gazma |10 ol i jlowle> e a il
GMT)OAJIQ)|9M|)9—MSICTW9S‘U&;

RO PRI PRPITEGAL P R

é‘f‘so.aJ.w‘sLsi
o laolol gl aS gl
= el aSi i YL 4, Core
A gyl egualy sl asbiojg > 04 S SVgame
bt Jlilojg o Loy oo dass yo Lo slmoss
;)._;L‘S_,%ol)&_*g‘&i\‘\“j\/\ ‘59_:.)‘)0“_2)
5 503 RAN i3 ;0. TFSO 639, 9" —ilS )3
45 ol *RRU g aly ol sleg.og0 59, (297

13- eband
14- Free-Space Optical communication
15- Remote Radio Unit
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18- Passive

16- Reconfigurable Intelligent Surface
17- Active Antenna Unit
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3- Base station
4- 4th generation
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1- Groupe Spécial Mobile Association
2- 5th generation
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3- Down-link
4- Massive MIMO
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2- Artificial intelligence
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Data extraction,
Coverage and Traffic
analysis

v

Delineate application
scenarios (e.g., schools,
subways, businesses, low-
traffic sites, etc.)

Y

Next
observation *
cycle
Configure parameters for
activated or deactivated
functions by scenario and
time-span
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7- Operations management system
8- Long short-term memory
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5- New radio
6- Physical resource blocks
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@ Data acquisition

@ Data processing

@ s ot

e o
Performance Data cleaning Scenario
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n gation/filtering
Network
Managements
: Y
I Traffic , ‘
Forecasting Al Flatform
| A 4
=% Set ES Thresholds
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Determination of @ Thresholds
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W @ Feedback and
Optimization
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9- Chengdu

ENERGY SAVING (kWh / SITE)
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Basic functions  Traffic forecast Service pilot
m=m ES kWh ES Proportion
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Traditional AAU New architecture AAU
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DL+ 3aB T
DL throughput rate
Baseline 30% ~ 40% T
at edge area
UL throughput rate
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12- Throughput
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10- Acrive antenna system
11- Xiamen
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4- Beamforming
5- Signal to Noise Ratio
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1- Massive
2- Multiple-Input—Multiple-Output
3- Non-Orthogonal Multiple Access
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8- Deep Neural Network
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6- Angle of Arrival
7- Alignment
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13- Blockage
14- Coordinated Beamforming

15- Uplink
16- hand over
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9- Multi Arm Bandit
10- Link Budget

11- Vehicle to Infrastructure
12- Recurrent Neural Network
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21-Non-orthogonal multiple access
22- Quality of Service

23- Wireless Power Transfer

24- Deep Neural Network
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17- K-Nearest Neighbors

18- Support Vector Machine

19- MultiLayer Perceptron

20- MUItiple Signal Classification
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Reference and Scenario

Objective

Machine learning methods

Main conclusion

Downlink hybrid BF

Efficient hybrid BF design

KNN

Achieve the target BER at higher data rates.

Multiuser SIMO system

Beam selection using ML/DL based AoA

KNN,SVC,feed forward DNN, and MLP

Near sum rate and classi accuracy results to ES.

High speed trains Fast beam searching with low latency at high speeds RL, upper confidence bound (UCB) Proposed scheme can achieve th ical limit.
MISO system Beam alignment and tracking RL, Bayesian MAB Faster learning rate.

Vehicular scenario plus LIDAR data Beam alignment and tracking DL, DCNN Efficient ion of mmWave v2I links.
V21 situational awareness Beam selection with low Tatency DL and classification methods 99% of throughput can be achieved.
Vehicular scenario igent beam/ channel tracking LSTM model Accurate i of CSI with less overhead
One user moving and served by N BSs mmWave blockage prediction/ handoff requi Deep learning, RNN | blockage/ handoff by 95%
nmWave dinated BF High mobility with reducing latency overhead DL model that predicts BF vectors High data rates with adaptation to changing envi

Uplink mmWave Beam selection using AoA KNN, SVM,MLP MLP outperforms both KNN and SVM.
mmWave antenna array Estimating AoA for radio waves DNN Computational complexity reduction compared to MUSIC.
MIMO channel i Predict CSI LSTM and GRU Reduce channel and pilot overhead.
mmWave BF Select the best BF technique DNN Improve BF performance.

Multiuser beam allocation Beam allocation DNN multiclass classi Achieve 91.6 to 97.7% accuracy compared to EX.
mmWave user allocation and handover Maximize user-BS ion time after handover MAB Enhance handover decision and network performance.
mmWave blockage predicti Predict blockage using RGB image of the i DCNN Enhance handover decision.

SVM based BF Reduce complexity of calculated SVD DNN Reduce ity and enhance performance.
Beam selection Select primary and redundant beams Iterative random search Improve handover.

Clustering User clustering and PA in mmWAve-NOMA settings K-means Improve user clustering with low

Pilot Pilot ination attack detection in mmWave-NOMA SVM, ELM, LOG 100% to 95% static and dyunamic detection rates.
RRM (user and PA) ize the system’s EE under different Semi-Supervised learning, DNN Higher EE with low i
Inter-Beam Inter-Cell Interference Mitigati User ation, inter-beam PA in mmWAve-NOMA Q-learning 30% sum rate enk

Wireless power transfer (WPT) Enhance the power transfer efficiency Random forest, DNN Improved performance and pblackiction accuracy.
Hybrid BF/ combini High ission capacity with low i DNN, self supervised learning Higher BER performance.

Blind beam alignment Blind BF with multiple BS and users DRL Tmproved considerable data rates.

Hybrid precoding Effective hybrid precoding with low compl; DNN Higher performance.

BF in mMIMO HetNets Efficient BF technique DNN,RNN,MLP Higher weighted sum rates.

Beam selection in mmWave Hetnets Develop efficient beam selection design DNN 95% accuracy.

Initial Beam Alignment AoA Estii DT ignil impi of the rate.
Hybrid BF in mmWave. Find the BF that maximize the achieved rates A d 60 - 70% gains in rates

Modeling Blockage Loss Robust BF using statistical Blockage modeling GMM Better of blockage effects on users
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1- Reconfigurable Intelligence Surfaces

2- Intelligent Reflecting Surfaces

3- Electromagnetic waves

4- 6th generation

5- Cell Free Massive Multiple Input Multiple Output
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Surface with reflecting elements

(b) Large Intelligent Surface.

12- Large Intelligent Surfaces
13- Mutual coupling

14- Correlation

15- Microstrip antenna
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6- Artificial Intelligence

7- Internet of Everything

8- Channel

9- 5th generation mobile network
10- Access Point

11- Base Station
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17- Line Of Sight

18- Positive Intrinsic Negative

19- Field Effect Transistor

20- Microelectromechanical systems

Tunable reflecting element

DC feeding
via hole

PIN diode
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16- Codeword

Equivalent circuit of PIN diode
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The two phase shift states
are generated by
controlling the ON/OFF
states of the diode

ON STATE

OFF STATE

(@
Unit Cell Design Parameters | Dimension (mm)
Wu 25.85
Wi 12.51
Ly 12.51
Ws 548
Wp 0.7
Lp L5
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Channel coherence time
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(a) Semi-passive IRS. (b) Passive IRS (in the uplink).
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(a) Single IRS (b) Two cooperative IRSs
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Aerial IRS

Smart office
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Energy storage
device harvesting element

RIS controller
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24-Internet of Everythings

25-Wireless Energy Transfer

26-Simultaneous wireless information and power
transfer
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(a) Traditional cellular system.
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(b) Cell-free massive MIMO.
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29-Cell Free

Pilot Received pilot signal

Channel estimation
based on received pilot
signal

UL data Received data signal

based on received data
signal and collective

4
|
|
| Data estimate
|
|
i combining vector

Precoder and DL data

based on global channel
estimates

(

[

: Precoding vector
[

|

|

(a) Centralized manner
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(b) Distributed manner
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distributed RIS
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3- Heterogeneous Cloud Radio Access Network
4- Jain’s Fairness Index
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1- Reconfigurable Intelligent Surface
2- Unmanned aerial vehicle

3- Ultra capacity
4- Order-of-magnitude improvements in the link
robustness

1- Ultra reliability
2- High connectivity/optimization
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5- Non orthogonal multiple access
6-mmWave

7- Cognitive radio

8-Quality of service

9- Massive MIMO

10- Full Duplex

11- Device to device communication
12- Non-terrestrial communication
13-Simultaneous Wireless Information and Power
Transfer

14-wireless power transmitt
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19-Quality of Experience
20- Power divider
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15- Internet-of-underwater-things
16-Vehicle-to-Vehicle communication in wireless
communication

17- Rectifier

18- Rectena
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17- Lorentz reciprocity
18- Cascading

19- Standing wave
20- Permittivity
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22- Interface
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1- Metamaterials
2-Subwavelength

3- Metasurfaces

4- Conformability

5- Manipulate

6- Spatial Gradient

7- Momentum

8- Orbital angular momentum
9- Holography

10- Cloaking

11- Wavefront

12- Spatiotemporally

13- Surface impedance

14- Conductivity

15- Constitutive

16- Time-reversal symmetry
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30- Meta-atom

31- Out-of-plane

32- Positive-intrinsic-negative

33- Unit cell

34- Field-programmable gate array
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26- Surface grating
27- Sideband pollution
28- Selffiltering
29-spatial time code
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45- Light cone
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48- Directivity
49- Heterodyne
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1- Size Weight and Power
2- Beamforming

Direct RF Architecture

Least analog cieuitry eqired
Highest performance
Smalestform-Hactor
Fastestiime-to-market lonest risk
~32GHz of bandwidth

Direct IF Architecture

Moderate analog ¢ reuitry required
Modest performance

Slow time-to-market, mediumrisk
~Tto 2GHz of bandwidth

Superheterodyne
Architecture

Mostanalog circuitry required
Lowest performence
Largessform-factor

Slowest ime-to-market, mostrisk
~100to 200MHz of bandwidth
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5- Printed Circuit Board

6- Gallium Arsenide

7- Monolithic Microwave Integrated Circuit

8- Digital Pre-Distortion

9- Decision Feedback Equalizer

10- Cyclic Prefix Orthogonal Frequency Division
Multiplexing

11- Discrete Fourier Transform spread Orthogonal
Frequency Division Multiplexing
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19- Coefficient Frequency Response
20- Analog-to-Digital Converter

21- Digital-to-Analog Converter

22- Decision Feedback Equalizer
23- Power Amplifier
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36- Digital Front-End - Radio Frequency Integrated
Circuit
37- Digital / Analog Front End
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1- Frontend

2- Spectral efficiency
3-Traveling-wave tube

4- Double-corrugated waveguide
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7- Tight tolerance
8- Microwave power module
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1- Point to point

2- Backhaul

3-signal to nose ratio
4- Slow-wave structure
5- Helix

6- Folded Waveguide
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14- Double-corrugated waveguide
15- Interaction impedance

16- Particle in Cell

17- Coupler

TWT _>/,L o
63 b bl pE (oudlS 30l 0 TWT ,uz g0 Slaseine
oY T sloa_is oy 136G 556G sloaSs ay by 1o )il
Gl s asl e LSS paisesls g a1 V]
E oS Bl (9 70 Coonnd a5 1,1, 456G 556G Y5k
s 352 go el Sl (glooninS ugiibingd (0els
LT oyl s 1 omss oS sl siedigy 03900
T 054 a8l el S5 ey 3 sl S Il ol
Aol o el azlgo wlal Cosgaso dlox | Slacussasly
P b o3gaoe Sl Mg oo SVL JE 5l
46 i Sad g oo (697 Ll o8 (rizmen 090 &l
Sl e Slyredraulilolacsid (ol gy 0393500 g Ll 5
ok ¥V Gl o2 Ll o 723,44 P8y
59 s VY 090 b clon ) slgrion ITUY (Cels jo
oaloF 53098 blod SiJazagsailons o Blallals yioglS
e 3l o2 e gy 0099500 S5 3y Y gk 530 90
45 o Sl g IR ITU imran ol iy JuSons
#6035 olag oy il oWl o ' (Siidas 4y 5L3aS YL
g Blod S gy Sllne yo 7 i caie Js cws QB
a2 s o 1o 53 5o 35,0807 il slige L JUS S
B8 Sl 4l 5 ColKS 7 ogas jsools Jlamleos,bs
999> SNR § S a0 Slwlos o i cie Jy oo
O5eY500) YOF 45 10l QAM (5 Vtely (s ss YO
P el p i spa s b QLS L(T 2l
$lenslin a3 Sy gy o] 3y Sl bits /5 /Hz)
OBl S5 egleS VO ity b S S sl S 4o
RPES oIS gl (2 3L g Jo oo V0,00 b S sS li
s ontgledl g Clg PO Sgaase o owd Doy lioni S )
TWT G a0eSd (nl (s25u 3800 gz ool 0l e 10

9-Gain

10- International telecommunication union
11- Linearity

12- Back-off

13- Quadrature Amplitude Modulation

|
NG90

fanavari hamrah

(el (5pu5 sealiliad 0
\FeY ol
b 5o lods

)
9\')'9 ”

S




Cawloalsools iolad
o,ls 5 gleles JLSlu ise g0 G TWT S ¢ Jgoro jgboay
o 0 Slaseino b cenloadloz v 1™ g, 0 G lawgiaS
688 el i 98 s slam b g o [V ] 06 00,1 11,
39700-3,103 092 s RF JUSs ()1 50 ellogs 31 (6 S sl
G5 (599,505 53 5 Jsl (i 79> ol 50 B L TWT
S el o0 oy W i Ly 3l ol L S pg
SleMbl (wloaosls Hioles T USi jo lolS j0) 35,5 o
Jiie pg3 (i s oudalgie (g Sl g5y Lawgs (LS 3
oo oeiis peal oo 3o oy b (528l g3y 05— o0
g+ Fogas cnbline e Lagi oSy 5oy o
(reaolien s G g (S 2SI los ()99 5 (o0

Cewlods Al 55 pgs po (PPM)” odls iglie

Y+ (09 ,50) DCW 5Lyl N Jga

Square pillar width (tb) 200

Triangular pillar height (th) 200

Pillar height (h) 680
Period (P) 1100
Waveguide width (a) 1680
Input Output Port Flanges WR10

Input part first section ;
Idle port sever second section

Output port second section; .
Idle port sever first section
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24- Server
25- Port
26- Periodic magnetic system
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18-Dispersion

19- Interaction circuit

20- Interaction region

21- Mode

22- Hybrid
23- Transverse Electric
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27- Interaction conditions
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Collector side

RF input RF output

WR10

Electron beam tunnel = Electron gun side

31- Oxygen Free High Conductivity
32- Roughness

33- Skin depth

34- Spindle
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28- Collector
29- Eventual weak diffusion
30- Flange
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35- Extender flanges
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2- Non-Orthogonal Multiple Access (NOMA)
3- Channel coding

4- OFDM modulation

5- Channel Estimation

6- Equlization
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5G Link Level Simulator
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GTEC 5G LL MATLAB No OFDM, FBMC
ns-3 C++, Python Yes (PHY model)
OpenAirinterface C Yes OFDM
CP-OFDM,
Vienna 5G LL MATLAB Yes FBI(/I(()'JFB:\:AM C,
WOLA

(PHY model)
turbo
LDPC,

turbo, polar,
convolutional

No
No
No

Yes

Up to 120 KHz
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10- Polar coding

11- New Radio

12- Wave form

13- Cyclic Prefix Orthogonal frequency division
multiplexing

14- Filter banked multicarrier

15- Filtered OFDM

16- Universal filtered multicarrier

17- Weighted overlap and add
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7- Convolutional coding
8- Torbu coding
9- Low density parity check
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Scenario Generator

Hover over values for help

Nodes: | BS1,852 UE1 UE2

Primary Links: |BS1.UE1 BS2.UE2

Interfering Links

Interference Generation: | Automatic v
Aftenuation 150

Interferer k Factor.

Loaded: genericScenano

Create Scenario

Scenario Generator

LR

i ]
5G Link Level Simulator Hover over values for help

Which links should be simulated? Sweep Parameter

Sweep Parameter: | Path loss
loss
| Secandary Path loss

[ Downlink

[Juplink Sweep Value: | ling

Apply Sweeping to.| TX Power user
TX Power Base station
N Antennas Base station
N Antennas User
User velocity
Attenuation
Modulation&Coding scheme
Decoding lterations
Soft Buffer ratio
Amplifier Output back-off
Smoothness factor

( Angle Mean ACA
Angle Mean ZOA

Frame Structure [FOD ¥ Plotting Options

Plot Results for: | 1
Number Frames. 100
[¥iPlot over SNR

[OSave Data [CIPlot PAPR

Loaded: genercScenario
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18- Transmission mode.
19- Open loop spatial multiplexing
20- Closed loop spatial multiplexing

VCcs 1< 3
56 Link Level Simulator

Global

Doppler Model [Jakes Number of Spatial Paths | 20

Los NLOS

Power Delay Profil: |PedestrianA ¥ SigmaAOA | 0 Sigma AOA

Sigma ZOA 0 Sigma ZOA

[ICorelated Frames Link

mean AOA |80
Time Subsampling Factor 10

mean ZOA: |45

Spatial Correlation: | none L K Factor [15
iSpatial Channel Model Antenna Spacing: | 112

Nodes Orientation: 0. 0]

Create Scenario

Loaded: | genericScenario

2R

o [
[5G Link Level Simulator]

Topokogy | Geometric Layout Parametors  General Simutation Parameters

¥ Geometric Layout

Node Positions
Set Node Positions

Pathloss Model
Ty... |breakPoint
Alpha 2
Alpha 2 39

Break Distance 50

Loaded: genercScenario

Create Scenario
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1- Beamforming
2- Virtualization
3- Open radio access network
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Collaborative research. Objective evaluation. Fair recognition.
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3- Telecommunications and Digital Government
Regulatory Authority

1- World Radiocommunication Conference
2- International Telecommunication Union
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IRMMW-THz

International Society of Infrared, Milimeter, and Teraheriz Waves: IRMMW-THz
“Promoting the woridwide collection, dissemination, and exchange of scientific and fechnical
knowledge in the areas and disciplines involving infrared, millimeter and feraheriz waves”
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4- International Society of Infrared, Millimeter, and
Terahertz Waves
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7- |IEEE Conference on Network Functions

Virtualization and Software-Defined Networking
8- Network function virtualization
9- Software-defined radio
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OpenRAN

GLOBAL FORUM

Bringing Open RAN to maturity and delivering on the:
promise of disaggregated networks
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4-3rd Generation Partnership Project
5- Transceiver

6- Beamforming
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22- Ball Grid Array

23- Wavelength

24-Effective Isotropic Radiated Power
25-orthogonal frequency devison multiplexing
26-Single Carrier Frequency Division Multiplexing
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12- Gain

13-Radio Frequency Integrated Circuit
14- Up-Conversion

15- Down-Conversion

16- Mixer

17- Voltage Controlled Oscillator
18-Phase Locked Loop

19- Low Noise Amplifier
20-Downlink
21- On-Chip
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11- Original equipment manufacturer
12-Virtualized radio access networks
13- Improved network agility

14- Scalability
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1- Beamforming

2-radio access network

3-Dynamic Spectrum Sharing

4-Peripheral Component Interconnect Express
5-Massive MIMO

6- Distributed Unit

7- Split Points

8-Open RAN

9-Hewlett Packard Enterpris

10-Information technology company
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[1]Johann Fuchs, “Rohde & Schwarz environ-
mental test lab verifies product functionality
under extreme conditions,” Rohde & Schwarz,
2023. https://lwww.rohde-schwarz.com/about/
magazine/environmental-test-lab/environ-
mental-test-lab_256153.html?change_c=true
(accessed Jul. 07, 2023).
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Core Network Solutions

5G Gore / EPC

Core Simulation RAN Solution
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4- Network intelligence

5- Flexible multi-tenancy architecture
6- Digital twins

7- Reconfigurable intelligent surfaces
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