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Short Intro. On Speaker

» Name : Soo Young Shin

» Contact
Q E-mail : wdragon@kumoh.ac.kr
» Career

Q 1999/2001/2006 Seoul National University(SNU) Electrical Engineering (bachelor/MS/PhD)
Q 2006.07 - 2007.06 University of Washington Electrical Engineering (Post Doc. Researcher)

a %007,.09 - 2010.08 Samsung Electronics Telecommunication Division System Design Lab.
senior researcher

O 2010.09 - present Kumoh National Institute of Technology, School of Electronic Engineering
(Professor)

Q 2017.02 - 2018.01 University of British Columbia, Vancouver, Canada (Visiting Scholar)

Soo Young Shin, Ph.D »# Pz=csz olg BE g7
Professor, SMIEEE, Dept. of IT Convergence Engineering = 20184 0|=
kumoh.ac kr2| 0|0 & =0l=! - =0|0|X|
wireless communication wireless network unmanned mabile robots MRFHE 5369 4132
h-index 37 31
i10-index 118 104
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Mutual interference analysis of IEEE 802.15. 4 and IEEE 802.11 b 183 2007
SY Shin, HS Park, WH Kwan
Computer networks 51 (12), 3338-3353 2016 2017 2018 2019 2020 2021 2022 2023

Packet error rate analysis of ZigBee under WLAN and Bluetooth 234 2007 20
interferences

SY Shin, HS Park, S Choi, WH Kwon 480
IEEE Transactions on Wireless communications & (8), 2625-2830
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WENS) Lab.

» http://wens.re.kr
» Members (Sep. 2023)

Q Professor Soo Young Shin
O 4 Post Doc Researchers

O 8 PhD candidates

Q 4 MS leading to PhD

O 14 MS students
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Research Area and Major Achievements

» Research Area
O Next generation wireless communications
> bG & Beyond, 6G
Q Unmanned Mobility with ROS

Al & deep learning based signal processing (video,
audio)

Internet of Things

Communications and network-based embedded
systems

Communication & Network

O Augmented/Mixed Reality
» Major Achievements

aQ SCI(E) publications
2016 | 2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | Total |
8 13 15 13 10 15 20 11

105

aQ Alumni (Since 2010)
> PhD:17
> MS: 57

ROS : Robot Operating System
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5G Evolution
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http://www.5gsummit.org/lisbon/slides/4_3_Colin_Langtry.pdf




3GPP Timeline & Research Activities
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Emerging Applications by 6G

NTN : Non-Terrestrial Network

(1) GEO
Altitude: approx. 36,000 km
Ground area radius: approx. 1,000 km

(2) LEO
Altitude: from a few hundred to approx. 2,000 km
Ground area radius: several hundred km

')

(3) HAPS
Altitude: approx. 20 km

Space statl on s \{__, @ Ground area radius: approx. 50 km

Passengerspacehner T _

T ‘ ----- 4 .:""-'-‘.':;:,— ‘ s TR OA ot e R
T, o Aircraft .~/ Ty TSR,
7T Drone ------""~ T )
T S KA) . Mobile \
- A ..l Backhaul '
e &5 { 4 g
| oA
; 2
! Disaster couhtermeasures Mountamous e
\ ((A)\) —and-remote areas I
-~ Rembte island BT
_______ —-- Coverage image
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Key Enablers of 5G

3GPP Rel-15 establishes a solid foundation for 5GNR

For enhanced mobile broadband and beyond

Scalable OFDM- Flexible slot-based Advanced
based air interface framework channel coding

| 1 1
SRR R R TR R R TN W
Scalable OFDM Self-contained ME-LDPC
numerology slot structure and CA-Polar
Efficiently address diverse Key enabler to low Efficiently support large
spectrum, deployments latency, URLLC and data blocks and a reliable
and services forward compatibility control channel

Courtesy from Qualcomm

Massive
MIMO

Reciprocity-based
MU-MIMO
Efficiently utilize a large #

of antennas to increase
coverage [ capacity

Mobile
mmWave

)

Beamforming
and beam-tracking

/N

Enables wide mmWave
bandwidths for extreme
capacity and throughput
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Higher Frequency

[ Spectrum vs. Bandwidth ]
Allocated Bandwidth per MNO
Low-band { [ 800/900MHz '
© 3G | 1.8GHz
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Lower -
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Mid-band 56 - 37GHz | |9  Bandwidth Surplus
- 4,5GHz | =S in higher spectrum
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Mid-band 7~24GHg 77 .
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https://www.sktelecom.com/img/eng/press/2023/230220_SKT-DCM_6G_Common_Requirements_vF.pdf MNS Iﬁ".’

O Lower Mid-band Below 100Gbps

* There might be several T00MHz bandwidth in
new spectrum (above 3.5GHz)

* Should consider “Spectrum Refarming”

O Upper Mid-band Below 100Gbps

* There might be several T00MHz and more
bandwidth

O mmWave Up to 100Gbps

* There might be a few GHz and more
bandwidth

Up to 1Tbps

(O Sub-THz

* There might be several GHz and more
bandwidth

* Should develop the RF technology of Sub-THz

etwork
System



Higher Frequency

Updated : Friday, October 06, 2023, 13:43 Home | Login | Signin S5t=20f
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f HOME INDUSTRIES ICT

3 Mobile Carriers Give Up 5G 28 GHz Frequency Band after Record
Fines

A Yoon Young-sil @ 2023.06.02 16:27 5 & A A

| Dark Horse Rising? MOST POPULAR (> )

Intense Competition between Korean
Battery Makers for Solid-state Battery
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US-China Semiconductor War Enters
‘Round 2'

Legend’ Jim Keller to Manufacture

Samsung Electronics’ Exynos Making a
Comeback?

Korean Semiconductors Reach US$9.9 ireless
Billion in Exports in September, One-year

3 Samsung Partners with ‘Semiconductor




Higher Frequency
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Higher Frequency for 6G

Contiguous bandwidth
per Network
More than 10 GHz

» Sub-THz (92~300GHz)

Around 1000 MHz

A d V an tag eS More than 300 MHz

More than 20 MHz Frequency

300 GHz

< Greater bandwidth -> Increasing
capacity

% Smaller antenna size o

»  Minimum effects on human body | LG Electronics Succeeds in 6G Wireless Transmission

_ 155~175GHz
Disadvantages: ( )

| Over a Distance of 320 Meters
—

< Short range due to scattering and
absorption by cloud, dust, rain etc.

< Less penetration

< Still very earlier stage : not cost
ok ffective




Massive MIMO

» 3D beamforming

Courtesy from Samsung
Legacy Antenna

Horizontal

LA
v

|

|

0 O 0 O
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0 O 0 O
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» Typical # of antennas
O Base station : 128 or 192

A0 Mobile station : up to 8
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Courtesy from Ericsson

tenna elements (AEs)
at 3.5 GHz



3GPP Evolution for MIMO

Diversity, multiplexing, and beamforming
4 Layers

beamforming,
spatial multiplexing for multiple
UEs and beam sweeping (NR)

8T8R

U

i

0 Diversity, multiplexing, and 3D
C

Diversity and multiplexing

2 Layers 16+ Layers
Massive antenna array E M
Enhanced link quality and coverage -_
D More multiplexing layers N Nt
4T4R Higher capacity S

Massive MIMO

https://www.5gworldpro.com/blog/2022/04/17/evolution-
from-mimo-to-massive-mimo/
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Massive MIMO

Advantages:

0'0

*0

Improved spectrum efficiency
Improved energy efficiency

Disadvantages:

2, &
2, e
U Instito'®

Pilot contamination

= limited orthogonal pilot subcarriers
High signal processing complexity

= large number of antennas and
multiplexing of UEs

Power Consumption

Spectral Efficiency Saturation
Interference

Channel Estimation Challenges

Main Radio Access Technology for 5G !I!!

Uplink wirelesspi.com
- v

[ L ‘-:u_ .

Downlink

4 ~
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Massive MIMO in 6G

» eXtreme MIMO (X-MIMO) / giga MIMO
a X-MIMO : Up to 4 times antenna than 5G

aQ Giga-MIMO : order of magnitude more antennas than 5G massive MIMO

4G 5G 5G Advanced 6G
improve performance
for UEs with medium

Spatial Beamforming or high maobility by Al ML, i,g Deep leaming based
Multiplexing enhancing CSI algorithm
reporting.

Beam management;

Multiple Cell Free mMIMO, mmMIMO/
Spatial Diversity | Transmission and Full duplex operation | Extreme mMIMO, Sub TeraHz

Reception Point frequency

(mIRE)
DL-4T4R , UL- Extreme mMIMO = 1024 antenna
2T2R DL 84TE4R 16 layer | 256 Antenna elements + 512 TRXs + 64 layer
LTE Adv. DL DL + 8 Layer UL elements MU-MIMO

8TER UL 4T4R. | Mu-MIMO

3GPP Rel 8, 3GPP Rel 15, 16, AGPP Rel. 18 + Scope to be defined
10,13 17




Radio Access Technology (RAT)

» In other word, wireless access technology
» Definition

Q

Underlying physical connection method for a radio communication

network (wiki)

Includes frequency, bandwidth, antenna (tx, rx), time, etc. = radio
resources

Related to physical layer (PHY), Medium access control layer (MAC),
radio resource control layer (RRC)

Key for B5G/6G, Higher Frequency, More Antennas !!

4

Via RATSs, Spectral Efficiency Enhancement in g,
@EN

System

Lower-Band !!! Nefwc:,:b
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Potential RATs for
B5G/6G




Breaking Orthogonality




Breaking the Orthogonality

» Orthogonality

a “In telecommunications, multiple access schemes are
orthogonal when an ideal receiver can completely reject
arbitrarily strong unwanted signals from the desired signal
using different basis functions” (from wikipedia)

» Breaking orthogonality
a Non-Orthogonal Multiple Access (NOMA)

> Serve multiple users in the same resource — improving spectral
efficiency and achieving massive connectivity

Q Spectral efficient frequency division multiplexing (SEFDM)

> Achieves higher spectral efficiency compared to OFDM by violating the

orthogonality of its sub-carriers
Wireless
Emerging
Network
System
@NSIH‘.’



https://en.wikipedia.org/wiki/Telecommunications
https://en.wikipedia.org/wiki/Multiple_access
https://en.wikipedia.org/wiki/Basis_function

Non-Orthogonal Multiple Access (NOMA)

L. Dai, B. Wang, Z. Ding, Z. Wang, S. Chen and L. Hanzo, "A Survey of Non-Orthogonal Multiple Access for 5G," in IEEE
Communications Surveys & Tutorials, vol. 20, no. 3, pp. 2294-2323, thirdquarter 2018, doi: 10.1109/COMST.2018.2835558.

What is NOMA?

O Multiple users using the same resource block (RB) /
O High capacity and massive connectivity
a Classification of NOMA

[ Time Slot ]

— [ Frequency Subcarrier ]

[ Scrambling Code ]

. v
_ooman |
v v

Non- - )
cooperative ooperative

BOMA: Building Block Sparse Constellation
Based Orthogonal Multiple Access




Downlink Power Domain-NOMA

How it works? Successive interference cancellation
= O, P; D, < D, Transgvtted Signal

P B |
X = (DlP S1 + (I)2P Sy ":‘. ' Ll
e ¢1Pt = h.x + w, — Received Signal

UE1 R Yi i g PrNi-  \Pani

F >

lB : lB : f

2 : 2 !

(a) :Conventional Ci,)MA
Reduce System Capasi ' :

1
1
@
i
i
1
l
1
1

Decoding
UE1 Signal

EB v f

(b) Qonventional NOMA

Wireless
Emerging
Low Network
. System
. qb
Received SINR NSHiss

Priority User




NOMA in 3GPP

5G System with
NR and LTE
Study of NOMA
for NR

|
|
A4

NR Coverage 6G for LTE and Satellite
Enhancement NI Backhaul & NTN

| | |
| | |
A4 " A A4

2020 | 202

G = o> e» e > - -
- e s e a» e e e
= o> o> e e e e -

(@)

¢ Modified transmitter of NR 5G (NOMA)
¢ NOMA trials: Expected

* No clear gain over release 15 | more trials
* Implementation complexity on NOMA
* B5G for new use case (Expected)



https://www.3gpp.org/dynareport?code=WI-List.htm
https://www.zte.com.cn/global/about/magazine/zte-technologies/2021/5-en/expert-views/2.html
https://www.3gpp.org/ftp/Inbox/Marcoms/3GPP_Poster%20v2.pdf
https://doi.org/10.3390/s23031705

Downlink NOMA

Advantages:
v High System Capacity
v Mass Connectivity

v Fairness (Quality of Service)

Disadvantages:
v Breaking orthogonality
v SIC complexity at the receiver

v Drawback of implementing SIC is the inter-user error
propagation issue resulting in residual interference.

Wireless
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» Pack more subcarriers, relative to OFDM, in a given bandwidth to

Improve capacity

Amplitude

Amplitude

Wireless
Emerging
Network
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» Transmitter receiver diagram

n
238219,

“al Iy smﬂ“"

j43
=
=
=
=
S
&
S

bits| & | ¢, [[FFT-based -
k ; Sn Fadin
—>| = SEFDM || Foaord
§ modulator
SEFDM transmitter
SEFDM *R* zF || Channel i
demodulator Equalizer | | Estimation P
removal
SEFDM receiver
e

N-point IFFT-> OFDM

~-point IFFT-> SEFDM

a=1- OFDM
0<a<1 - SEFDM

L .

Salnikov, Valentin, et al. "Ber performance of sefdm signals in
lte fading channels with imperfect channel knowledge.”
Internet of Things, Smart Spaces, and Next Generation
Networks and Systems: 20th International Conference,
NEWZ2AN 2020, and 13th Conference, ruSMART 2020, 5t

2ss
erging
letwork
kSysfem

Petersburg, Russia, August 26-28, 2020, Proceedings, "Jarff SII'.

20. Springer International Publishing, 2020.



Advantages:

v
v
v

v

Improved spectral efficiency compared to OFDM.
Lower peak to average power ratio (PAPR) compared to OFDM

Efficiently implemented using inverse fast Fourier transform (IFFT)
and fast Fourier transform (FFT)

Low sensitivity to frequency offset.

Disadvantages:

v

v
v
v

Breaking orthogonality

High inter-carrier interference

More complex signal detection

More complex time-domain equalization has to be used.

Wireless
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Novel Domain based
RATS




Novel Domain based RAT

» Novel Domain based RAT
QO Introduce new domain for new radio resources

O MIMO : spatial multiplexing = spatial domain

» Index Modulation

Q Transmit additional data bits via the indices of the available transmit
entities compared with classical communication schemes such as antenna
Indices, subcarriers, radio frequency (RF) mirrors, time slots, codes, etc.

» OAM (Orbital Angular Momentum)

QO Vortex domain

Wireless
Emerging
Network
System
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Index Modulation

Spaﬁa] | S1 | Y YEAR
S1 S2 > Mulgglexing s ] Y Splla;-ttm gces
2010
p bits
| KL I I S1 IY p1 bits (Sg:;:ﬂrr‘ﬁ;
Transmit Diversity | —
S1 S2 ::> (OSTBC) I S1* I [ [5) IY mbits p pits —I_
p2 bits 2015
p bits 2017
Spatial
S1 2 | > Modulation ] 2019

$2=0/1 T

Fig. 3. Basic implementation of IM, and the timeline of substantial

IM Domains IM techniques.
One-Dimensional IM Multi-Dimensional IM
(Fundamental Domains) ¢ i *
1 D i
jis e lamein Two-Dimensional IM Three-Dimensional IM Hyper-Dimensional IM
2) Frequency Domain
1) Dispersion Matrices-based 1) Space & Dispersion Matrices-based 1) Space & Frequency & Dispersion Matrices
3) Time Domain -based
: 2) Space & Frequency Domain 2) Frequency & Dispersion Matrices-based
4) Code Domain
3) Space & Time Domain 3) Space & Time & Channel Domain
5) Channel Domain
4) Space & Code Domain

6) Polarization Domain
5) Space & Channel Domain

6) Space & Polarization Domain

7) Code & Frequency Domain H :
ging
'work
Fig. 4. Di ional-based cat: of the existing IM domains in the literature. ystem
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Lab
S. Dogan Tusha, A. Tusha, E. Basar and H. Arslan, "Multidimensional Index Modulation for 5G and Beyond Wireless yENS"Il
Networks," in Proceedings of the IEEE, vol. 109, no. 2, pp. 170-199, Feb. 2021, doi: 10.1109/JPROC.2020.3040589. -




Index Modulation

» Exam P le A transmit antenna (Tx4)
Alm
01(00) 00(00)
@ @
- e
Re
@ o
11(00) y  10(00)
00 (Tx4) >
o
o
O
Alm
01(11) 00(11)
® @
o
Re
@ ®
11(11) vy 10(11)
> Re
Signal Constellation for the fourth Wikaless
transmit antenna (Tx4) freraing
N. Serafimovski et al., "Practical Implementation of Spatial Modulation," in IEEE Transactions on Vehicular Shis

Technology, vol. 62, no. 9, pp. 4511-4523, Nov. 2013, doi: 10.1109/TVT.2013.2266619.



Index Modulation

» Higher bpcu (bit per channel use)

» Low complexity

RECEIVER COMPLEXITY COMPARISON FOR A 6-b/s/Hz TRANSMISSION

V-BLAST SM Alamouti
MMSE I QR MRRC ML
2x4 Ixd 2x4 Ixd 4x4 2x4 2x4
8 80Q0AM  40AM BQAM  40QAM | 16QAM  32QAM | 640QAM
g 110 560 85 140 28 14 15
5]
JtJ Receiver Complexity Comparison
5 . 600 2xd
L
............ g g 400
, o0
1078 F| —e— SM 8x4 320AM comb~cod crrsirririziiiisiiiiii RO s © 300
(| —— Alamouti 2x4 256QAM comb—cod}::::: pnsk i EEn e drey ;3200 Il
= ® = V=BLAST 2x4 16QAM comb~—cod] ©:i = 1111l £° o 2x4 »
10—7 1 I I L i é 100 + TR SR TS
0 5 10 15 20 25 30 0 : ——— .
SNR (dB) V-BLAST MMSE V-BLAST QR SM Alamouti

Fig. 13. BER versus SNR for the case of an 8-b/s/Hz transmission (coded
combined channel imperfections).

Mesleh, Raed Y., et al. "Spatial modulation." IEEE Transactions on vehicular technology 57.4 (2008): 2228-2241. ==



Index Moduation

Advantages:
v Enhanced System Capacity
v Reduce BER

Disadvantages:
v Limited Resources (Index)
v All the indexes not available at the same time

v Not fully researched (How to integrate with massive MIMO)
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‘ OAM (Orbital Angular Momentum)

Courtesy from NTT (https://www.youtube.com/watch?2v=5Pélgla2krg)
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receiving

signal

E(r,g,z,0)

N(nonse)

Multiple Orthogonal channel by different OAM modes
High SE.
Interference free transmission (No ICI or IMI).

s, '(t) i sampling and - ¥, (k) i
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quantifying
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Wang, L., Jiang, F., Yuan, Z., Yang, J., Gui, G. and Sari, H. (2018), Mode division multiple access: a new scheme
based on orbital angular momentum in millimetre wave communications for fifth generation. IET Communications, 12:




OAM

» Overlapping multiple modes - SE enhancement
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OAM

Advantages:

v High System Capacity : orthogonality

v Higher degree of freedom

Disadvantages:

v Special type of antenna required : SPP or circular array antenna
v Beam Divergence

v Misalignment

Transmitting modet+2

Receiving
Antenna

Antenna

Plane wave

Spiral-type wave O O O O O O
U U ()
0 U 0

O ‘ O Wireless

Emerging
Network
System
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; Circular Antennas —
Spiral phase plate



Towards New RATSs for
B5G/6G in WENS




Further Spectrum Efficiency Enhancement

< Our Radio Access Technology Direction

6G Capacity

Non-orthogonal Multiple Access

Power domain
ol =
i @ . UEy

@ UE, UE,

Orbital Angular Momentum

rtex Domain

| Index modulation in
frequency domain
Frequency (Subearrier) (
mnu.-\,s. -]
(c) ('
4 in
Index Modulation i 8
Massive MIMO (Beamforming) il

Lab
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http://wens.re.kr/news/noma-simulator-v2

250

= N
@ 8
g 8

Average sum SE [bitis/Hz]
g

2

& g 2 3
3 s s 8

Average sum SE [bit/siHz]
8
2

200

Massive MIMO-NOMA simulator

-«

Wireless

Parameters

Antenna (M)

User (K)

K>>M

4 8 12 16 20 24 28
Number of users (K)

For Number of antennas (M)=32

M>>K

64 68 72 76 80 84 88 92 96 100 104 108 112 116 120 124 128
Number of users (K)

Massive MIMO-NOMA Simulator

Instructions

Emerging
Network
Systems

- Please read the user manual before the execution.
= - To simulate, please select the parameters below and click the RUN button.
'g - It takes longer to simulate large values of antennas (M) and users (K).

32 v Bandwidth 20 | Mhz TxPower NUE 0.2

256 v Tx Power | 100 | mW TxPower FUE 108

RUN

__JmMiMo
C—Inoma

Average sum SE [bits/Hz]
Average sum SE [bitis/Hz]

Number of Antennas (M)

NOMA along with MIMO delivers enhanced performance

[ JmMiMo
[ Inoma

o N2504
z i
&, 200 8,20 ~‘
w w
2]
“ 150 2 150
2 100 Aol
& 2, 100
e g
]
= g |
< =R
=
0 ~
& 16 Sﬂ\
~. 0 S~
=
T~
4 ~—
Number of Users (K) 30 8 Number of Users (K)

Number of Antennas (M) Number of Antennas (M)

No. of Cell (L)
No. of Users (K)

No. of Tx Antennas (M)
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NOMA - IM

NOMA with Generalized Space Shift Keying (NOMA-GSSK)

Utilize power & frequency Utilize spatial, power,
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. Antenna UE
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M, : total number of (a) NOMA (b) NOMA-GSSK

transmit antennas

5 J. W. Kim, S. Y. Shin, and V. C. M. Leung, "Performance Enhancement of Downlink NOMA by
S Combination With GSSK," IEEE Wireless Communications Letters, Oct. 2018.
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NOMA with Generalized Space Shift Keying (NOMA-GSSK)
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» OFDM-IM

Q Information transmitted by both M-ary signal constellations as in classical

OFDM and activating some subcarriers onlv accordinalv

TABLE 1
A LOOK-UP TABLE EXAMPLE FOR 7 = 4,k = 2 AND p; = 2

m bits

Bit
Splitter

p bitg |
-

P bit{

P bits}

Index
Selector

SEFDM-IM

1

>
p; bits

Mapper

5

m bits‘\

";/,
U Instivs™

o
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P2 bits

Mapper

OFDM
Block
Creator

x(1)

x(2

X (1

N-point
IFFT

X(1)_

X(2) |

XN,

Cycelic

Prefix

P/S

Fig. 1. Block diagram of the OFDM-IM transmitter.

E. Basar et al, "Orthogonal frequency division multiplexing with index modulation,” IEEE Trans.

Signal Process., vol. 61, no. 22, pp. 5536-5549, 2013.
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Network
System
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Fig. 1. Block diagram of the OAM-IM transceiver.
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Basar, Ertugrul. "Orbital angular momentum with index modulation." IEEE Transactions on Wireless
Communications 17.3 (2018): 2029-2037. -—
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MIMO-NOMA with OAM-IM
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Impedance Matching : Novel IM

Impedance Matching

Impedance matching : designing source and load impedances to minimize
signal reflection or maximize power transfer
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Figure 2. System model
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RAT Resource Optimization with
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