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Abstract—Future Network is an project created and
managed by ISO/IEC. The project has produced
technical reports in ISO/IEC TR 29181 series and is in
the process setting architectures and protocols. The
project is known for its distinctive “clean slate design”
approach and works
innovations to allow Future Network deliver
promises. Simultaneously, ISO/IEC Future Network
should prepare itself for future breakthrough in SE
technology and make plans to adapt Future Network to

on fundamental structural

its

the fast changing “Post Shannon Era” technological
revolutions. Using reference to the mechanism of radio
frequency band classifications, this standard classifies
the spectral efficiencies of the MCS systems, so as to
facilitate the classification, discussion, evaluation and
comparison of the efficiency of the spectrum of
information systems.
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I. INTRODUCTION

This paper is the first international standard
proposal (draft) of The Ultra Limited Future
Network. The development of this proposal (draft)
is supported by JTC 1/SC 6/WG 7 working team.

DOI: 10.2478/ijanmc-2022-0008

97

Qingsong Zhang
State and Provincial Joint Engineering Lab. of
Advanced Network, Monitoring and Control
Xi'an Technological University
No.2 Xuefu Middle Road, Weiyang district
Xi'an, Shaanxi, China

The application leader is Dr. Qingsong Zhang
(Nanjing Bofeng), and the proposal is proposed by
Professor ~ Wang  Zhongsheng  (Xi  ‘'an
Technological University). Itu-r and ICAO acted
as the focal points during the development process,
while cooperating with ECMA, 3GPP and IEEE.

This standard is prepared in accordance with
the provisions of the following three documents :

ISO/IEC TR 29181 : Future Network :
Problem Statement and Requirements, parts 1-9.

ITU-R SM.856-1: New Spectrally Efficient
Techniques and Systems (1992-1997).

ITU-R SM.1046-3: Definition of Spectrum
Use Efficiency of a Radio System (2017-09-06).

As an international standard proposal in the
field of "industry, Innovation and Infrastructure™ ,
This standard provides classification schemes for
MCS Spectral Efficiencies including:

Definition of Modulation and Coding Scheme
Spectral Efficiency (MCS SE).

o Method for classification of MCS SE.
e Naming system of MCS SE.
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e Examples of the recommended use of
SECS.

e Potential impact Future Network

Standardization.

on

e The differences between SE and Spectral
Utilization Efficiency.

Il. DEVELOPEMNT BACKGROUND

Spectrum efficiency is a key index to measure
the level of development of information and
communication systems, which can reflect or
affect many key performances, including the
efficient use of spectrum resources, higher
information transmission rates and greater channel
capacity and so on. The higher the spectrum
efficiency, higher the utilization rates of
resource-constrained spectrum resources, higher
transmission rates, and greater the information
throughput.  Therefore, improving spectrum
efficiency is one of the most critical objectives of
ICT innovation.

With the development of digital information
and computer science and technology, the level of
spectrum  efficiency of information and
communication systems is also improving. 20
years ago at the turn of the century, the spectral
efficiency of communication systems was still at a
very low level of 1-2 bits. After 20 years of
development, some areas of technology are
already using 10-bit spectrum efficiency
technology. Some areas have incorporated 12-bit
spectrum efficiency into next-generation technical
standard planning.

Based on historical experience and technical
characteristics, the speed of improvement of the
spectrum efficiency level of information and
communication systems will slow down in the
future, reaching 16 bits in 20 years and 20 bits in
45 years, which is the result of the congenital
limitations of M-QAM  modulation and
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demodulation technology, a key mechanism for
improving spectrum efficiency. However, it
cannot be ruled out that the emergence of new
theories and new technologies in the basic layer of
information and communication physics may lead
to rapid improvement of spectrum efficiency. An
article published in IEEE Access in 2018 by
Chinese scientist Professor Li Daoben shows that
information systems with up to 2000 bits spectrum
efficiency can be achieved using the overlapping
multi-domain multiplexing technology (OVXDM)
he invented.

High spectrum efficiency will be the main
manifestation of ICT levels in the post-Shannon
era. In the next ten to twenty years, the discussion
and evaluation criteria on the spectral efficiency
of communication technology will exceed 20 bits
and enter the category of hundreds of bits or even
thousands of bits. Communication products will
be increasing spectrum efficiency as the main sign
of technical level and service capability.

In the existing ITU international standards,
RSM.1046-3 provides for the definition of
spectrum utilization efficiency and the evaluation
methods for the utilization of various systems
spectrum, but does not provide a mechanism for
classifying MCS spectrum efficiency. Such a
mechanism is necessary to discuss, analyze,
evaluate, select and manage the spectrum
efficiency of future communication systems.

For example, in some technical or policy
documents, the discussion of "low spectrum
efficiency” and "high spectrum efficiency” can
often Dbe seen, but there are no technical
specifications to define and interpret these two
concepts. How many bits of spectrum efficiency is
"low spectrum efficiency™? How many bits of
spectrum efficiency is "high spectrum efficiency"?
Some documents refer to a 10-bit system as "high
spectrum efficiency”, so what category does 16-bit,
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20-bit, 32-bit, or even 128-bit spectrum efficiency
fall into? Therefore, the two-level classifications
of "low spectrum efficiency” and "high spectrum
efficiency” cannot meet the future development
trend and the need for more accurate spectrum
efficiency classification.

In radio spectrum management, there are many
classification schemes for spectrum resources.
One scheme is dividing frequency resources (RE)
into kilohertz, megahertz, gigahertz, and terahertz.
Another method is based on wavelength, dividing
RE into categories such as Ultra-Long Wave,
Long Wave, Medium Wave, Short Wave,
Ultra-Short Wave, Microwave, etc. There is also a
classification method by frequency, VLF, Low
Frequency, Medium Frequency, Medium High
Frequency, High Frequency, VHF, UHF, UHF,
UHF, UHF and so on. Another band division
method marked by the English Alphabet, dividing
RE into L-Band, S-Band, C-Band, X-Band,
Ku-Band, K-Band, Ka-Band, and so on.

Using reference to the mechanism of radio
frequency band classifications, this standard
classifies the spectral efficiencies of the MCS
systems, so as to facilitate the classification,
discussion, evaluation and comparison of the
efficiency of the spectrum of information systems.

I1l. ABBREVIATIONS AND TERMS

A. Abbreviations

Volume 07, No.01, 2022

QAM Quadrature Amplitude Modulation
RE Resource Element
RSE Relative Spectral Efficiency
SE Spectral Efficiency
SEI Spectral Efficiency Index
SUE Spectrum Utilization Efficiency
TSEI Typical SE Indicator

TABLE 1. ABBREVIATIONS OF TERMS
Abbreviations Full Name
MCS Modulation and Coding Scheme
MIMO Multiple Input Multiple Output
FN Future Network

OFDM Orthogonal Frequency Division Multiplexing

OCCs Over-Capacity Communication Systems
OVXDM Overlapped X Domain Division Multiplexing
OVTDM Overlapped Time Domain Division Multiplexing
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B. Terms and Definitions

Over-Capacity Communication: Exchange of
information that has higher capacity than the
Shannon Limit.

OVXDM: An innovative way of modulation
and coding that utilizes multiple domains such as
time, frequency, spatial and coding overlapping
and multiplexing to achieve higher SE, no coding
overhead, higher coding gain and low decoding
complexity.

MCS Spectral Efficiency : The maximum
amount of useful information sent in one second
and per Resource Element (RE in Hz) through a
communication system based on its modulation
and Coding schemes.

Spectral Utilization Efficiency: the product of
the frequency bandwidth, the geometric
(geographic) space, and the time denied to other
potential users: U =B -S-T

Shannon Limit: Also known as Shannon
Capacity, defined by Claude Shannon in the 1940s
setting the limit of theoretically highest rate of
information transmission under certain noise
levels for a single channel.

Future Network: An International Standard
project developed and managed by ISO/IEC for a
new network system based on the clean slate
design approach. Publications include ISO/IEC
TR 29181 and ISO/IEC 21558-21559.
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IV. MCS SE CLASSIFICATION PRINCIPLES

A. Differentiating SE from USE

The SE (Spectral Efficiency) defined in this
standard shall not be confused with the Spectrum

Efficiency

ITU-RSM.1046-3  (2017).

TABLE I1 lists these differences:

TABLE II. COMPARISON OF THIS STANDARD WITH ITU STANDARDS
Comparison Objective This Standard ITU
1 Source ISO/IEC ITU-RSM.1046-3
2 Term Spectral Efficiency Spectrum Efficiency
3 Abbreviation MCS SE USE
4 Factor bps/Hz U=B-S T
5 Considering factors ] Capacity [ ] Bandwidth
° Resource element (Hz) [ ] Geometric space (area)
o Time (second) [ Time
6 Improvement method L] Modulation [ ] Antenna Directivity
o Channel Coding L] Geographical Spacing
° Frequency Sharing
° Orthogonal Frequency use
[} Time-sharing
[} Time division
SE Gain potentials Sky is the limit Limited potential
Perspective Communication system User
Service For all Denying others
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The MCS spectrum efficiency defined in this
standard refers to the number of bits of valid
information transmitted per second per hertz
frequency resource through technical means such
as modulation and channel coding.

The value of MCS spectrum efficiency is
relatively fixed. So long as we know the
modulation mechanism and channel coding
method used, we can deduct the performance level
of the theoretical MCS spectrum efficiency.
Because of the small variety of modulation
mechanism and channel coding methods, some
mainstream technology applications are very
broad, such as M-QAM technology in the field of
modulation and Turbo code and LDPC code in the
field of channel coding. Therefore, MCS spectrum
efficiency can be used as a general and important
index to assess the performance level of ICT in
different fields.
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B. Deciding the Range of SE

Currently, communication systems having SE
no higher than 10 bps/Hz, some systems may
reach 12 bps/Hz in about five years from now. At
such a low SE rate, there is no need for a standard
classify SE levels.

However, standards are expected to identify
future trends, provide directions for technological
development, and to have market relevance lasting
decades. Since there have been technical trends
indicating potential breakthrough in spectral
efficiency, this standard takes into account of SE
in the hundreds and thousands bps/Hz range.

C. MCS SE Classification Architecture

MCS SE classification system contains three
schemes described in TABLE Il11.
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TABLE Ill.  MCS SE CLASSIFICATION SYSTEM DESCRIPTION SCHEME
Scheme Feature Format Purpose
A Two Letter #-SE Indicating specific product SE capabilities
B Three Letter VSE Group SE into category of levels
C Four letter DDSE Provide an alternative and simpler classification of SE
D Two levels Lower Make broader range
V. MCS SPECTRAL EFFICIENCY indicating  “spectral efficiency at specific
CLASSIFICATION SCHEMES bps/Hz”.”
A. MCS SE Classification A: Two Letter Scheme Example:

The two letter MCS SE classification system
uses only two letters “SE” with numbers
indicating specific bps/Hz. It is used not for
referring to a level or class, but rather to indicate
specific SE performance of a product.

“56-SE”, which means spectral efficiency rate
at 56 bps/Hz.

“256-SE”, which means spectral efficiency rate
at 256 bps/Hz.

“1008-SE”, which means spectral efficiency

Expressmn descrlptlonf number of bits rate at 1008 bps/Hz.
(omitting “s/Hz”) with“-“followedby“SE”,
B. MCS SE Classification B: Three Letter Scheme
TABLE IV.  THREE LETTER SCHEME IN MCS SE CLASSIFICATION SCHEME
SE TSEI*
Index name Full Title SE Range (bps/Hz)
Index (bps/Hz)
SEl'1l BSE Basic Spectral Efficiency 0.1~2.0 2
SEI2 LSE Low Spectral Efficiency 2.1~5.9 5
SEI3 MSE Medium Spectral Efficiency 6~10.9 10
SEl 4 HSE High Spectral Efficiency 11~15 15
SEI5 VSE Very-High Spectral Efficiency 16~20 20
SEI 6 USE Ultra-High Spectral Efficiency 21~32 32
SEI'7 SSE Super Spectral Efficiency 33~64 64
SEI 8 OSE One-hundred level spectral efficiency 65~128 128
SEI9 ESE Extreme Spectral Efficiency 129~256 256
SEI 10 DSE 500 Spectral Efficiency 257~512 512
SEl11 JSE Jump Level spectral efficiency 513~999 768
SEl12 1-KSE 1K Spectral efficiency 1000~1999 1024
SEI13 2-KSE 2K Spectral efficiency 2000~2999 2048
SEI 14 3-KSE 3K Spectral efficiency 3000~3999 3072
SEI 15 4-KSE 4K Spectral efficiency 4000~4999 4096
SEI 16 XSE X Spectral efficiency 5000~6999 6144
*TSEI is the Typical SE indicator for its class.
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As Spectral Efficiency increases, the gaps
among the Three Letter Scheme also expand. In
SEI 4 and SEI 5, for example, there are only 4 bits
differences separating the high from the low. In
SEI 9, the gaps are over 200 bits and in SEI 12,
the gaps grow to one thousand.

It is anticipated that there will be need for more
accurate SE references or comparisons for the
upper part of the Three Letter Schemes. In that
case and when technological development
requires such changes, the Three Letter Scheme
may use the following extension Scheme.

Rule 1. No extension needed for indexes SEI
1~6.
Rule 2. The extension in grouped into two

index tables, one for SE lower than 1000 bps/Hz

TABLE V.
SSE 1 33-38 OSE1 65-69 ESE 1
SSE 2 39-43 OSE 2 70-74 ESE 2
SSE 3 44-49 OSE 3 75-79 ESE 3
SSE 4 50-55 OSE 4 80-84 ESE 4
SSE 5 56-60 OSE 5 85-89 ESE 5
SSE 6 61-64 OSE 6 90-94 ESE 6
OSE 7 95-99 ESE 7
OSE 8 100-104 ESE 8
OSE 9 105-109 ESE 9
OSE 10 110-114 ESE 10
OSE 11 115-119 ESE 11
OSE 12 120-124 ESE 12
OSE 13 125-128 ESE 13
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(TABLE V) and the other is for SE above 1000
bps/Hz (TABLE VD) .

Rule3. A single double digit
number is added to index name to
extension numbers.

Rule 4. For SSE and OSE indexes, 5bps/Hz
is used as hases for extension unit.

Rule 5. For ESE and DSE indexes, 10bps/Hz
is used as hases for extension unit.

Rule 6. For JSE indexes, 20bps/Hz is used as
bases for extension unit.

Rule 7. For KSE indexes, 50bps/Hz is used
as bases for extension unit.

Rule 8. For XSE indexes, 100bps/Hz is used
as bases for extension unit.

decimal
indicate

EXTENDED INDEX OF SE LOWER THAN 1000 BPS/Hz

129-139 DSE 1 257-269 JSE1 513-539
140-149 DSE 2 270-279 JSE 2 540-559
150-159 DSE 3 280-289 JSE 3 560-579
160-169 DSE 4 290-299 JSE 4 580-599
170-179 DSE 5 300-319 JSE 5 600-619
180-189 DSE 6 320-329 JSE 6 620-639
190-199 DSE 7 330-339 JSE 7 640-659
200-209 DSE 8 340-349 JSE 8 660-679
210-219 DSE 9 350-359 JSE 9 680-699
220-229 DSE 10 360-369 JSE 10 700-719
230-239 DSE 11 370-379 JSE 11 720-739
240-249 DSE 12 380-389 JSE 12 740-759
250-256 DSE 13 390-399 JSE 13 760-779
DSE 14 400-409 JSE 14 780-799
DSE 15 410-419 JSE 15 800-819
DSE 16 420-429 JSE 16 820-839
DSE 17 430-439 JSE 17 840-859
DSE 18 440-449 JSE 18 860-879
DSE 19 450-459 JSE 19 880-899
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DSE 20 460-469 JSE 20 900-919
DSE 21 470-479 JSE 21 920-939
DSE 22 480-489 JSE 22 940-959
DSE 23 490-499 JSE 23 960-979
DSE 24 500-512 JSE 24 980-999

TABLE VI. EXTENDED INDEX OF KSE AND XSE (SE ABOVE 1000 BPS/HZ)

1KSE 1 1000-1049 2KSE 1 2000-2049 3KSE 1 3000-3049 4KSE 1 4000-4049 XSE 1 5000-5099
1KSE 2 1050-1099 2KSE 2 2050-2099 3KSE 2 3050-3099 4KSE 2 4050-4099 XSE 2 5100-5199
1KSE 3 1100-1140 2KSE 3 2100-2140 3KSE 3 3100-3140 4KSE 3 4100-4140 XSE 3 5200-5299
1KSE 4 1150-1199 2KSE 4 2150-2199 3KSE 4 3150-3199 4KSE 4 4150-4199 XSE 4 5300-5399
1KSE 5 1200-1249 2KSE 5 2200-2249 3KSE 5 3200-3249 4KSE 5 4200-4249 XSE 5 5400-5499
1KSE 6 1250-1299 2KSE 6 2250-2299 3KSE 6 3250-3299 4KSE 6 4250-4299 XSE 6 5500-5599
1KSE 7 1300-1349 2KSE 7 2300-2349 3KSE 7 3300-3349 4KSE 7 4300-4349 XSE 7 5600-5699
1KSE 8 1350-1399 2KSE 8 2350-2399 3KSE 8 3350-3399 4KSE 8 3350-4399 XSE 8 5700-5799
1KSE 9 1400-1449 2KSE 9 2400-2449 3KSE 9 3400-3449 4KSE 9 4400-4449 XSE 9 5800-5899
1IKSE 10  1450-1499 2KSE 10 2450-2499 3KSE 10 3450-3499 4KSE 10 4450-4499 XSE 10 5900-5999
1IKSE 11 ~ 1500-1549 2KSE 11 2500-2549 3KSE 11 3500-3549 4KSE 11 4500-4549 XSE 11 6000-6099
1IKSE 12 1550-1599 2KSE 12 2550-2599 3KSE 12 3550-3599 4KSE 12 4550-4599 XSE 12 6100-6199
1KSE 13 1600-1649 2KSE 13 2600-2649 3KSE 13 3600-3649 4KSE 13 4600-4649 XSE 13 6200-6299
1IKSE 14  1650-1699 2KSE 14 2650-2699 3KSE 14 3650-3699 4KSE 14 4650-4699 XSE 14 6300-6399
1IKSE 15  1700-1749 2KSE 15 2700-2749 3KSE 15 3700-3749 4KSE 15 4700-4749 XSE 15 6400-6499
IKSE 16  1750-1799 2KSE 16 2750-2799 3KSE 16 3750-3799 4KSE 16 4750-4799 XSE 16 6500-6599
1KSE 17 1800-1849 2KSE 17 2800-2849 3KSE 17 3800-3849 4KSE 17 4800-4849 XSE 17 6600-6699
1IKSE 18  1850-1899 2KSE 18 2850-2899 3KSE 18 3850-3899 4KSE 18 4850-4899 XSE 18 6700-6799
1IKSE 19  1900-1949 2KSE 19 2900-2949 3KSE 19 3900-3949 4KSE 19 4900-4949 XSE 19 6800-6899
1IKSE 20  1950-1999 2KSE 20 2950-2999 3KSE 20 3950-3999 4KSE 20 4950-4999 XSE 20 6900-6999

C. MCS SE Classification C: Four Letter Scheme

TABLE VII. FOUR LETTER SCHEME IN MCS SE CLASSIFICATION SCHEME

SE Relative B categories
Title Whole Title
(bps/Hz)
1 SDSE Single Digits Spectral Efficiency 0-9 BSE, LSE, MSE
2 DDSE Double Digits Spectral Efficiency 10-99 HSE, VSE, USE, SSE, OSE
3 TDSE Triple Digits Spectral Efficiency 100-999 ESE, DSE, JSE
4 QDSE Quadruple Digits Spectral Efficiency 1000-9999 M-KSE, XSE
D. MCS SE Classification D: Comparative Scheme
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TABLE VIIl. COMPARISON SCHEME OF MCS SE CLASSIFICATION SCHEME

SE Relation with other categories
Title Whole Title
(bps/Hz)
1 L lower none All levers below a specific class
2 H higher none All levers above a specific class

V1. SAMPLE OF MAKING REFERENCES

A. Making reference to the standard

This standard is giving the original title
“OCC-STD 21001”, established by the developer
institution. When adopted into other standard
systems such as China’s Industry standard,
National Standard, ISO standard and ITU standard,
the title and number may be reassigned. Before
then, “OCC-STD 21001” is the only source for
MCS SE classifications.

In the future, when making references to the
classification schemes, it is recommended that a
note is included in the document that the SE
classifications are defined in “OCC-STD 21001
(2021)”  developed by Nanjing Bofeng
Communication Technologies Ltd.

B. Examples Referring Specific Classification
Levels

e In 2023, the company is expected to deliver
communications systems utilizing
innovative modulation schemes that can
provide VSE level spectral efficiency
defined in “OCC-STD 21001”.

e Comparing MCS spectral efficiency, the
two products belong to two generations
with Sample A is only at the VSE level
while Sample B contains USE modulation
technology.

e Industry consensus is that the KSE level
spectral efficiency technology is only a few
years away.
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e Some experts anticipate that entering the
next decade, communication systems can
reach the QDSE level Spectral Efficiency
as defined in the Four Letter Classification
System in “OCC-STD 21001”.

C. Recommended Use of Comparative Scheme

e When use these two expressions, they shall
be accompanied with reference to a specific
SE class level.

e Example:

e So far, the most advanced wireless
communication system have MCS spectral
efficiencies lower than the VSE level as
defined in  “OCC-STD 21001”.

e It is expected that products with higher
spectral efficiency than the VSE level will
enter service by 2025.

e The new system has backward
compatibility design providing continuous
support to MCS SE levels of.

D. Referring Specific SE Rate

When referring specific SE rate, the following
statement are examples:

e “Bofeng.com offers two radio systems that
operate at SSE level spectral efficiency as
defined in “OCC-STD 21001”. Radio A
system has 48-SE modulation scheme and
Radio B system has 64-SE capabilities.

e Product specification. MCS SE: 32-SE,
48-SE  and 64-SE. This description
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indicates the system contains three types of
MCS supporting three SE rates.

VII.  POTENTIAL IMPACT ON FUTURE
NETWORK STANDARDIZATION

Future  Network is an International
Standardization project created and managed by
ISO/IEC. The project has produced technical
reports in ISO/IEC TR 29181 series and is in the
process setting architectures and protocols. The
project is known for its distinctive “clean slate
design” approach and works on fundamental
structural innovations to allow Future Network
deliver its promises.

Making MCS-SE classification system a Future
Network standardization item can benefit the
project in many ways. Firstly, ISO/IEC Future
Network will become the first international
standards adopting a MCS SE classification
system; Secondly, Other standardization bodies
may adopt this system or make normative
reference to this standard; Thirdly, ISO/IEC
Future Network becomes the first standard
indicating future trends in MCS SE development;
Fourthly, the inclusion of three digits and four
digits MCS SE in Future Network standards will
reflect the huge potential of network performance
and capabilities; and finally, the successful
adoption of this standard will open the door of
ISO/IEC Future Network standards to future
technologies that achieve higher and higher MCS
SE.

ISO/IEC Future Network should prepare itself
for future breakthrough in SE technology and
make plans to adapt Future Network to the fast

changing “Post Shannon Era” technological
revolutions.

REFERENCES
[1] T. M. Cover and J. A. Thomas, Elements of

Information Theory. Hoboken, NJ, USA: Wiley, 2006.

105

Volume 07, No.01, 2022

[2] L. Daoben, Waveform Coding Theory of High Spectral

Efficiency-OVTDM and Its Application. Beijing,
China: Scientific, 2013.
[3] L. Daoben, ““A novel high spectral efficienc

waveform coding-OVFDM,”’
no. 2, pp. 61-73, Feb. 2015.

S. G. Wilson, Digital Modulation and Coding.
Englewood Cliffs, NJ, USA: Prentice-Hall, 1996.

L. Daoben, ‘“A novel hilgh spectral efficiency
waveform coding-OVTDM,”” Int. J. Wireless Commun.
%%B,”e Comput., vol. 2, nos. 1-4, pp. 11-26, Dec.

L. Daoben, Statistical Theory of Signal Detection and
Estimation, 2nd ed. Beijing, China: Scientific, 2005

J. G. Proakis, Digital Communications. New York, NY,
USA: McGraw-Hill, 2001.

G. J. Foschini, ‘‘Layered space-time architecture for
wireless communication in a fading environment when
using multi-element antennas,”’ Bell Labs Tech. J., vol.
1, no. 2, pp. 41-59, 1996.

G. J. Foschini and M. J. Gans, “‘On limits of wireless
communications in a fading environment when using
multiple antennas,”” Wireless Pers. Commun., vol. 6,
no. 3, pp. 311-335, Mar. 1998

[10]S. Wu, L. Kuang, Z. Ni, J. Lu, D. D. Huang, and Q.
Guo, ‘‘Low-complexity iterative detection for
large-scale multiuser MIMO-OFDM systems using
approximate message passing,”’ IEEE J. Sel. Topics
Signal Process., vol. 8, no. 5, pp. 902-915, Oct. 2014.

[11]N. Wu, W. Yuan, H. Wang, Q. Shi, and J. Kuang,
‘‘Frequency-domain iterative message passing receiver
for faster-than-Nyquist signaling in doubly selective
channels,”” IEEE Wireless Commun. Lett., vol. 5, no.
6, pp. 584-587, Dec. 2016.

[12]J. COspedes, P. M. Olmos, M. S&Enchez-Fern&ndez,
and F. Perez-Cruz, ‘‘Expectation i)ropa ation detection
for h[?h-order high-dimensional MIMO systems,”’
IEEE Trans. Commun., vol. 62, no. 8, pp. 2840-2849,
Aug. 2014.

[13]A. L. Swindlehurst, E. Ayanoglu, P. Heydari, and F.
Capolino, ‘‘Millimeterwave massive MIMO: The next
wireless revolution?”’ IEEE Commun. Mag., vol. 52,
no. 9, pp. 56-62, Sep. 2014.

[14]H. Q. Ngo, E. G. Larsson, and T. L. Marzetta, “Ene,\r/ﬁg
and spectral efficiency of very large multiuser Ml
systems,”” IEEE Trans. Commun., vol. 61, no. 4, pp.
1436-1449, Apr. 2013.

[15]Y. S. Cho, J. Kim, W. Y. Yang, and C. G. Kang,
MIMO-OFDM Wireless Communication Technology
With MATLAB. Beijing, China: PublishingHouse of
Electronics Industry, 2013.

[16]Y. D. Zhang, M. G. Amin, and B. Himed, ‘‘Altitude
estimation of maneuvering targets in  MIMO
over-the-horizon radar,”” in Proc. IEEE 7th IEEE
Sensor Array Multichannel S'é;nal Process. Workshop
(SAM), Jun.”2012, pp. 257-26

[17]E. G. Larsson, O. Edfors, F. Tufvesson, and T. L.
Marzetta, ‘‘Massive MIMO for next generation
wireless systems,”” IEEE Commun. Mag., vol. 52, no. 2,
pp. 186-195, Feb. 2014.

[18]U. Gustavsson et al., ““On the impact of hardware
impairments on massive MIMO,”” in Proc. IEEE
Global Telecommun. Conf. Workshops %GC Wkshps),
Austin, TX, USA, Dec. 2014, pp. 294-300.

[19]E. Bjornson, M. Matthaiou, and M. Debbah, ‘“Massive
MIMO with nonideal arbitrary arrays: Hardware
scaling laws and circuit-aware design,”” IEEE Trans.

hina Commun., vol. 12,
[4]
[5]

(6]
[7]
(8]

(9]



International Journal of Advanced Network, Monitoring and Controls

\2/\(/)i1rgless Commun., vol. 14, no. 8, pp. 4353-4368, Aug.

[20]J. E. Mazo and H. J. Landau, ‘‘On the minimum
distance problem for faster-than-Nyquist signaling,”’
}\IIEEEngrggs. Inf. Theory, vol. 34, no.’6, pp. 1420-1427,

ov. .

[21]F. Rusek and J. B. Anderson, ‘‘CTH04-1: On
information rates for faster than Nyquist signaling,”’ in
Proc. IEEE GLOBECOM, Nov./Déc. 2006, pp. 1-5.

[22]F. Rusek and J. B. Anderson, ‘‘Multistream faster than
Nyquist signaling,”” IEEE Trans. Commun., vol. 57, no.
5, pp. 1329-1340, May 2009.

[23]J. B. Anderson, F. Rusek, and V. Owall,
“‘Faster-than-Nyquist signalin%,” Proc. IEEE, vol. 101,
no. 8, pp. 1817-1830, Aug. 2013.

[24] A. Prlja and J. B. Anderson, ‘‘Reduced-complexity
receivers for strongly narrowband intersymbol
interference  introduced by  faster-than-Nyquist

signaling,”” IEEE Trans. Commun., vol. 60, no. 9, pp.
2591-2601, Sep. 2012.

[25]S. Sugiura, ‘‘Frequency-domain equalization of
faster-than-Nyquist ~ signaling,”” IEEE  Wireless
Commun. Lett., vol. 2, no. 5, pp. 555-558, Oct. 2013.

[26]J. Fan, S. Guo, X. Zhou, Y. Ren, G. Y. Li, and X. Chen,

‘‘Faster-thanNyquist signaling: An overview,”’ IEEE
Access, vol. 5, pp. 1925-1940,2017.

106

Volume 07, No.01, 2022

[27]1K. Takeuchi, M. Vehkapera, T. Tanaka, and R. R.
Muller, ‘‘Large-system analgms of joint channel and
data estimation for MIMO DS-CDMA systems,”” IEEE
;’(r)eir%s. Inf. Theory, vol. 58, no. 3, pp. 1385-1412, Mar.

[28]D. Dasalukunte, V. Owall, F. Rusek, and J. B.
Anderson, Faster than Ny'(\]lmst Signaling: Algorithms
to Silicon. Dordrecht, The Netherlands: Springer, 2014,

[29]E. Bedeer, M. H. Ahmed, and H. Yanikomeroglu, ‘A
very low complexity successive symbol-by-symbol
se%uence estimator for faster-than-Nygwst signaling,”’
IEEE Access, vol. 5, pp. 7414-7422, 2017.

[30]A. D. Liveris and C. N. Georghiades, ‘‘Exploiting
faster-than-Nyquist signaling,”’ IEEE Trans. Commun.,
vol. 51, no. 9, pp. 1502-1511, Sep. 2003.

[31]Y. J. D. Kim and J. Bajcsy, ‘‘Iterative receiver for
faster-than-Nyquist

broadcasting,”” Electron. Lett., vol. 48, no. 24, pp.
1561-1562, Nov. 2012.
[32]Y. J. D. Kim, J. Bajcsy, and D. Vargas,

‘‘Faster-than-Nyquist broadcasting )

in Gaussian channels: Achievable rate regions and
coding,”” IEEE Trans.

Commun., vol. 64, no. 3, pp. 1016-1030, Mar. 2016.



International Journal of Advanced Network, Monitoring and Controls

Volume 07, No.01, 2022

REM LB RAE R RS RTR

Fr
0 7R X 2% 5 A 47 )[R K S e =
P2 Tk K%
o [ R PG 48 PG 22 T R SR IX 22T P % No.2 5

FE: fER—ANH 1SO/IEC IR A 2 i) PRbm AL TR
H, REMEZDZ4ET ISO/IEC TR 29181 BRI HIF AR

%, FELATREGRKFEMARBE. ZIHE M
HREH “&Ft” FRMEL, HBOTEANS
HIRIHT, DAMERRRME LIRS EfR. R,
KRR BB AL TAERN SE SR BIAR R B T 1
%, iR, ERRMEEPAREZ A« F R BT
ROBARE A . RIS E RIS RUH, X MCS
REGHE R R BIT 2R, ETHEERANILERER
HITAE. e, PR

K@i RFNELITH; IEHEHETE: B
V3
1. 48

A B PR AR W 2% 1) 28— T [ Brb R v 4R 26
(BZ) , ZIRE (R WA, KT ITC
1/SC 6/WG 7 TAEFIBN, HiE 1 3t ATk R
+ (R , RERRUNZ EPEHFR
(P2 TR, FFRIEFE R NS AT
A& ITU-R F1 ICAO, [FIF B:& ECMA.3GPP
1 IEEE =/ NHAHITEFEIT A

AR LA = A0 SRR AT L

ISO/IEC TR 29181: AWM %% [u]fifgiAAN
B, 5 1-9 #5)s

ITU-R SM.856-1: FiHlilk SR AR AL
(1992-1997) ;

ITU-R SM.1046-3: To2k HL R e fif F &0
f) 5 X (2017-09-06).

107

IRV
7R X £ S5 A s oK S =
EARyNZ
Hh R P 4 Y 2 TR SR IX 2 i No.2 5

AR R4 “ Tk BIFTASERL I 40
I ERRERE S (5, 4t 7RSI g
T EHE R MCS SE (Modulation and Coding
Scheme Spectral Efficiency) 732K 5%, W5
AR 7547 1 :

MCS SE HI5E X ;

MCS SE 73287772

MCS SE it 444 5

SECS HEFF 3 H 7915

X A K P £ AE A AT A R

Al e SE AR FH 23 2 [A] AN [A] R

2. TFRHE =

AT R AR RS SIS RA KK —
AN RERAEDS, B AT LUV EL A R 2 Ot
Refabr, BAEIGIRIA SR HE . 5B fE
MR, BEAREE. TP, RWHEZ
BRI (%) B U5 R FH 28 bR =y, ()N o 6
m, Wl B E ok, Bk, $& &0
TECRAE BEEHAR (CT) GlH ks B
Wz —

B A5 BT ERAROR R R, (5
JRIBAE R G HIIE R AE AW = 20
SR IE (S R GG AR I AL TARK I KT
A 13 2 M EeRE. &0d 20 fERR R, HAr 4
ARGURE 2R T 10 FURF ARG R FOR,
A BB D 2K 12 LERF I RN —
BRbrHER R



International Journal of Advanced Network, Monitoring and Controls Volume 07, No.01, 2022

B, BRI —REEE I AR HE LTI,
WRAE P SL R B AR RS s 0 A, H 2 kI IR
AZIAME (M-QAMD I il Al S A B AR S R PR
i, ARREE B TR GE AT 28R K Y
KRR NG TSR TRTT(E 20 SENTE R 16 LLAS,
45 SEPNIEH 20 LU, T SRR — PRt 2 32
WG BRI LA . SIEFE, ABEHERR
H T S8 A5 ) B R il 2 B R B ) H
BL, TS B R (1 PR B = (AT REE

fEJE B AR, SRS RCR R 2 MO8 E Bl
WHAR ACT) KPR EERIE . TR
2 A, WA SRS R e
AP PRAER L 20 EOfs, IXBIJLH Lo =
JUTFEEkF o I8 S B S (e S R A
T BRI B AR S5 REFTHIRR o

EIHAWEBBERE (TU) i
RSM.1046-3 1 RILE 1 AI3E A F RCHR 1K) € LA
56 FH 2% R ARG A VPG 50, (BB 1R A
H A% 7% (MCS) Mk R 1) 7 KLl 1
AL, X AR AE R G BRI E
i VPG EFAE B AL

fltn, fE— e foREEER S, H T L
A BN ARPTE AR AR RR” BT
W, (BT BRI E SRR P

% /b LR AT R S MRS 350872 2 /DA
(R ATI T 205 6 A2 R AT R 2 M 24— R4 &)
7, K 10 LREF RGERR A EAIRE AR,
4 16 EbdF. 20 Eokr. 32 HhAsEE 128 Ebiy
(RTS8 2 TRk, AN A A
Tl R T iy BTG R IR B o bR R A
BB A SR 2 T A T GRS i R A A R 402
()7 21

TETC LR IS H A, AT Rk 2 Fh oy
KHRE, XRRBAFIZEH AR T Z: O
REVR(RE)RI N THk2% . JEk. TIRBRZZ AN
Khak; @IET UK, BEFE (RE) 454
K. KB . Y. EER . MRS
HH s ORI T8, BRI (VLF) |
A, P, TR, A BRI (VHF)
HEA (UHF) &5 @R BEARRE, #
PSR RE 8 LB S-IEL. C-IREL.
X-PB . Ku-I B K- Ka-i B,

AW ES S P 70 L], X MCS &
LRI R BT 0 2R, TR R RS
RT3 28 Wk, PP RTERAL.

3. RiEHE
31 4

® 1RGSR

#5 £ AR
MCS Modulation and Coding Scheme BH RIS E
MIMO Multiple Input Multiple Output ZANZEFEAR
FN Future Network KRR
OFDM Orthogonal Frequency Division Multiplexing EXIMNE R
0CCs Over-Capacity Communication Systems BREBNRAS
OVXDM Overlapped X Domain Division Multiplexing BEEXNEHERRS
OVTDM Overlapped Time Domain Division Multiplexing BEENTBERRS
QAM Quadrature Amplitude Modulation EXiAE
RE Resource Element HRTE
RSE Relative Spectral Efficiency EPS DTN
SE Spectral Efficiency S R
SEI Spectral Efficiency Index S R IR
SUE Spectrum Utilization Efficiency S E SR
TSEI Typical SE Indicator 2 BRGNS

108



International Journal of Advanced Network, Monitoring and Controls

3.2 KiEFEX

A EIEIN: 5 B AT A = A& A PR

OVXDM: —#al#r i s gmid 77 =, FH
R AR, 7S] 55 2 AN DA R g il 1) 2 B AT
ZHEH, PUARIFE SRS R, Tomig I
BY, B S ) g A B 25 AL R R 24

WH GRS T RIS RCR . RIEIEE RS
WA %R, F—%IEFIT (RE LLH NH
) R RIER R KA HEEE.

AR R R e, JUA ) 28]
OB R] P R AR, S AL S A T AR R T
U=B-S-T

TR NRERAE, £+ htLl+
FACH Claude Shannon 5 X, NH—(SEE—

Volume 07, No.01, 2022

SE M KPR 158 B e 1S B AR R
[PIARBR -

KMz —ANH ISONEC FT A& A FE 1) [H
brbriEIH, ERETEHHIMNE RGBT
o HRYIEHE ISO/IEC TR 29181 Al ISO/IEC
21558-21559.

4. MCS SE 432K 5 )
4.1 W% (SE) Al EAELCF (USE)D /Y
X
AIrUEFE X SE (FiEE) ANz
ITU-RSM.1046-3 (2017)F IS SRR .
TH] I A8 BT A B A2 AT T 2 TE] PR DX ) <

K 2 AhriES ITU brufext e

LR & AR ITU
1 e ISO/IEC ITU-RSM.1046-3
2 KiB Spectral Efficiency Spectrum Efficiency
3 H51ia MCS SE USE
4 BF RAFE bps/Hz U=B-ST
* ZE o Wm
5 ERAR ® HERTE (% Ho) o JLEZEjE (HE)
e g (B) o g
®  R&iEMEM
o hIEzsig
o Al o SIEANMH
6 B TT %
o BERD o FXIEMEA
® SEEA
o [EklS
7 SE #E#5B 7 SEFREIT SE #8 SE BHERARM
8 nA BMERG AR
9 R XHFTE FHR B HEANEA

AHREE LK) MCS A 3 it H e 1 )
UGBS E B T-BE, M0 3RAT B 250 %
BEIRAE RO A o (AT 205 AL A

109

MCS FRIE R AR AT [ € 1), R EERE
PITASE FH AR IR L AN TE S 5, it nT DAHE
Tt MCS JiE R AP ERIVEREAKF. i T
PR A E g AR 2R R, Ttk



International Journal of Advanced Network, Monitoring and Controls

FRMEARPI N HAET 2, a4
M-QAM Hi AR LK AF 18 a4k 1 1) Turbo #%
A1 LDPC i, [Hit, MCS #iik i n] LIE ot
& ICT FEAS[FATH M BE 7K ) — AN s H 2
4R PR -
4.2 iE SE BIiE1H

HAT, #E/%0 SE A& T 10bps/Hz, —
S 2GR RETE R b 4518 %] 12bps/Hz. 7EUn
AR SE LR, B % EXT SE AKFE ThR

K.

Volume 07, No.01, 2022

SR, NATTHTERXRE ) — MR HERE S SR [ R
KREGES, AR RIERMTT R, IR L
HAFRHImHRNE. BT HEREHRYE
PRV R T A T VR, A b5 18 14
HOE AT bps/Hz i [ N IS 350

4.3 MCS SE #2542 44

MCS SE 733 ARG MR Ak 1) =Fp 5
e

* 3MCS SE R ARG iR T &

5. MCS #iit 3R 3 27 &
5.1 MCS SE 25A: B PFEhE %

AN EEH MCS SE 2028 248 A AE AN+
“SE” ¥ BoRFRE R bps/Hz. B AR
TSI E, M FHenr € SE
PERE

Foak AR < 5 ER<SE” 1 bE s H (48 18
“s/Hz”), R “HFE bps/Hz T HIBE SR,

T HHE hRAN B
A ANFE #-SE R4S EF= 5 SE B
B =4FE VSE ¥ SE LR FIKR 54
c A DDSE REF—ANTERE. EE LM SE S
D = Lower EIZHRA
Bl

“56-SE” 7 56bps/Hz FIATIIE XK

“256-SE” I~ 256bps/Hz FIAIIL % .

“1008-SE” 71~ 1008bps/Hz HIATRERR .
5.2 MCS SE 28B: =FALE5H %

# 4MCS SE 3 RTT F M =7 BT %

SE TSEI*
L £ SE SEE (bps/Hz)
]| (bps/Hz)
SEI'l BSE Basic Spectral Efficiency 0.1~2.0 2
A

SEI 2 LSE Low Spectral Efficiency 2.1~5.9 5
IRBUE R

SEI3 MSE Medium Spectral Efficiency 6~10.9 10
R

SEl 4 HSE High Spectral Efficiency 11~15 15

SEI5 VSE Very-High Spectral Efficiency 16~20 20




International Journal of Advanced Network, Monitoring and Controls

Volume 07, No.01, 2022

R R
SEI 6 USE Ultra-High Spectral Efficiency 21~32 32
B
SEI'7 SSE Super Spectral Efficiency 33~64 64
BRI
SEI 8 OSE One-hundred level spectral efficiency 65~128 128
100 RIIERE
SEI9 ESE Extreme Spectral Efficiency 129~256 256
IRASER R
SEI 10 DSE 500 Spectral Efficiency 257~512 512
500 FEERR
SEl11 JSE Jump Level spectral efficiency 513~999 768
BRIT RERATE R
SEI 12 1-KSE 1K Spectral efficiency 1000~1999 1024
1000 SFRERER
SEI 13 2-KSE 2K Spectral efficiency 2000~2999 2048
2000 S7HERER
SEIl 14 3-KSE 3K Spectral efficiency 3000~3999 3072
3000 S 3E
SEI 15 4-KSE 4K Spectral efficiency 4000~4999 4096
4000 SE
SEI 16 XSE X Spectral efficiency 5000~6999 6144
X SRR
*TSENZER T RYSEY SE f517

BEE SRR P m, =R R E
PRy K. i, /& SEI4 A1 SEIS #, H
H 4 7 2 m WP A B 43 JF o 7E SEN9
[BIBR R 200 745, 1AL SEI12 o, [AIRRIE N
3] 1000 F .

Xt F =R R EES, T S v
W) SE % ¥kl e b 7 R ZEXFh BT,
BRI R T BRI SURR, =ERE&RT
DL R 51 )\ S5 B0 34T 4 R -

LM 1. SEI1~6 NEERE;

KU 2. ¥R o 1 Ak R 51 R, —ik
U 5 Az~ SE {iKF 1000bps/Hz H1E .,
iKWk 6 B~ SE T 1000bps/Hz 1)
15 05

111

BN 3. — 187 5 P 1 A7 2 1) 5 e v o 1)
2| Bk FRR R

FUN] 4. %FF SSE 1 OSE %5, 5bps/Hz 1k
N R LTI SR

N 5. %fT ESE M1 DSE ‘&3], 10bps/Hz 1
N R LTI SR

U 6. %FT JSE Z&5l, 20bps/Hz 1E N &
FLTT I A

KR 7. %FF KSE & 5], 50bps/Hz 1E AT f&
FATGI A

I 8. XfF XSE & 5|, 100bps/Hz 1F ¥ i
TR FEAL .



International Journal of Advanced Network, Monitoring and Controls Volume 07, No.01, 2022

% 5 {X-T 1000SE HI4R /&

65~128 129-256 257~512 513~999

SE SE SE SE

SSE 1 33-38 OSE 1 65-69 ESE 1 129-139 DSE 1 257-269 JSE1 513-539
SSE 2 39-43 OSE 2 70-74 ESE 2 140-149 DSE 2 270-279 JSE 2 540-559
SSE 3 44-49 OSE 3 75-79 ESE 3 150-159 DSE 3 280-289 JSE 3 560-579
SSE 4 50-55 OSE 4 80-84 ESE 4 160-169 DSE 4 290-299 ISE4 580-599
SSE 5 56-60 OSE 5 85-89 ESE 5 170-179 DSE 5 300-319 JSE5 600-619
SSE 6 61-64 OSE 6 90-94 ESE 6 180-189 DSE 6 320-329 JSE 6 620-639
OSE 7 95-99 ESE 7 190-199 DSE 7 330-339 ISE7 640-659

OSE 8 100-104 ESE 8 200-209 DSE 8 340-349 JSE 8 660-679

OSE 9 105-109 ESE 9 210-219 DSE 9 350-359 JSE9 680-699

OSE 10 110-114 ESE 10 220-229 DSE 10 360-369 JSE 10 700-719

OSE 11 115-119 ESE 11 230-239 DSE 11 370-379 JSE 11 720-739

OSE 12 120-124 ESE 12 240-249 DSE 12 380-389 JSE 12 740-759

OSE 13 125-128 ESE 13 250-256 DSE 13 390-399 JSE 13 760-779

DSE 14 400-409 JSE 14 780-799

DSE 15 410-419 JSE 15 800-819

DSE 16 420-429 JSE 16 820-839

DSE 17 430-439 JSE 17 840-859

DSE 18 440-449 JSE 18 860-879

DSE 19 450-459 JSE 19 880-899

DSE 20 460-469 JSE 20 900-919

DSE 21 470-479 JSE 21 920-939

DSE 22 480-489 JSE 22 940-959

DSE 23 490-499 JSE 23 960-979

DSE 24 500-512 JSE 24 980-999

#* 6 KSE 1 XSE #i /g & 5]
1000-1999 2000-2999 SEI 13 3000-3999 SEI 14 4000-4999 5000-6999
SE SE EXT SE EXT SE SE
Index Index

1KSE 1 1000-1049 2KSE 1 2000-2049 3KSE 1 3000-3049 4KSE 1 4000-4049 XSE 1 5000-5099
1KSE 2 1050-1099 2KSE 2 2050-2099 3KSE 2 3050-3099 4KSE 2 4050-4099 XSE 2 5100-5199
1KSE 3 1100-1140 2KSE 3 2100-2140 3KSE 3 3100-3140 4KSE 3 4100-4140 XSE 3 5200-5299
1KSE 4 1150-1199 2KSE 4 2150-2199 3KSE 4 3150-3199 4KSE 4 4150-4199 XSE 4 5300-5399
1KSE 5 1200-1249 2KSE 5 2200-2249 3KSE 5 3200-3249 4KSE 5 4200-4249 XSE 5 5400-5499
1KSE 6 1250-1299 2KSE 6 2250-2299 3KSE 6 3250-3299 4KSE 6 4250-4299 XSE 6 5500-5599
1KSE 7 1300-1349 2KSE 7 2300-2349 3KSE 7 3300-3349 4KSE 7 4300-4349 XSE 7 5600-5699

112



International Journal of Advanced Network, Monitoring and Controls Volume 07, No.01, 2022

1KSE 8 1350-1399 2KSE 8 2350-2399 3KSE 8 3350-3399 4KSE 8 3350-4399 XSE 8 5700-5799
1KSE 9 1400-1449 2KSE 9 2400-2449 3KSE 9 3400-3449 4KSE 9 4400-4449 XSE 9 5800-5899
1KSE 10 1450-1499 2KSE 10 2450-2499 3KSE 10 3450-3499 4KSE 10 4450-4499 XSE 10 5900-5999
1KSE 11 1500-1549 2KSE 11 2500-2549 3KSE 11 3500-3549 4KSE 11 4500-4549 XSE 11 6000-6099
1KSE 12 1550-1599 2KSE 12 2550-2599 3KSE 12 3550-3599 4KSE 12 4550-4599 XSE 12 6100-6199
1KSE 13 1600-1649 2KSE 13 2600-2649 3KSE 13 3600-3649 4KSE 13 4600-4649 XSE 13 6200-6299
1KSE 14 1650-1699 2KSE 14 2650-2699 3KSE 14 3650-3699 4KSE 14 4650-4699 XSE 14 6300-6399
1KSE 15 1700-1749 2KSE 15 2700-2749 3KSE 15 3700-3749 4KSE 15 4700-4749 XSE 15 6400-6499
1KSE 16 1750-1799 2KSE 16 2750-2799 3KSE 16 3750-3799 4KSE 16 4750-4799 XSE 16 6500-6599
1KSE 17 1800-1849 2KSE 17 2800-2849 3KSE 17 3800-3849 4KSE 17 4800-4849 XSE 17 6600-6699
1KSE 18 1850-1899 2KSE 18 2850-2899 3KSE 18 3850-3899 4KSE 18 4850-4899 XSE 18 6700-6799
1KSE 19 1900-1949 2KSE 19 2900-2949 3KSE 19 3900-3949 4KSE 19 4900-4949 XSE 19 6800-6899
1KSE 20 1950-1999 2KSE 20 2950-2999 3KSE 20 3950-3999 4KSE 20 4950-4999 XSE 20 6900-6999

5.3MCSSE Z5C: JUFEhErZ

# TMCS SE 733675 B Y 7 RETT 5

SE
Rl FEEIRA LERSECNES
(bps/Hz)

Single Digits Spectral Efficiency
SDSE 0-9 BSE, LSE, MSE

BRI

Double Digits Spectral Efficiency
DDSE 10-99 HSE, VSE, USE, SSE, OSE

WF T HE R

Triple Digits Spectral Efficiency
TDSE _ s 100-999 ESE, DSE, JSE
=ZF SRR

Quadruple Digits Spectral Efficiency
QDSE I 1000-9999 M-KSE, XSE
F AT R

54MCSSE 25D: KT E

% 8 MCS SE 72677 P I LA 5

_ _ SE S5HAmSEBENXR
FRRA SEEARM
(bps/Hz)
1 L 1% I B RTHRELNFR
2 H =) I FrEmTHEXMNNEFR

6. X AARHE A IR 6.1 Z=Ffnift

Sof A THRRE 2S00 2] R, TTUAS LR AIERT R 4 & “OCC-STD 210017, HIF K
e aiatiait et HURII5E . 2 e Rl bE R b
ISO Axdff [l B BB HE S5 H A AR HEAR R I,

113



International Journal of Advanced Network, Monitoring and Controls

AJ X A R g 5 HEAT BB S . AE L2 R,

“OCC-STD 2100142 MCS SE 4325 [ — i
A IEES KT RIN,  BHE Ay B

SE /R m R HFEBEEHAREGRAF KT

“OCC-STD 21001(2021)” #4772 X .

6.2 ZFHHFT BRI

(1) 7F 2023 5, ZAFA BAAHEHCH
W T ZEE RS, 7] LR At“0OCC-STD
2100115 LI VSE BAERH

(2) BB MCS SIS SR, PIAT= e T
WA, A FEAIALE VSE /KF, BFEAHRE USE
PAHEA

(3) PR, KSE 2 [rsat s 2 A
B LR TE]

(4) —8EZEM, N A48, @
AL ATLLIE S| “OCC-STD 210017 DY RE432K &
g 52 XK QDSE ik s % .

6.3 HHZEIEHIIH I T 5

MFE XA RIS T R, BTN AZE S
— /N BRI SE 43 25K°F, DUMETFHLE .

(D BIHATNIE, ST LIERERRH
MCS S 52K T-“OCC-STD 2100179 52 X[
VSE /K-,

(2) Filit3] 2025 4, W HEEFT VSE K
SR BN A

ARG HA MG HAERTT, FHEXT MCS
SE R IIFrECFF
6.4 HLUZZFZHILHISE %

4524 ] SE LRI, R R 0 -

(1) “Bofeng.com”f& AN TCLL L R 4t
FHE“OCC-STD 210017715 SLH) SSE A HE 2
FIigiT. P9 A R HA 48-SE T %, &
4B R4 A 64-SE 1 #E

(2) 7~ UM MCS SE:32-SE. 48-SE A
64-SE. Uil RG-S =R MCS, i
= SE %,

114

Volume 07, No.01, 2022

7. X AR K X AR AL 98 7 52 ]

R WX 2% & — N H ISO/EC 61 A1 34 ) [
brbrdECITE o« 20 H O 74 1 ISO/IEC TR
29181 RAFNMIHE AR, AT B AR R A
ARSI B o 1200 H DA R “ A it
FAE G, HBOIFRERAMSE LR, DAE
15 A R Y 288 ST L BT ARV 17 B A o

¥ MCS-SE 7325 R G4 R K X 28w A4 T
H, MOHMERAZFHNEL. 55k,
ISO/IEC A RMZ8A5 BN — KM MCS SE
SRAGIE bR e 58, HAARHELLALRY
A DR AR RECS AR AT IS S s 28
=, ISO/EC A KM 5 i N5 —ANTilzs MCS SE
KRR EEHPIFRAE; DU, AR L FR A

H = HER ARG LRI MCS SE K s H /X 2%
KA BFEEWERE 1 e, At
KBTI I1ISONEC ARKMZEARMERIRTT, LA
SEFECR BT ) MCS SE IR RHIAR

ISO/IEC AKX 2% 1% A SE H5 AR 1 AR K =
A HE R, IR TR, 5 AR WX 45 g R T
AR G A A B AR B AR A

225 IR
[1] T. M. Cover and J. A. Thomas, Elements of
Information Theory. Hoboken, NJ, USA: Wiley, 2006.
[2

L. Daoben, Waveform Coding Theory of High Spectral
Efficiency-OVTDM and Its Application. Beijing,
China: Scientific, 2013.

L. Daoben, ‘““A novel high spectral -efficiency
waveform coding—-OVFDM,,’’ China Commun., vol. 12,
no. 2, pp. 61-73, Feb. 2015.

S. G. Wilson, Digital Modulation and Coding.
Englewood Cliffs, NJ, USA: Prentice-Hall, 1996.

L. Daoben, ‘““A novel high spectral -efficiency
waveform coding-OVTDM,” Int. J. Wireless Commun.
%(ialle Comput., vol. 2, nos. 1-4, pp. 11-26, Dec.

L. Daoben, Statistical Theory of Signal Detection and
Estimation, 2nd ed. Beijing, China: Scientific, 2005

J. G. Proakis, Digital Communications. New York, NY,
USA: McGraw-Hill, 2001.

G. J. Foschini, ‘‘Layered space-time architecture for
wireless communication in a fading environment when
using multi-element antennas,”” Bell Labs Tech. J., vol.
1, no. 2, pp. 41-59, 1996.

G. J. Foschini and M. J. Gans, “‘On limits of wireless
communications in a fading environment when using
multiple antennas,”” Wireless Pers. Commun., vol. 6,
no. 3, pp. 311-335, Mar. 1998

(3]
(4]
(5]

[6]
[7]
(8]

[9]



International Journal of Advanced Network, Monitoring and Controls

[10]S. Wu, L. Kuang, Z. Ni, J. Lu, D. D. Huang, and Q.
Guo, “‘Low-complexity iterative detection for
large-scale multiuser MIMO-OFDM systems using
approximate message passing,”” IEEE J. Sel. Topics

ignal Process., vol. 8, no. 5, pp. 902-915, Oct. 2014.

[11]N. Wu, W. Yuan, H. Wang, Q. Shi, and J. Kuang,
‘‘Frequency-domain iterative message passing receiver
for faster-than-Nyquist signaling in doubly selective
channels,”” IEEE Wireless Commun. Lett., vol. 5, no.
6, pp. 584-587, Dec. 2016.

[12]J. COspedes, P. M. Olmos, M. S&Enchez-Fern/&ndez,
and F. Perez-Cruz, ‘‘“Expectation propagation detection
for high-order high-dimensional MIMO systems,”’
IEEE Trans. Commun., vol. 62, no. 8, pp. 2840-2849,
Aug. 2014.

[13]A. L. Swindlehurst, E. Ayanoglu, P. Heydari, and F.
Capolino, ‘‘Millimeterwave massive MIMO: The next
wireless revolution?”” IEEE Commun. Mag., vol. 52,
no. 9, pp. 56-62, Sep. 2014.

[14][14] H. Q. Ngo, E. G. Larsson, and T. L. Marzetta,
““Energy and spectral efficiency of very large multiuser
MIMO systems,”” IEEE Trans. Commun., Vol. 61, no. 4,
pp. 1436-1449, Apr. 2013.

[15]Y. S. Cho, J. Kim, W. Y. Yang, and C. G. Kang,
MIMO-OFDM Wireless Communication Technology
With MATLAB. Beijing, China: PublishingHouse of
Electronics Industry, 2013.

[16]Y. D. Zhang, M. G. Amin, and B. Himed, ‘‘Altitude
estimation of maneuvering targets in MIMO
over-the-horizon radar,”” in Proc. IEEE 7th IEEE
Sensor Array Multichannel Sgnal Process. Workshop
(SAM), Jun. 2012, pp. 257-26

[17]E. G. Larsson, O. Edfors, F. Tufvesson, and T. L.
Marzetta, ‘‘Massive MIMO for next generation
wireless systems,”” IEEE Commun. Mag., vol. 52, no. 2,
pp. 186-195, Feb. 2014.

[18]U. Gustavsson et al., ““On the impact of hardware
impairments on massive MIMO,”” in Proc. IEEE
Global Telecommun. Conf. Workshops (OGC Wkshps),
Austin, TX, USA, Dec. 2014, pp. 294-300.

[19] E. Bjornson, M. Matthaiou, and M. Debbah, ‘‘Massive
MIMO with nonideal arbltrag/ arrays: Hardware
scaling laws and circuit-aware design,”” IEEE Trans.
\2/\(/)|1rgless Commun., vol. 14, no. 8, pp. 43534368, Aug.

[20]J. E. Mazo and H. J. Landau, ‘‘On the minimum
distance problem for faster-than-Nyquist signaling,”’

115

Volume 07, No.01, 2022

IEEE Trans. Inf. Theory, vol. 34, no. 6, pp. 1420-1427,
Nov. 1988.

[21]F. Rusek and J. B. Anderson, ‘‘CTH04-1: On
information rates for faster than Nyquist signaling,”” in
Proc. IEEE GLOBECOM, Nov./Dec. 2006, pp. 1-5.

[22] F. Rusek and J. B. Anderson, ‘‘Multistream faster than
Nyquist signaling,”” IEEE Trans. Commun., vol. 57, no.
5, pp. 1329-1340, May 2009.

[23]J. B. Anderson, F. Rusek, and V. Owall,
“‘Faster-than-Nyquist signaling,”” Proc. IEEE, vol. 101,
no. 8, pp. 1817-1830, Aug. 2013.

[24]A. Prlja and J. B. Anderson, ‘‘Reduced-complexity
receivers for strongly narrowband intersymbol
interference  introduced by  faster-than-Nyquist
signaling,”” IEEE Trans. Commun., vol. 60, no. 9, pp.
2591-2601, Sep. 2012.

[25]S. Sugiura, ‘‘Frequency-domain equalization of
faster-than-Nyquist ~ signaling,”” IEEE ~ Wireless
Commun. Lett., vol. 2, no. 5, pp. 555-558, Oct. 2013.

[26]J. Fan, S. Guo, X. Zhou, Y. Ren, G. Y. Li, and X. Chen,
“‘Faster-thanNyquist signaling: An overview,”” IEEE
Access, vol. 5, pp. 1925-1940,2017.

[27]K. Takeuchi, M. Vehkapera, T. Tanaka, and R. R.
Muller, ‘‘Large-system analgsis of joint channel and
data estimation for MIMO DS-CDMA systems,”” IEEE
;’(rﬁr%s. Inf. Theory, vol. 58, no. 3, pp. 1385-1412, Mar.

[28]D. Dasalukunte, V. Owall, F. Rusek, and J. B.
Anderson, Faster than Nyﬂulst Signaling: Algorithms
to Silicon. Dordrecht, The Netherlands: Springer, 2014.

[29]E. Bedeer, M. H. Ahmed, and H. Yanikomeroglu, ‘A
very low complexity successive symbol-by-symbol
se%uence estimator for faster-than-Nygwst signaling,”’
IEEE Access, vol. 5, pp. 7414-7422, 2017.

[30JA. D. Liveris and C. N. Georghiades, ‘‘Exploiting
faster-than-Nyquist signaling,”” IEEE Trans. Commun.,
vol. 51, no. 9, pp. 1502-1511, Sep. 2003.

[31]Y. J. D. Kim and J. Bajcsy, ‘‘Iterative receiver for
faster-than-Nyquist broadcasting,”’ Electron. Lett., vol.
48, no. 24, pp. 1561-1562, Nov. 2012.

[32]Y. J. D. Kim, J. Bajesy, and D. Vargas,
““Faster-than-Nyquist ~ broadcasting in  Gaussian
channels: Achievable rate regions and coding,”” IEEE
;’(rﬁrés. Commun., vol. 64, no. 3, pp. 1016-1030, Mar.



