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Abstract: From the perspective of joint processing of sources and channels, the development process of coding transmission technologies is

summarized, and a new technical framework of semantic communication coding and transmission based on nonlinear processing is introduced.
This framework introduces two new mechanisms—nonlinear transform and nonlinear coding, which can effectively extract the semantic char-
acteristics of a source and achieve accurate matching with channel transmission, thus significantly improving the system transmission effi-
ciency and realizing the breakthrough of communication transmission from the classical technology layer to the modern semantic layer.
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Abstract: In recent years, semantic communications has received wide attention from academia and industry, but a complete and effective
framework of semantic information theory has not been fully established. The semantic information theory is divided into three parts: seman-

216; 6G

air

tic entropy, semantic rate—distortion, and semantic channel capacity, and the measurement of semantic information, semantic coding and
distortion, and the maximum semantic traffic are then discussed. At the same time, the related work in semantic information theory is
sorted out, and some open problems with high probabilities about the future of semantic information theory are discussed. It is believed that

the development of semantic communications is in its initial stage, and there are still many unsolved problems.

Keywords: semantic information theory; semantic communication; information theory; 6G
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B2 WMBNEEHREDESEMATET THE, FETEHRERERICAS SIBNEENEERE, FHBNE T BXBRANEREER
SRR LEANHEM AN, SABRRKEXE. BRBEARNIINRE, BE T ZRENRERSIEIRIERIKR. RiY51BX
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Abstract: The development history and latest research of semantic communications are summarized, and the mathematical modeling of se-
mantic communications based on the classical Shannon information theory is explored. The joint source channel encoding model of seman-
tic perception and the progressive performance analysis, including the rate distortion region, and the inner outside of the error probability,
are introduced in detail. The close connection between the degradation of the model and the existing engineering framework is pointed out.
The potential challenges and open questions of semantic communications are then discussed. It is believed that semantic communications,
as a new architecture integrating user needs and information meaning into communication transmission, is expected to become a new basic
paradigm of all things intelligent connection network in the future.

Keywords: wireless communication; semantic communication; Shannon information theory; joint source—channel coding; indirect source coding
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Abstract: The semantic knowledge base is a structured and memorable knowledge network model that can provide relevant semantic knowl-
edge descriptions of data information, and it is one of the key enabling technologies for semantic communications. Firstly, the research sta-
tus of the semantic knowledge base in the computer field is analyzed, explaining the key role of the knowledge base in semantic information
extraction. Then, the research status of the semantic knowledge base for sources, channels, and tasks in the field of wireless communica-
tions is sorted out, and the potential of the semantic knowledge base in improving semantic transmission efficiency is revealed. Finally, the
new research challenges brought by semantic knowledge base in semantic transmission are analyzed from three aspects: multi-level con-
struction, dynamic intelligent evolution, and multi—agent collaborative update. The multi—level semantic knowledge base framework is inno-
vatively proposed for deeply integrating artificial intelligence and communication technologies. It is believed that building a cross—modal,
cross—task, and cross—environment knowledge base is the key research direction of efficient semantic transmission.
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Abstract: Semantic communications greatly saves transmission bandwidth and improves transmission quality by constructing transmission
background knowledge base and sensing transmission content. At present, this research is gradually integrated with the wireless communi-
cation physical layer to build a complete semantic transmission system. However, the existing end—to—end semantic coding design is un-
able to perceive the changing wireless channel. An image semantic segmentation coding based on CSI feedback (SS—CSI) is proposed. Ac-
cording to the signal—to—noise ratio (SNR) on different sub—channels, the key feature information transmitted is segmented and coded. And
the relevant semantic features are protected according to the actual classification requirements. Simulation results show that SS—CSI greatly
improves the object transmission quality and classification performance at low SNR, and further transmits more background information at

high SNR, which improves the overall image mean square error performance.

Keywords: semantic segmentation; wireless communication; image transmission
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Abstract: A deep joint source—channel coding based channel state information (CSl) feedback method is proposed. The proposed method
uses nonlinear coding to reduce the dimensionality of the original CSI information and a multi—layer network to generate channel input sym-
bols, and employs an attention mechanism to realize the adaption for channel noise. Compared with existing compression—based CSI feed-
back methods, the proposed method can obtain better performance of the precoding task under limited bandwidth, which benefits from
deep joint source—channel coding. Moreover, the proposed method can employ approximation quantization to convert infinite channel input

symbols to finite quantization constellation symbols, which is effectively compatible with modern mobile communication systems.

Keywords: joint source—channel coding; deep learning; CSI feedback; precoding

SRS T4 RSB AE FIOT i S BA T REE E R Y
BTN, 6G M5 2 G0 L% A HS S A e A
TR B R P LA BB, e AR T A
WEHE— . BRI, AR KU RURBRZEATR T, (EHEH
FER AT I ™, k2 808 = AR AF DR /N /N X
BRAE, hiEmBEEESCE, Z2EWAZEE (MIMO)
FARFIF AL MIMO AR B 210 4G 156 A SCEEE AR .
KIUBMIMO IRA BB 6G 1 R AR,

BTN ORASE MIMO 3757 Ry HAT R f R 4 1 JE i [m] e R
SZA PR AT AR MIMO RS0 2 R
LS B AR DR N ATE RS R (CSD) o MR
BN, el ot P R34 0 SR 5 Sl T AT CSL, JFF
FAEIE B AW R AT CSLe FESI A ST AL, T
TATHER TAEFEAR IR b, AT EEIE S0, i
T Bl = A BRI AT CSI: 1 a3l o) F P ik 5

EEmB: FEARRNSZET (62122012, 62221001, 61961130391,
62171380); JtRMEARZES (1202019, L211012)

VMR, SRJE PR SRR ST T 47 S, s PR
TR AT CSIR B2 Skl . SR, 1 CSIRCBALA n]
e b TR AR AR, B T AR T L
e EATE IR

N RASIT RS, 56 R TR BT, R
AR G 7 AU OB T AT CSERy 2 By o A, 4%
0, Bl T 30 A o TR AR SRS T, R B A
I, A R, ROBTT R T R EE
RS AT CSLBEA T R4 R X — (R S . h T{3E
TEAR I AR AR, 6T IRAR I I V5 AT X G Y
(RIEFRRIEATIRGR, LIS BB AT JRT, 7ESEPrigst
N, (GBSO AR AR R A, B TR
AR RIVERE . HEAL, BUAT R T He A B A s i B P i
A AR T AR AR, MELATETHIR 2 KRB ™8T (Y I SR
75 WAL

LA, B TR S BORTET T AL S I A SR Ak
PR LB, TREE S 2T 51 AT CSHE B Y IR 48
XL TR 2T B IR A5 T 2% J7 5 i 15 R L5 IR

PGB | 29
202348 55295528 Apr. 2023 Vol.29 No.2



ETREKGEREERISH CSIRIFRA

\\\\\\\\

SRR . 1207 SR B TE 2 RS B AT A R R A TR
UESE Sk, BT LIRSS S5 0 S5 a1 2 00 8 4 8] ] i
T, T RS SR, R T B IR ASIE
Gt e CSTR AT M ols . o, Bhe b, fEARMAKT
3 B AR VR T8 G B 5 58 © B WA S T B DR A 0 G B
M HK, o EEREER T R R sh B A
CROERARONL 1 NSRS PR R AR 1 A 1 H B ) (5 G A
22, I B PR (5 18 A% 77 SR BE ST, I CSTRg H
B o 2 TR TERXMEOLT , R JCIE IR S /Y CST
PEATIRSEAb B, SRT, AESERRAFIE A F AL A BB (58 25 F
HRMNEOL T, Bea 5 U5 b )7 2t RE SR AR A PR g
TR, AR B9 CSIXN T L0l i fe Zeth AT i RTS8 AT
fHo fea, e ASERE SR ] LIAM f {53E 4 4F
AVERCT EREE R, (A3 7B R BOTHY, I
N CSURBHESF Al R THER AR [RGB ST TR
BER S R IR R A AS Y9 CSTRBTT S, A 47 R st e R
b, TR AR CSTRABHE 55 P AT ] AL

1 CSIRiBA Rt

1.1 CSI RIRRGHRE

AR S PR BT R W RORIAR 22 R4 1 A8 50 4 52
(OFDM) F%4t. Hrr, FEuhMERE VKL, P MRS
R, DATHERSA N ATHEEBIIE I N AT, Bk
FEmY AT CSUFNTT A7 CSIRT LA 43 531 4 J 3 R0 FH = 00 368 ek 2
TN ARAS . BT IR A5 U5 1 dn i i) ST 5t
W 25 B AN & 1 T s o R AT CSLAN AT CSI 43 3l 2w
Hye C“*M H, e C*"o TP M TR BS54 1
i A T AT CSIE B H, ME A AT R A (5 e U 5 B
it Ry S [ dik s -
s=f,(H,u)e C, (1)

Hr, o FREERAFERGEERMS SN SEE. Jinh
s =[s.85,00s, 1" B OFDM Mt
SRt 2 kA3 |

THER F

SRR A5 T3k R RIS E S AT RN R
yl‘:hisi"'zi, (2)

Hp, By, e CVFRINFEREM N, MR RLEH i T80k
BRBEIS, i hl e CVFRRTES i D TFaik B B
TR, HlniEz e CV WS [a) &, B [ &z, 1501
CN(0,0*T), Hr, o FoRMEEIIR,

TEFESH M KRR s, (I 2 M IR A S, AT
KA IFEIE RIS YR 1Y 5,0 12 B RN
§i=w;yl‘» (3)
Hob, A IFE R, kB o B . TR LRI
HEEIEHENES =[5,5,,.51 XHE, Emgs LRt
ViR E B S AR W) s BT . BES,  Fl )6 P VR B
ARSI R 2 52 1) 4 § FIAE M HO A5 8w WIS R 0k 5 Ay
CSIfEEA,:

I-}d =f,(s,p) € CcYVx N (4)
Hrp, o FRTEBAH G E RSN SEUE .

FEF R ARG gD A CSUR S, T8t E8 2 1Y
R 9 kT e/ MEZs R CSLR B, SRk S 5uE
0 ={p.d}

. _ . B
0 = arg(:)nln EP(M)? 2,- =1

H((li) _ Hr(li) ”2, (5)
Hrr, 0 FmmIB 5, p(p) FR (s AR 1 iR
B, HY FRAE2s SRS i MG EREA, B %%
S 2 RV AF R T A (485 1 AN B I REAS . TR
GBARSE R N,

1.2 CSI miEM %

FEF IR A5 U5 B 4% CSTR IR IR Z% an ik 2 i
A3 J TR T 1 VA T S e P9 245 R 3 T A 1 TR 1S XY
2. TEHIM, PG CSTE4E B 15 8 HIAER T Y 2D-DFT 722 46

Horpr, s JRAREAES i1 3

FBFI J

1 =Sl

W LA B TR
) 7 2% REEGEREE
SO SEEROE STETE ST I = o
Jg P, X I s PR )

I~

s _|OFDM

[SEdn Y

orpm| 5 | FERCERSE A,

i-i
B s L ey R —
Y :
FasE

H—4k, B VkE(ss")=P,

B AL P B0 % 5 B R
é‘]ﬁﬁ o

30 | RGERIAR
202348 5295525 Apr. 2023 Vol. 29 No. 2

OFDM: IER il E A

AR EFRERSEREERENEERTERRBRL



AN CSTRY BB . A2 00R A, RIS 1 IR 18 2
T 1o 24 7 S ] 3 J2 A FRR 4 X0 Ji 1423 AR, CSTEA TR 4
ZJE T SCHRO1 2 tH A I 2%, (T BR 2 R A i 42 2 X
)5 B9 CSUE BHEATRAESR I . 45 5 ) 2k AE S50 o] 5 P
aih, mANEMER G, TEHTIFRN ARG, K
2 OFDM F#U AT A2t o AEdulifi], TREHR S fRIR(GE I
B o0 285 WAV A2 9 52 11 kPP R OISR T, PR L EE A 52
B, ZJERUIGMAZR2ERZE | BRUEMEZER S, U
PRAZELE ) ) CSIAE R s RS, U 3 25 B A AU 250
iS5 19 CSUFE B AT AR LR MEAR e, 1 J5UA f) 25 33U CSTAR
Boo MTEGERIRIZE R 28 TCTE ST XA R A5 1 SR EA T 3 25
A RE AR SO SCHR (131 B Ay BRIV BRIP4 1 R A
(AF) BEH R TR BEHCA 5 U515 30 4 A5 0 45 2 A5 T8 71 2 1 2
AEo STHR[14D0 5 T TR LI 5 1 IR0 18 2 1 1) CST L I58 M 25%
BTN HES T T R 4

1.3 WEfHIEHR

WA CSIRATHTE 55 38 % B 1 IH — 1k 4 Jr ik 22 (NMSE)
XF CSIRABRG BESEATITAL . SR, FAESEPrilfs R, ik
FESZICE] CSI Y S5 B TR Sl — AL B, LGS R
Sl s, WWgiEss . Bk, X CSIRBESHEREm
VAR R Y BN OGTE JG B4 55 A THERE . it ASSCRERRUR
SEARRLBE SR AR T IPA «

R b
ha| (ke )

1 2
E an?zl

p=

(6)

2

ETREKGEREERIEBH CSIRIERA THER F

LB IN B, /| = 12,0 N A R B 1

W, ATZAMUEE R b i] AR R B M R CST R A5 $h AT 15t
bS5 AR 55 TR RE .

2 KRB EERSH

2.1 KWINESHEE

AR TensorFlow X H 5 B API Keras #E47 F RS2 .
PG 3 AR BRI (3GPP) 9 TR 38.901M, F474%
P% CSIFI N AT4E R CSI AT QuaDRiGa"2E i, A @) 17—
AT E NGy, o R ATEE BB PO SIR R 5.2 GHz,
ATEEBR I RO ON 5.4 GHz. TETFICE NI, G518
5 205, BN 15 442 RS T—120 m x
20 m R/NRIE TG Kot . B B R R A 35
LR R B AR S, LI R B N, = 32,
FM A R LR R N, = 1o FE 3l 00 P A0 22 foff ) 4 i)
2. HIEREE R 3 m, FPMEE RN 1.5 me BATRERSATT
ITHEEBE M N, = 256 1> F 2k . CSIRYIIZREE . ke
MRAE 23 9455 100 000, 30 000, 20 000 PMREAR, — Mk
AN AL — AN AT BE H CSTAYFEAS F1— A~ b 1788 1% CST Y
A

2.2 XL LW AR

ARSCR Ao B R IR G B dnf r RAE N U 58 . FLAIT
&, T SCHER[913E H Y CSINet+VE M AZ TR a5 48 FH 56
FATRESIE R (UCD Ve NGRS )5 %8 . UCLI I

2 16

16 2
et [Tl 8

) 2 1 1 1
||~ ﬂ«| xl II
x X
o~

32x32
[
32x32
=

o~

64 x 3.
2048

128 x 32

REIXGEIRESERBNG

256 x 32

2048
]

REXGEREEFEMG

2 2% 8 16 2 2 16 16 2
& - & s 31— Lk
(SR

| <
5 FRER ©
o~
™
X
&
o~
[s2]
X
8
o~

mh Conv 3x 3,stride(2,1);BN;PRelLU; AF;

w=p Conv 3 x 3,stride(2,1);BN;PRelLU; sigmoid
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BE: (FA—PFRHENEEEN, BB EEEIRM R K ERITEE D BRINEEABET], 15EERMENRISIEEITFRIIAD NMAZE:
BT ESKENEB BN RISEEAIENEEE N mDEE . AETESKIENEEIENREET, WaDEMENERTAEE, R
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Abstract: As an emerging communication paradigm, semantic communications has shown great potential in effectively boosting end—to—
end transmission performance. The problem of semantic coded speech transmission is investigated, which can be divided into two main cat-
egories: waveform—based and generative semantic speech coded transmission methods. In waveform—based semantic speech coding and
transmission, existing solutions cannot quantify semantic information effectively, resulting in low efficiency. The proposed speech semantic
coding scheme based on nonlinear transform measures the complexity of semantic features through variational modeling and introduces
joint source—channel coding, making semantic coded transmission more efficient and reliable. The advantages, challenges and future re-

search prospects of generative semantic speech coded transmission are summarized.

Keywords: speech coding; semantic coded transmission; semantic communication
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Abstract: Intellicise semantic communications is a new paradigm of model—driven semantic communication, which integrates artificial intelli-
gence and communication technologies to realize efficient semantic interaction between communication objects. In general, the link structure
and key technologies of the intellicise semantic communication system are proposed from three perspectives: link structure, semantic model
enhancement, and model transmission, and the overall performance of the semantic communication system is enhanced. Four key technolo-
gies of intellicise semantic communications are proposed, which provide a reference for the future 6G empowerment of various vertical indus-
tries and new scene applications: a semantic knowledge graph—enhanced intellicise communication technology improves the accuracy of se-
mantic knowledge recovery and the transmission efficiency by increasing the information dimension of semantic knowledge; the cloud—edge—
device collaborative pre—cache technology of semantic knowledge graph can realize the efficient acquisition of semantic knowledge graph and
assist semantic recovery; model transmission and deployment technology can achieve the effective adaptation of the models, network re-
sources and terminal capabilities; the deployment success probability of the semantic model related to the transmission—recovery cascade pro-
cess is analyzed, which provides a theoretical basis for large—scale semantic model transmission and resource deployment.

Keywords: intellicise semantic communication; model processing; model transmission; semantic knowledge base
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BE: ERENBEAFRZA—. BEZUNENMEEITGER, WINEHRMHSSEANERBRS AR TON, FHEEBENBEHER
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Abstract: The absence of a unified and generalized performance evaluation system brings challenges to the realization of semantic communi-
cation systems. The usages and shortcomings of evaluation methods in existing research are analyzed. Two evaluation metrics, namely the
semantic communication efficiency metric £ and the semantic communication utility metric U, are proposed. E,. measures the accuracy of
task completion within unit time cost of a communication system under certain resources. U, measures how close a communication system
is to the upper limit of task performance under certain resources. Compared with the existing evaluation methods, the two proposed metrics
are of better generality, which can provide guidance for the performance comparison of semantic communication models under different
scenarios and information modalities. In addition, the semantic image reconstruction and speech reconstruction are taken as examples to
build end—to—end semantic communication simulation models respectively, and the performance of models based on the proposed E and
U, metrics is evaluated.

Keywords: semantic communication; artificial intelligence; performance evaluation metric
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Abstract: Semantic communications is a novel form of communication that improves bandwidth efficiency by transmitting semantic informa-
tion about data. A system for wireless image transmission is introduced, which is developed based on deep learning techniques and trained
by an end-to—end (E2E) approach. Deep learning is used to extract and reconstruct semantic features, extract different types and forms of
semantic features of source information at the sending end, and fuse various types of semantic features at the receiving end for target se-
mantic recovery. The simulation results show that compared with the benchmark model, the proposed model has better reconstruction accu-

racy under the bad channel environment.
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Abstract: Semantic communications is a new intelligent and simple communication paradigm. Semantic communications are compared with
traditional communications in terms of system composition and theoretical basis. It is pointed out that the key difference lies in the introduc-
tion of background knowledge. The existing semantic communications based on the joint source channel coding (JSCC-SC) research is clas-
sified into two categories: data—reconstruction—oriented and task—execution—oriented. Then their network architectures are compared. A
data importance—aware semantic communications system with separated source and channel coding is proposed. The system learns the se-
mantic importance of data through a pre—trained neural network, and constructs a transmission mechanism with unequal error protection
(UEP) based on the semantic importance. Simulation shows that it can improve the transmission reliability of important data, that is, reduce
the bit error rate of important data transmission, and further improve the reliability and effectiveness of wireless communication while main-

taining complexity.

Keywords: semantic communication; semantic information theory; 6G; intelligent commmunication
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Abstract: The "Top Ten Antenna Technology Advances" aims to select and record annual landmark achievements in the antenna field. After
extensively soliciting the opinions of multiple experts from the antenna industry, university, and research community in China, the top ten an-
tenna technology advances in 2022 are selected, including nine antenna technologies from China. The technical characteristics and advan-
tages of these technologies are analyzed separately. It is believed that in terms of antenna development and application, China has come
from behind. It is pointed out that if the antenna technology is strong, the country will be strong, and if the country is strong, the antenna
technology will be strong.
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B2 BENSERANIIEEERNNATE, BEBEAFHEITBANEDLR, BERAEE. BADYEE., BABEFTRERAIER.
EFEMNDER (OFDM) KREHIRRNALKEL, RE—NBLRIERETRNESSHOITIGE. RENSOEXRASSSIGIT
TOE, MNEEBRARASEPAREGITORAYWERRD, MEEAANRMTEERE. INERREHNRAERMNRSELZ L, BR—A
HUSAC) AVSBESHRS TRRERIET . B8, 88555,

FB2i1F: ISAC; BAMEE; SHLIT; SOYX

Abstract: Communication networks have great application space in the field of sensing. The capability boundaries of sensing based on com-
munication systems are put forward, including key technical indicators such as sensing distance, sensing resolution, and sensingaccuracy.
Based on the sensing system model of orthogonal frequency—division multiplexing (OFDM) waveforms, a parameters estimation method
based on matched filters is proposed. The proposed parameters estimation method with high resolution only solves the low resolution prob-
lem of angle estimation in the sensing process, but also greatly reduces computational complexity of angle estimation. It is believed that on
the basis of available perceptual information and services, the integrated sensing and communications (ISAC) system will better serve intelli-

gent low altitude, intelligent transportation, intelligent life, etc. in the future.

Keywords: ISAC; sensing performance; parameter estimation; high resolution
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Abstract: The neural radiance field (NeRF) technology, which can learn the 3D implicit representation of a scene from a set of 2D images and
synthesize high—resolution and photo—realistic images of novel views, has aroused extensive research interest due to its vast application po-
tential. In order to solve NeRF’s problem of slow running speed, various acceleration technologies have been proposed in recent two years.
We review current acceleration technologies by categorizing and analyzing their technical mechanism and engineering skills. We also dis-
cuss directions for further acceleration. Our work will contribute to inspiring the invention of more efficient algorithms and promote NeRF’s
application in multiple fields including visual content generation and beyond.

Keywords: NeRF; neural rendering; view synthesis; volume rendering
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