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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.

Keywords: semantic communication; joint source and channel; nonlinear transform; nonlinear coding; deep learning
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Abstract: In recent years, semantic communications has received wide attention from academia and industry, but a complete and effective
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framework of semantic information theory has not been fully established. The semantic information theory is divided into three parts: seman-
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.
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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: 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
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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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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.

Keywords: end—to—end communication; multi—level semantic communication; image transmission
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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 BENSERAITIEEERNNATE, BEBEAFHEITBANEILR, SBERAER. BADYEE, BABEFTRERAER.
EFEMADER (OFDM) KREHIRRNALKEL, RE—NBLRRRETRNESEHOITNSE. RENSOWXRBRASSSHOTT
TDE, MNEEBBRARASEPAREGITOROYWERRE, MEEAANRETEERE INETRREHNRAERMNRSELZ L, BE—A
LUSAC) AUEEBHIRSTARERIRS. B8REB. B2L55.

FB21F: ISAC; BAMAE; SO SOYXK

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

> Y (5 R G AURA R G — E VRBAE WAl S7 1 R Ge i

A5, (RPN R AR ZMIZ AL 38 {5/
A s 0 R PR SOR A BRI R
WAL ET B, SO (E . B, MR IReR — ki
I, RFGEFYRE S BT RE R Rl G2 o SE AR —R L
TEHA TR BAL B R [FI, R RESE 43 BT Jo 2k B I Y BT .
S HURSERE, X HAREOAEEE R TE AL MR, D
LSRRI SR RBE A AR Y TR B —
ACANTTRE T 2800 55, 38 ELAT AL Ge 8% sl {5 W 4%
BRI T, PR T A BT O . AR T
SNy, 8 AR R 5G-A I 6G TCEGH AR 2 4t i
Rt e 0

WE RGBSR MIEASHsr ] (OFDM) B, it
GUi iR R G E BRI (LFM) % . 858
— RGN H AR LR . 0 M. ROBERTON
SRS AR ST B S ORI A Y, MRSy = sE
IR PIES, BEIS A T B/ NI R (MSK) FlZk ik
PSR (LEM) 155454 A9 MSK-LFM . OFDM 1 LFM AH 4% &
OFDM-LFM., Zfi A Z 4 IE384 5y 2 (MIMO-OFDM)

72 @A
2023 F 48 5529555288 Apr.2023 Vol.29 No.2

GBI BT ITIET, 38 B — R LR B OFDM % 5%
H RN OFDM P S IR D RE Y Fa St B i
WE RGE— BRI, A &6 B T AR,
AL 55 1) TR TR IR 3R GEAE AR FH AL A 2 3% -l A 2100y
TAEREE ., AL T30 A Kk -SE0h B TAERER, 3t
A k-l A FECRT DA S R IR I B, D I o
FATFR o B U 2 R R A 2% S50 BOW iy A &
-FEh A TR A U, GG R T A K%
il A Bl TAERIA R BN 7 8 AR IR 1) Lk
WA % . 2 BRI SR I B H X, Sl SR
KRB ESRAET &, — M TR R UL BB 2)
Bk A48, %7 AR AT LLSE e S Rk, 3k
AV IR, BUSURAAER I E H IX, — MV XD
B RV T B, il — R IR LR IATT (AAU) HRAE
T B A2 B A TR . P A TR . ik e T
PEXHH ATk A T HEIE PR A Se B gy 280,
EEXHEF A — AR5 S AbH, BIA SCHk 05T T I
BN | 2 AL | A ERL A Dy ik, LS
B MU AR AR 2RI REY, L. GABBIEL 4 X OFDM



EAVRFR

ML E S 3 T — R Bk R4 i, TR T
FFT H 5520 T UG 8 3 J7 5%, DUAN J. Q. 48 3 1 4 Xt
OFDM {55 1) JURP 235 i Ab $17  , DME T G s Al T H BRI
TR BEN R K FEAE R 45 (R4S Jr ik S et B AR i #E
B 2P, s — R F S AR B A K £
R —ABCE LAY A TIR VL, 20 T B R G P4
MNBECEARVERERAR T, St BE T, FRATIA g — 1A
RGP B Z IR T2 () 4R, JE T3 R — AL 4R
H 2 YESHOR G PR AGTTE, Ba e i — R

IIPERAF S AT vk . TR T ik ] LI I A A HEE S AL
FEATROPERE, ORI =20

1 ER— LR EE AR

1.1 BAIBEEAE

W — AL R Gt AR BB RSB IE IR 44 1 A
1) REWLE ST 2) JoLkh ik M 2 B s a TR
5 3) gt BARAY RS Mg g LR, 4) ULt [a]
WA S AT AR, KRS A Hbn, X BRI S86H T
flitt. S TWIAHR, R R G B R FH VT e I i 5
A S EME L (SNR) — AT LLFRIR K
PGGANoN, T
(4w) R*KTFL | (1)

o, SNR FRSHMWIG A E AL, P#RR
TLAE SRR, 6, G, 73R K KL% Fi%
ORI R, A TR REEPIEK, o Fom HARMTE IR
SHRTEA (RCS), 7 R — MRl & 415 1 55
B, N, 278 RGENE AR B H AR IR SRR ok e i
FEFIIAEG y R BRI Tk s 3 75 R B AL
R o(y< 1), RERARBIRLMIEE . b £BRIIRELDH
B, W1.38 x 1077 J/K. TRWPREREE, — AT H 290 K.
FFRRRGME R, LFERRNED REHFE.

ISR NI EE % SIS IE STV 2 & MR Ve ML )
& (EIRP) %0 T PG RBIZWREN £5 G, = 24 dB,
HAR TR R B L o = 0.02m?, 14N TIN5 OFDM
5Kz = 83 us, 26 GHz 2RI AP KA =
0.011 5m, RGNS RECFIFENGL N FL = 8 dB, HR4E
IR AR A A A TR RN BE R $2205m i) SNR W&l 1
N ATLIA M, MEIPR 60 dBm, N_,=100. o = 0.02m’
iF, HAREE R RS 1 km B 2S00 A0 B2 19 SNR>10 dB. 42
BRAEUL, BT R 56 Z RIS X o = 0.02 m? 19 H B %

SNR =

BRE— AL R AR SN =z 9
HIEEE KT 1 km,

1.2 BANERESEAR

TCARBTEREPT LU M B | K E AR D7 TR A . B
4 73 WA TR T LA R GE X 0 B PN AH AR F s A e 4 I
B, ERAUSEE IR MRS PRI E R H
T, BEES M HERBUR TS S0, R RO T R
EIRPORGERE , R HE RO TIN5 5 SRR
[l EFRET, bR 3D HEREARTCIE B B I B AR D
o SRR AR R i LS R 22, Tl T AR
IRERFOR, FEAIFIEORTIL . AR R B4
RS EERR 7RSS 98 . REPORIEE | (G5 HS RN
45 5CHN, RN AR5 1 SNRAHSC . I8N 43 HE SRR Ji
ARG S (N 1 BR o

Hrp, oFmotil, BERRESHI, DIRRKLMHS
LA, N, FRBAE S I BB R 5, TR BRIk

60
—— EIRP=60 dBm, Nsym=100
——— EIRP=60 dBm, Nsym=1 000

55
50
451
401
35}

SNR/dB

301
251
201
151

1900 200 300 400 500 600
XA E/m
EIRP: HME@IBSIIHEK

A B RANBEAZUIR SNR KR

700 800 900 1000

SNR: {52t

VR BADRAEE
SR ElE
EEOWR AR = o
BEAHWE Oy =2
A
SRENWER A= T
_ C
BERE TR B JaSNR
. _ O
RERE T 6J25NR
A
RS

o,=—————
" ON,,T.V2SNR

A TIEZN | 73
202348 55295528 Apr. 2023 Vol.29 No.2



BRI RSN

MhECE FIAF S RS R . R T AT LIS B A Hesen]
DU SHE S SR, I ELB A 05 R G0 S0 i AW n
PR B PR O AR BRI A ;T SR nT LA L 1
A S I SR, AR R GE e AT 258 5 S
T A B HE R ) T B IR g LA, 38R R B AN IR
S o A FRETCEIE A A . MRS R R 8 x 8 1AL
Mokid, FLIRKIED =8 x A2 =4A, HMESHR (3dB
PERTESE) 0,4 ~ 12.7 0 SXAERYE R GE B AEAR 2 07 1 5%

SELLH PR ER L N B RS b v B A A )
T Ff1 B2 25 S DA T N3 43 9, DRI /2 0 4 1
AL — EUR I TR ST

1.3 —k L A E &

FEAR SG-A F16G M ER—RL RS, R AR 1A
fRIEs . — 1Ak OFDM BB HEA T 8R0S of i) i %2 3 3
6], ASCE T —Fh T OFDM U TV 14 )8R 601 22 4 4 760 L A
R 0S2 e

1.3.1 RGAA

B TR A s (BS) sid A ik (UE) MK
LIRS I A AR R AN R 2 B, Hoh o S KT, @ AT
o 0=0FRKIITH, 0=90"FR/AKFITm, LIk
Tyozmﬁio

B 245 T R A A 1) SRR 8500 M, 9 m) R 4L
N, R RGN R TTIRIEE S50 d, M d e S 2GS
SR E AT FERN

a(0,0)=a,(0) ® a,(0,9), (2)

Hrp,

AB?2 REPEDIMTREY

74 | RGERIAR
202348 295525 Apr. 2023 Vol. 29 No. 2

T
in (M = 1)d, sinfsing
2w L2 2w £
a,(@ go) = [1 e A é A }
(3)
T
1 dycosd
az(e) = |:1 2T 2 :|
(4)

XU, FRATATLLHS sin 0 sin @ M y RG2S RT3, %
cos O A HT 2l 23 (A1

X TR, ANk OFDMAE 5 H TR, R4
FAEE S, 5 (nm) N REME 1 OFDMAF 556 k13
P AT TE ] AR -

Ny =1

) ) o o ndy cos6,,
HlkLonm) = S by, - e . o 25
n, =0

o md; sinf sin

15N 0y, SN @y,
e A +n(kl,n,m), (5)

Hr, N, ZFom B4 by, 22— F AR U R G RY
B, 7, FoR HARETIE, T, 3R TN AH 4B OFDM £F
SZIAIEIRE, nFonMEE . A (5) PEIARALE 1 BN
H EAREE B3 72 A I A8 B A O RS, 55 2 TR R Hh B A
Doppler iz £ (AN RS , 27 3 ORISR 4 W1 th R AL
B A AR AR o

1.3.2 OFDM {5 5 VT g 5% i JB sk

% OFDMAE 5H KA T8, & X—AFihE
(BHE ) AHICAY R &
s(c)=[1 o

3% R LA OFDM 442347 8% %01
(Doppler) FHICAYR &

s,,.(f,,) = [1

K HT OFDM BEAT I, 13 A5 5 B AU HL (k. Ln,m ) K
KX LxNx MBI, K HB H 1 vec(H), vee(H)JE—
AF )b, HAERE S KLNM X 1.

T i 307 MR AR 2 R, R P DR 1 0 RE 8 AR MR e £
SNR, Mifiife e BARAIRLINAE J o SR VRIS 1 HARRY
Sz f,0.0), BRI

e/Z‘rr(K—l)A/‘r]T ) (6)

TE A~

e,'zmT, e,%/;,(L -, :| r i ( 7)

P Iiller( 7oy, 6, ‘P) =

K=1l-1M=1N~-1 ‘ g mdysinfsing . nd, cosf
z L OV L A A LT

k=00l=0m=0n=0

[(0¢) ® a,(0) @ 3(£,) @ 5(2)]" -vec (W), (8)

B, A (8) JE—AKT (7.f,.0.0) VU4 VT e 3% 5%



EAVRFR

PR, JHRYBE R KINM, 5T (KLNM ) R 8 Fe i A1
(KLNM ) Wik, B2, RNiEa TR,

PR — 2 DEBCE P PERE A LR -, K 138 (7 .00 ) 1)
A DEFC 8 SO IRV R I8, BDXH A S80I &R
W VU A48 2R )4 A 4 Fh— 2B R AU, T KRR AR T
AR ZREE, X HE IR RGE T B sk
A AR5 ) BN GUBAb B R AN 3 P, 7 =4 s
(] P g 2 ) A A 3G 455 5 7 A A BRI A 4k A B

B A R T AT INM RIS R, B R A T
AR N :

K
P.(z,l,n,m) = Eeﬂ“Mﬁ -H(k,l,n,m) =

k=0

sf’(r)~vec(H(:,l,n,m))o (9)

R YR FH B AT KNM U 3, B R ]
PAZR N -

PT'A(T,fd, n, m) = z PP (7, n,m) =

=0

sf(ﬁl)-vec(PT(r,:,n,m))o (10)

RFAM 248 28 0 B AT KLM RS R, B R iy =7 m)
PAZR N -
N-1 . ndycosf

Pf-fi,.t?(T’f,i, 0, m) = z ¢

n=0

a’Z’(H)-vec(P,._ﬂl(T,fd,:,m))o (11)

T AR R T AT KIN R, SRR iz nl L
ESAVF

M-1

PT'-/?I’Bvsv(T’fd’ 0, QD) = 2 e

m=0

o mad

P (e fnm) =
al(0,¢)- vec(PT,ﬂ,g(T,fd, 9,:))0 .

b 4T — AR AR R o] LUE R, AR R

1 2 =z = =
it a = = H T i
o i @ % 2 1 =
X & o = & I &
= = = = 7 it

AB3 — A ERESHRARLIERE

BRI KBRS A e

Zegh I B YR R R 2% B 4 R KLNM YR A2 36 3
KLNM RN o 444 98 2 5 3675 22 AKLNM ¥k 82 Te
HAKLNM IR EZ ik, B 24 BERAR RN R B 4/ (KLNM ),

1.3.3 OFDM {55 555 B} A R 6 SRR 3472

VEFC S RN Sk S BT ., AR ARG, (HE 03
PERBAR, AR ZAG L S MELA RN TR o Rl Bk
1A OFDM {55 HE0, T AR KRR = RGL o HeR . w
AT HETEAT Burg e KSR . Capon i/ N 2575 . ZF A5
4325 (MUSIC) BEM . FET IR AN BH ARG S 8h
it (ESPRIT) SFE™ fGHH 1 (PM) AP, Hirp,
MUSIC 5358 A FHS A T e i — el Bk,
IR THRAEZS AR BE BB . MUSIC B0 H AR
MEEATRRE A, LIS SR A9 (5 5 25 0] 5 M 25 (1]
IR PIASF-23 I TEAS A TR 5 280t

BEARAT OFDM B 0988 43 BEIE, /5 22515
H (kLn,m )W 2255 R

Ry = B {rec(H) - (ec (1)} (13)

Hrp, E{ VORI ZAREACRYIE, BB R, A THEE
oy

R,, =U3U"+ U3 U, (14)
Her, U MU, 2503 BG5S 05 S 125 R 725
] A2 H TR AR S (7 f,.0.0 ) i 1T MUSIC 3 AT LA
FRN

1

a"(z.f,,0,0)U, Ula(z.f,0.0) . (15)

Ho, a(cfi0.0) = a)(0.0) ® a,(0) ® 5,(f,) ® s(7). L
3 MUSIC 4 75 T 5 (0 — ORI - B - 4 i, A7
B S RIS 22 00 S J B 70, MELLSEI T AR . h
T AR TR SIS, LRI A e Al
B 2 (A A B B 45 R e A 46 2 R
FHAHUVC BEIEWE BE T . 7 R RNHILE (5T P 4 s
Voo BCEERMT . PRI, e R NS
SYSRTRMINE A5 T2 243 IS A M
RRHRLEILE.

(BELE (2.0 ) AOAFAE EAR, AB2 % HI MUSIC S50 647 £
BE T, B A 2 M T AR

PMUSIC(T’fd’ 0, QD) =

R, = vee(P, (v fu:02)) - (”eC(Pr-ﬁ,(T’fd’ 2 ’)))H . (16)

PrGERRA 75
202348 295525 Apr. 2023 Vol. 29 No. 2



BRI RSN

FT AT T BB AP A LS 4 (2.f, ) AbHY B
TR (AL A —AVREA ), BAE ALK R F 47
FOBE BB EEAIR. WAL, MR S AR, A
bR AT, By 2 REHE R, BB 1. AT
MRS MR T TR £ TS IS e, I (875 MUSIC 35
VOPERE AL, LR I IR IR . N TR
P AR, 2 RS ) A IR MUSIC 64
REST. 25 T Rk O B W81 S T 9]
SEHIRIRI G TE . BRESS p I THERIBI T 2256 R,
DS p A RO 1 20 0 D I 8 4% SR T L)
i_\‘ﬂ‘ji

P,(z./,) = vec(P(z. frpip + Ny = Lpip + My = 1)) (17)

Hoh, N,=N+1-P, M, =M+1-P, BLEp AT
(W IT ZRERER ., AT AR R

varvﬂ = Pv(T’fd) . P;I(T’frt) ° (18)

SR AT 1o 2 )-8 i ) P 2 R -

A 1 I
R,,=—= >R
7 /4 P,;:Ei TSy . (19)

SRIG X R, EATREAE M, AR Fas il O, A
FRER SRR a(0.0) = a,(0.0) @ a,(0) 725 TR,
H AR MUSCLIE T A 375 K «

1
a"(60,¢)0,0%d(6,0) . (20)

B ARKE DU HE ) MUSIC 335 3 £ 18— 4E (19 MUSIC 3% 7] R
FRARE AL, (HJRAARTE B il R, BRI
o N T HE— PR 2, X B A root-MUSIC 532,
R OB A R, TR KRR A

Root-MUSIC HI5 T 2505 X —A 2T
f(z)=p"(2)U,Up(2), (21)

;H\:EF" p(z):[l z e ZM—1:|TC> ﬁﬂzx%’lzzexp(jw)ﬂtj‘,
ZW AR IEGA AL TR |, 5 AR R AT 4R75
A AEER. AR ERRIRAR G G SLME, R

PMUSIC(av 99) =

P~ AR P (Y 28 S 2 AT AR BEAG TE I, B BE 2, D

AT ROCIR FAR, AR 4T 4 A R AT DA A A 2
(22) 4t

A N
0. = arccos(zﬂ_dval"g{zi}) ) (22)

76 | RGERIAR
202348 295525 Apr. 2023 Vol. 29 No. 2

XFIEVEORAE, YRLFE N e, 5 R YR
IS —H4ERE SR I5 530K FH root—MUSIC 33032 3R H H AR Y
TR Ay, 3k BN FEBEE

2 BE— LR A

MGl F A — AL R , A — R L R Gk
THMAVERER, rRMEEN . R RIS A AR
%o WeAh, XL SFIE T LU T3 RS sl (5 1) [ B PERE
TEPTREPAS HIBAE B AN S5 25l 2 b, 5 — AL &
GO AR 55 TR SRS . BRSBTS

21 BER=E

AR, o E R AT AL K . 2020—
2024 4F, o[ RTTE AL AR G 4 K R 50%.
2020 4 BT R L HE 13T AMLRER I, Tk B AN
FREAE 184 K R 0L 50% ., 2025 4F T ALK 52 BRI R .
XTI AN TA BRI, R R R HTE .
AR E AR Y T T 0. KK 3~54F, AL
FERB AR T AR 3304202,

LG AR ZS TIA T R E 3 WS, 1) & A
T B AU SRR s B R I 2) WIS IR A k.
H RS A0 B — % = B2 24 GHz M1 77 GHz; 3) BTG 2
B : K HOH A 1) ETRP 37 KR 5 S0 0 B B B PR . 3 Jak
— AT B )R BN S R, AR A P i N A
$i: TAMARRM . To AN FaERE . JC AMLEE R
A,

TGRS TRIA T4, BT AR 7
ZHAIANWBEMESE: 1) HERAM, eGSR -
TREBATIRE; 2) MR DA R A AU S A
P TARE R R 3) BHIERRT, B s s e
b1 km, A SG Bl AT SR FLAE SRR o

20224E8 J, IS T 2 GE AR IS8 IR A TE
AL IRGT s — R IAE I . 123 AR s 2] X 22 07 17
Y 5, RA124 GHz 22K 5 AAU S 338 15 AU R
SRR SR RS TEANLIIRERE BEA B oK g, H-)
FEEDET 1 km, 385 AURALS B PP iE R AP RRE . 2022 4F
11 H, 7EIMT-2020 (5G) #EdEiTs ST, she%m
4.9 GHz IRM 5G f I EEh, SE8 TR A E AN 2L 1 400 m
FIRRGNE B . B0 BN A b Sl B — IR AT 5 an & 4 B

R PR RSl P R H RTR AR TS B4



BRI AR ENA e

AR i n] 27 B s A T 4 M 2

' BE : e s ;
_,:%% =5 IR s My 2) TEEIM AR | &
. E = = s .
BHES aE . s . RIS A, T AR
| e ERRE | ey ) (3D BGEI|ES . e et e e e e . N
N el - . 3) BRI 4) U
. | ewin_ | e LG s B A N B
| i . sens | B meis | mgs VLI, 3 — P 7 A
ﬂ@mx BEAEWE T mAAREZE: 1)

INIFEL

ey % TBEEES o NUSRFR NS KHTLAGS, nTA#E T 2K AR
e R |3EE Hehst WA 2) 7SS b
% NR — B NGE, RO E
#at, HATEE . | HEmSEFIH

NR%ﬁ&qD 3) K%&&j\ﬁﬁ@{%z@\%o

AB4 BRRTZROVBR—AMMEES

AT AARKN . BTN BT, S ET R AR
AEH T ZET UG AR s BGRB8 R 2R s M [m) ke 25
R %

BRI R F IR VR RIS ARG L5, (HAFEAEL
TERE: 1) A A X SRR XY, A A
SIXB 2) BERFRZER: BAEH TR, HEER
B RYRAME R, BFRREREMRR; 3) EREmK. &
Gy AR AR, TR RGP X R G 4) TR B
i, HRBERRMEERA : g KABANG IR, TekT
JCRAIRCR I AZ IR

TS, R AT A B H: 1)
F Sl T AR B, SRR 5 A T R BRI
KFR; 2) BRI RFEATIHEN RS, AT, 2
KA . ARBTIESEORF, T R i By . R 55 42006 9 45 1y
Ko

20224 11 F, fEIMT-2020 (5G) #EMFHIES T, %
TR 24 GHz 2 K P Il — RSl 78 b 3nl i il &
B WURZSZETE) 52T AT BN, Seal Tt
800 m MY BN IE B9 FN 4B R IS B . B, P il
FH 4.9 GH2 AR 5G &S, SERL T =AM AN FAAIAT
BTG . BAELs R B oR, 7E—EWEE N =S ME[HE
ISEITCAML . T T2 BARES SR, P12 56E
TSRS B . 23Sl A FRAE R N FH AT AT .

23 BEARE

R A AR AR I 5 T R I R 2 SR AR T
eIl IS &2 211 IR /2.8 2 11 IS 2% 11U I NG UL S 18
TG R AR TR ARSIy AR Z2 B, Bl 1) 52k

2022 4 11 A, 7F IMT-2020

(5G) HEgEA RS T, Wi

4.9 GH KM 5G Ry LG, 1E3 NS N ITRE 1AL A

N LR G SR S N R e 575 o WL R il = DA RS ]
JHT-0 S A AR 5, A Bl 7 R A SR ]

3 ZRiE

TR TTRE T AT L 55 T 1), T JEE 9 46 8K
PR B A RE Ty, BEFE 0 2 YERE ISR BB R R, 3
ARCAEBIGRE I BT B, HAT BB SR slnd 5 2%
BRI E R T o AR SR T 5G-A 1 6G {8 HE -] 72 i g —
PRACBI R TS 1], 20 T 5T A 3 15 Ak v 1) SR BE 0 3
G, DUSGHEE— A RS EU TR IS RO IR %, fn i
TRl R R A RN S AR, AT
Bl B — AR AR IS E 8] SEBR I

gt
ABIEFE A 2 P 2l THUBE G A FRZS RTINS 4R IR B S
5 Sl R AL A, X TR B

SEE

MLV Y J, LIAO G S, XU J W, et al. Adaptive OFDM integrated radar and
communications waveform design based on information theory [J]. IEEE
communications letters, 2017, 21(10): 2174-2177. DOI: 10.1109/
LCOMM.2017.2723890

21 N, =ER, REE, & . BRBEMERZ LA FRSEE U] ZRZ
2, 2021, 10(3): 467-484. DOI: 10.12000/JR20113

BUEMER . BERN—ARARRBE V. FOEMNEA, 2022, 27(5): 53-56.
DOI: 10.12142/ZTETJ.202205010

BISTER, BhElIE, fREER . 6G BIERA—MERFBIMAEIER [J]. T 0@HE
R, 2022, 27(5): 39-45. DOI: 10.12142/ZTETJ.202205008

(5] 20708, BN, R . BERITE—MMERRBIALIT V1. PRrO&ERER,
2022, 27(5): 23-28. DOI: 10.12142/ZTETJ.202205006

[6] ROBERTON M, BROWN E R. Integrated radar and communications based
on chirped spread—spectrum techniques [Cl//Proceedings of IEEE MTT-S

PrGERRA 77
202348 295525 Apr. 2023 Vol. 29 No. 2



EAVARFR b1 NI S+ 25 NV

International Microwave Symposium Digest. |IEEE, 2003: 611-614. DOI:
10.1109/MWSYM.2003.1211013
[71 CHEN X B, WANG X M, XU S F, et al. A novel radar waveform compatible
with communication [C]//Proceedings of 2011 International Conference on
Computational Problem—Solving (ICCP). IEEE, 2011: 177-181. DOL:
10.1109/ICCPS.2011.6092272
[8] ZHANG W K, LIU Z P. Design and implementation of modulator of a novel
rader waveform compatible with communication [Cl//Proceedings of 2013
International Workshop on Microwave and Millimeter Wave Circuits and
System  Technology. |EEE, 2014: 357-360. DOIl: 10.1109/
MMWCST.2013.6814653
[9ILIU Y J, LIAO G S, YANG Z W, et al. Design of integrated radar and
communication system based on MIMO-OFDM waveform [J]. Journal of
systems engineering and electronics, 2017, 28(4): 669-680. DOI: 10.21629/
JSEE.2017.04.06
[10] IMT-2030 (6G)¥#5i4E . FTUN T EAATIRES [RI. 2022
[111GUO X J, GAO Y S, WANG K Z, et al. Transmitter leakage canceling for
LFMCW SAR [Cl//Proceedings of 2016 IEEE International Geoscience and
Remote Sensing Symposium (IGARSS). IEEE, 2016: 5047-5050. DOI:
10.1109/IGARSS.2016.7730316
1121 BiF, 91, WXE . BRBE—MARIIRS REES U] BF5SERT
#2, 2019, 41(3): 739-750. DOI: 10.11999/JEIT180515
[13] LELLOUCH G, MISHRA A, INGGS M. Impact of the Doppler modulation
on the range and Doppler processing in OFDM radar [Cl//Proceedings of
2014 |EEE Radar Conference. IEEE, 2014: 803-808. DOI: 10.1109/
RADAR.2014.6875700
[14]DUAN J Q. Multicarrier coherent pulse shaping for radar and
corresponding signal processing [Cl//Proceedings of 2007 8th International
Conference on Electronic Measurement and Instruments. |IEEE, 2007: 3—
843. DOI: 10.1109/ICEMI.2007.4351049
MBI XRE, BiEE, iS5, F. —PBOY OFDM BRBE—RMTITA
V. BFSEB54R, 2016, 38(2): 425-433. DOI: 10.11999/JEIT150320
[16] TE . SRR [M]. Fi%: TN T2 FeibhRet, 1984
1171 FiRIESS (Merrill 1.Skolnik). BIAFA IM]. BREBFEAARIME. LR B
S TVHhR*E, 2010
[18] IMT-2030 (6G)#ExHAA . BIERMA—IMCEARIAFIRS [RI. 2022
[19] SCHMIDT R. Multiple emitter location and signal parameter estimation [J].
|IEEE transactions on antennas and propagation, 1986, 34(3): 276-280.
DOI: 10.1109/TAP.1986.1143830
[20] ROY R, PAULRAJ A, KAILATH T. ESPRIT: a subspace rotation approach to
estimation of parameters of cisoids in noise [J]. IEEE transactions on

78 | RGERIAR
202348 295525 Apr. 2023 Vol. 29 No. 2

acoustics, speech, and signal processing, 1986, 34(5): 1340-1342. DOI:
10.1109/TASSP.1986.1164935

[211 MARCOS S, BENIDIR M. On a high resolution array processing method
non—based on the eigenanalysis approach [Cl//Proceedings of IEEE
International Conference on Acoustics, Speech, and Signal Processing
(ICASSP"90). IEEE, 1990: 2955-2958

[22] SHAN T J, KAILATH T. Adaptive beamforming for coherent signals and
interference [J]. IEEE transactions on acoustics, speech, and signal
processing, 1985, 33(3): 527-536. DOI: 10.1109/TASSP.1985.1164583

[23]RAO B D, HARI K V S. Performance analysis of root-music [J]. IEEE
transactions on acoustics, speech, and signal processing, 1989, 37(12):
1939-1949. DOI: 10.1109/29.45540

[24] TPE#D)) . 6G-Advanced TTEMEEREDISFIIHESRE [R1. 2022

£ & & N

T, PHERRDBRATRARE AR T LiZ
i, E2ARDOEBDBEEXEEFESL
BRA TRERAR. RFEEEMESEAR. &
SERERERA. ANSNSIERAT; BH1%
MERAEXNRA, PBEEMIE 1000, &S
10580

BT, PHENRDBRATRRABEESR;
EEARMANTLBEESHIERAR. ERE
SWEEA. BE—ANKS; RREX10RH.




BRI

HEZRITIDINER AR

Survey of Neural Radiance Field Acceleration Technologies

MEBFANNRRALRE BB

%

DOI:10.12142/ZTETJ.202302015

25 BRRMEIE: https:/kns.cnki.net/kems/detail/34.1228.TN.20230411.1433.014.html
28 BhREHE: 2023-04-11

IWFfBEEA: 2023-02-26

#R7EF/ZHENG Qingfang'?

. BERRHBERAT, PE R 518057;

2. BB R BN AE RERELE, PE R 518055)

(1. ZTE Corporation, Shenzhen 518057, China;

2. State Key Laboratory of Mobile Network and Mobile Multimedia Tech-
nology, Shenzhen 518055, China)
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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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