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Abstract: The intelligent communication and networking technologies for manned/unmanned cooperation was compre-
hensively surveyed. Firstly, the requirements on communication and networking were analyzed from the application sce-
narios of manned/unmanned cooperation. Then, in context of physical layer, link layer and network layer respectively, the
key issues regarding channel modeling, waveform design, networking protocol and intelligent collaboration were ana-
lyzed. And the states-of-the-art in this research area and the characteristics of representative technologies were deeply

studied. In the end, the possible development trends and promising technologies were prospected on the way to make the
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manned/unmanned cooperative communication and networking more intelligent, more efficient and more flexible.

Keywords: manned/unmanned systems, intelligent communication, intelligent networking, swarm intelligence

0 35

TR, PAEANL BANGHERNRTAR
GURGHE R, K SONHESN N SR A 7 A3 5 U R
FEHEN, BT TN SREANRS, i
TARRITE NS BAT AR i A a0 R 0 . B
e R S LRV T (o PV . SATR, 2 PR T
BTN R G HR REL KT, FEARSRAR 24 K I 30

ks BEA: 2023-10-16; 1&[EIHHE: 2023-12-26
BIE1EH: B, haitaozhao@nudt.edu.cn

W, BN ARG H E W R AT AR 55 1 SE AR L 42
Ko B, DU BOR AR SMER S FIWHE SR
TNRG, HFANRGMENRGRIES B,
JA N/ TE NI G B [ PAAT AR 555 72 24w A o
J 2 R AT P BN R AR A
AT Z NS, LR R A R AR IR
FEEL, UM 82 RHRSE R S ST [A] .
KIH ARG S TN R G20 Fafid by A 1 5 i

E&WB: EXRAARFRESHITE (No.61931020); WA HAAFI ST HINHE (No.20221710068)
Foundation Items: The National Natural Science Foundation of China (N0.61931020), The Natural Science Foundation of Hunan

Province (No.2022JJ10068)



o i

palll3

e 455

FEAEEATZ SR B A T AIEE , LS )
& G BAIZ A5 B A ELANERAE 20 R A DI E - SR T
BRI HARAIFE S 9. HEl, TARGHRE
AREIAWE R TEN R GRS Z AL, M
AR THRLRE /IR SR RE G AN TG 5, 7K
HENRGHNTNRG I, A NRGMTENF
g 2 [A) AL A8 A5 4 I Ry 7 B A 44 Lt —
AR SERST, PR 5] T8Ok 23 (.
IRA (45 s UV IS S92 1 A BE X TG
N FEBEAT IR0, AR A RBLIR, R, 5%
SRR, KRS, BAL TR R IO A A
TR EL . B RIS A NN A
) —BERBEEOAR, RSEIA N RGN RS =
MO FEEET B, HARGRAN 4, SR80 H AT
R R ERR L

ASCEERARKA N/ T NI R AR R AR a3,
AT A 5 A R SRR A A G BERR .  T
ANTNOFFERZ RSB a, & 5EEN S
SRS, AT 22 AR F A0 Tl 5 Jie 3 W AN [F]
A IR AN SR A5 B . I BOR AN g
PRFISEAR R EOR . Rk, ASCESE A N
MR S A, Bkt 7 H s A A M 755K s
RE, ERMBER. SR B RIEXD,
MIB(EEIEERL BEPIEBT . AR S50
BREVN RIS T LASTT IR AT T A N R e
HAE S AL PR R BEAR, B4 T HEFEILIRATAR
RUHARMRE S F—20H, xR EBHBTRE,
Rl E A Re. mR RAEHA NN
HAESHM, RE T ATREMA R A T3
ARI5 101, A B N/TEN Oy [F) A5 2H X A T = 28 A
M5 RIS % .

| ERHESER
FEANENBFRESF, T NRGT DR R

FAES M, T ANRGNE B E R,
TGRS . WRIEIAE E WA EBI T, N
6 N [ 388 45 1% 2% ) 152 Y 37 55 2 A 935 A X R
B, RERIES, v O mEes e
4, 1 TR,

D) A NTE NI R R X380

FE R TR B 176 B 4 75 2L I I 3 A5 e 55 78 i A
WESRI RN, AT LA B T AL v Bkl Dyt
i P SR B E e AN SS o AR ] R, o
ANRGHAMRMA . RIS EE AL i
N, NTSERBAN. KIEH. miErRER,
TN FRGE 2 8] 75 B AR I T, AR
PP RIS /5 SR AN B AR, St b Se Bl s 2 AL
o BEAh, T BT AR 22 R — AL R 25
P2 I BB AL AR 7y o 1235 P RESKILR
WIE [ E MR REEAE .

2) A NTENWFE 5 FE Rk

FEKR . MR ERRER SR, RO Sk
BENRGHMRON, B ERAETN RS L%
AR IR I B Xt N R SE 28 ARk .
ARG TCRERTT KEE BIERIE, HBETT5
N R ER KA ERARTT 2. 2R TN
TNV B IS IO R, X A5 A2 X ey T
PERISERPEZOREGR, Bltl, fRESRBLH % &
A EEAMGIN A 815

3) AN/ N5 MR

ANV G I AN [F SR T8 N & gt
ITEBIESS > T, SERO i H AR i 4
R RIS KR, TR SE O R R . K4
ST ARSHMRERAS S AT, SEIURT B H bR
R E L. 2375 T i B SR IUK SE AR T AR
Fo ST EoRE R EARERIINANS B ml A% o

4) HNFTENDFEBRE T3

MAH NFRGS TN R G B AATAE 55

___________ g 2 JESEE |
WA gk A"T"'LW I

(a) o K hel s 28 (b) REHIR

2 11 i
3 LI I
o N 9
Il I
I I
A . N I
o N A p |
T | T |
2N [ TN WIS |
(c) MU (@) BA1T3h

B A NTEN G FEE 4N R



551

FHikEE: WEA NN ORI R E S AR RERR . IR 5% +3-

HIC N RGIRN GRS XIREAT VR, A AN RGN W]
FE 22 A ORI 6] @[ 40 A2 P AT
%. R, BARFASLEANRGETHE Ad
Hoc M58 # Mesh M2%, % ARG HH
LML AT 7 TEE. RiEgwmbA =V, A A
FRG ) R o i P A ) T A R OR AR I T NS
2T T E S I AT AR IR A

A N/TE N R 37 5% B I8 A5 25 X 75 Sk A0
KEEFARXT AR 1 . A NNV F RS i
ZRALIE SR E AT S TR, PRI FR 22X AN [
R S AT S AL R, 3 A HR (5 T A
WEBIEBRT . HMEAR LSRG 5 & Re i [
%o BT, FiR IS R T AHLE B
5 B A2 B o ML Hiv i 2 18] R E5as o] 4% Fdia 42
BRI, RIGTR BN 25— | M B T8 AT A
REAT B 500 R E N R iEAE, Btk
T - E TE AT AR EE ., Mk
WM E N RG G IE I shSBA . BEREEE
A BEURSZBRAFEAER, DRI T B v S R R
IR DFERMIC I GE P AE T, WA ELAE AT H 57
S H (OFDM, orthogonal frequency division multi-
plexing) ¥EJE. FET I8N0 2B . RS A
#%[8] (OTFS, orthogonal time frequency space) &
o AN, FERUERIRMAECGATENIX 2 M5,
FELERT B AR AT RO AB RN B 75K, BRIk, i m] A
SR B A O FE LR I & — & (ISAC, inte-
grated sensing and communication) . HMEH AR
JrIf, 5 B AR AT 55 A8 15 PR e 7 SR Th 4 48
My WP BE IR L % . dhAk, BEEARRA
THBREARELARGTHNA, TARGHIEE
e XTHURPEAEIREE, G a] S 55 18 A5 A 2 i)
N R R — NI B A T [

2 fFEEE

ANTEN ORISR T AT A 250
Bl SR, AR TSR LRE Rg, H
AR I pATE ), W] RE AR S5 X S
s AR DX B AR Bl R A B
ERTETT A IR RIS B R R . AR
3 FhRAL,

21 ZE-HEIE

TE N RAT e B2 FELE B O EC K BIEToK,
5 Hb TS R TR A5 0 52 B b T O PR 5
R  A AL RRAZAR I REM o BT TS AHLIT AL
() AT TR, B A4 23 A R 0 ARG 25 5 3R
I, IR 15 8 AR 1Y) 2 07 VR N B T TLART B B LA
7 (GBSM, geometry-based stochastic model),
FE AT RN (SISO, single input single out-
put) 1S RGE, el b i) I AR A5 18 ph o B ]
bl R oAt

h(t,7)=h g (t,7) + hy s (¢, 7) )
Hrp
K(l) _Jj2md(¢)
s (8,7) = ma(r_ﬁos(t)) A 2
M(t)
h t,7)= P (¢ -7 ()
mas (50 = e 2 B (09 (7 =2, )
J2md g 4 (1)
e 4 el A3)

Hrf, K@) ANARRSEE K BT, M@)o iz
NLoS(non-line-of-sight) ¥ 42 1 &, 7, (1) ~ £, (1) ~
drg () 1 @, (1) 539919 %5 m 5% NLoS B&A% I 4 |
Z WS AL IR IR B IO AR A7 o 38 A A O
AR 2 (8] o3 A, AT DAHE SR 22 -4, -

*1 BNENDEIR AR T ABRIEE MR KB AT EE
78 YL P R R fEEE BEWI 4 424 I 24 AL
ANENDEBGEXER K. s, FPEE BOEE EEY Y. BT AR A 412 %
Hifi fIE2IFE BRBPI . IESFE B B
HNENBERERE K. mfe. P2l SOEE B AR, BT R A 412 %
(i BRBPI . IESFE R B
HNENBEGEER K. R B2 BOEE B TR, ST AR A 412 %
PP L IE B A (] U B
T T
1 NTEN A 173 ERH TP ETIRWN 25 Mesh  H 4141 2

2 BBV . IE AT B SRS R) K B
B R EEIY




ca i

palll3

L o545 %

P 5N I A BE DD Eai | A D 2R 5 2 4R (S
FHIE o

TR IR 2 — i {5 0 A (R AT A R R
i SRR B 3 B A A8 i T 5 R L (B
Sefr b, ABRENLEPRBE AT B R AR AR, U
TESERFRTRAT SPAT A M SCRFSAT ST,
T N BT i B S B s BRI, AN/
AR FT, 758 E R F M N2
HEE AT LI 7 — b {5 8 R 1 R I 32 30 2 vt
AR TR 4 A5 R B A 0 A s ), Bl s
K, ZREEST SRR BE = R X 8] & A B AR
o SCER[141TE AR H T —Fiif ) 2 KK 2 AN 2
Hi (MIMO, multiple input multiple output) 15 &
MAAR GBSM, AN T LoS (line-of-sight)
FEA Sy B ANl 5 0 AL B SR IR st oy &, 4
LA 3 B I ATAR S ST BAR B ) & o o —
i, ZF-HIBE S ENRE R R, P
EE TSRO, i, 2 AN
W22 50N, AL R 5T A7 A2 7K TR BT B2 1 1
[f, S ZK T TH SRR LoS 42844 o5 S A,
T b ER XU4% (CE2R, curve-earth two-rays) 157 g
i A5 B4 (R ORI TS A SeBR A A, A
ML [ R oy 2 T R 0 WU, a0 ZE 3. A7 A Bk
RN AT ANLLE, B TREpLIEshd ", @
X LS U AR 2 Bl R BUEE AR R TR, E
TES TR B R PR . SRS NS IR
AT R AR A O g Al 7 ST R AU R i 2 42 1
KILG,  TITMEER A7 AR ] _E AR SR AR 25—
HETE MR PR RRE, - EESTSH, W
KKE. gt 2805, 6eis 50545 R i
Wié o SR, AT AEPAR LR I A EALEE Mk =
ENINR, WA FRZ-HEEMCEEI T %2
R HAERS € 5 T AR, BORURS A E F A4S
T ER R

FHEGT-HuTH T 25, T AMLEAG SRR B P B 454
FURATHREE, HALE TR R, RETICE T 18
TN S LA (A . BRESS) B
5T B B TE AN B 22 R iR 4 m) R 2,
BL B 225 B AR A0 K 5] 8 T 7 [ 1) R 2 08 o ST 77
e, FEUEREUE SRR . SCER[17]E IRAE
25— i A T I I T WLAA DR AT 7 X B AR R 1
S . SCHER[201980E T e AHLEE 1) 5 B8 %) 2 )
FHAL . I N A E TSR . 8 AR B

BHFE AR 5] N ANLEE RN BE R,
RERETE — @ FE T Mz AT I R 51 AT 1 25 - Hb 5 8
AL, FFE bR EIE SRR A
22 EF-FEEE

25—l AT N/ TE N I R R 5 0 5% 11 L
RSy . 2 HFEE N E & AR E R, -
HEIENEESEUET LN G RE, WE &
AR MAG A+ R, HAlls -2 S Es
FENEE T TURAIIBE NS o AT 2= — b 5
25— e 57 B MR AR /N, LoS 40 i 4 B2
WThR 4 i e, HanEaid ey

T A5 2 — A A B AR X IR X T - {5
T, B B BIME RIS IE . A E TE A -
A AT R 25 RS TERFE N 3R 2 P .
Hr, EJUATRIBENLAL AL (NGSM, non-geometry-
based stochastic model) {81 F 45 T FE N & J HAE 2
W FE RN B TERFE, I8 e BEFIRS FE AR T
GBSM B, (BAERA P XT3 5%~ BB
Z R,

T NHUTT R B v 2 30k e vy W I B /NN
ETKI, AR B i 0 2 2 e R A -
SIE AL E R HERE. TR RdE 3 &
SECHEERE, WRIAMA (AoA, angle of ar-
rival) #1125 22/ (AoD, angle of departure) PRigiAs {424,
21 Bl oK s B R, IR0 IS B 1)
FafbERE s TRk . Xk, ST
) GBSM, X 2235 #h Thc et 47 1 #E 20, [,
& 7)) B S B 77 18] (1 A8 A 200 I 380 i) P R
PRSI o SCHR[271F) F e b B 2R AT RS TE A
B8 MIE 5 J7 [ EAT 7 @A, HES 1 500 I
B B 22 Pz A 2R I 2 I SRR O Bk 2. kA,
AT SR SRV [F) A LN, AH AR T AR AR A B
A R BRAS TE I — &4y o ML A, B3, R
LR ZH TR B U D F AR L, R e 2 1R
SR ARORE S AL B TLART TR 5t ] e 52 el 368 13 i B )
. ik, FY%EAR ERE RN TLLAE S A
PLER B 52, DUR} 27 v ff b R AE 2 Fh SR B IR 5 0
FRIE .

2.3 -HfEE

B NTC N [F] 2 Gt B b i 36 4 %1 6
fRRRER 20t . A N/ TN BHIRALRE, v LA A
BNAHIFRAS 2 P i e 28 AR AE S8 im R 2k ) A



1M FES: TRAE NN FERE GRIEE S AR JURSEA +5-
#z2 E-MEEME-EEEEE S AR E ENEEFIE
{51 Sk LRI RAY AT IR AR AR A deFAerE Bat: [EEtEE
-HEE  SCER(17) NGSM TR LB SR LIC RBIRLE R, #IrhENL i & AL, PRI
MIMO FRY, AP CE2R MR AN £ 45 A I TR 43 il SR AL B 42 . A
FEA N BT
CHR[15] SERIB T il XIAES S, BT B, ERE LoS 12 % ko PR T2
SISO M= RS, TR AETHERTRIER iEiE
SCHR[13] GBSM L5 o i AT o 6 B o 21 = T o = A i 2 P 15 18 B 25 A0 % R
MIMO FE T WOR PR Bl . TRaX (A
SCHR[14] GBSM R T ANBEEO, BRBBUR A T WO 2 P 15 18 W A 5 3% R
MIMO JRER, B O A T A 2 . SHFHSE S
SCHR[16] GBSM EHETBESR, BRIES RNE S 2 K, 2 7 B EEHR . P ARIX
MIMO P C R BUE E SR & )i
F-EE SCHR[22) NGSM BT L B EEN RS R, KT ARG LBy i ) VR YR
SISO REM R BREESEG @) 2 0058 2818 B 45 W 2
AL T ALY
CHR[25] GBSM FHE LoS BM—Ik. IR KRG AN P = REARAR G B, 2
SISO B ALE AR AL W
WS, G AT AU E RS MRS Zh e AR 1A i AR T T JEF A GBSM, P&

AL, SRR b A 0 2 RS P s il R s R )
SIEMEY, U1 LTE-Advanced. 5G New Radio %%
PR R g AT I ZE AN RIS B o MR XU WA B3
T i (R et R A, TR 42 o6k NS5 LI, NLoS
FERR R A MR SR B B3 0. G T N 2R AE
Bl WTHTE . N FEAETT AR X AT SN, {5
5 B R AR A Bl 7 S e A i R R RS TE ) 2
PR YE . BTN RS S R AL B AE S
B A % LoS/NLoS {538, sl fili fl 5 /Ry ok A
538 LoS 5 NLoS IR 18] s i), aeig
RS M —HbAE B R AR BE S . 3 — T, BAG
NZE AR R R A BRI M, ([FER
B IE B R ARV E R RE A R A . S () T
NGSM (#1345 Fats—Hiu £ 3@ B 84 7] L) s A0

~

ht,7) =Y a4, (s, ()3 (7 =7,(1)) ©)

1=1
Hr, a) () Mg (0) 3 IR H 1 6 2R IR R HR
IFAE, s,(r) € {0, 1) TR ZARHT MBI K . 2B
W LkZR, B s, () @58 /RA Rt FE,

REWE A — e FE R LA 0 1 A P R e i o &1
X MIMO {518, T B 58 28 T 5O 2 (8] AT (]

FASEAIER E AR B, SR, &
X AR Ll KT AR N/ JE NP ) R G 3 55
JEHAE NLoS 2% T KRR fE E AR YA IR,
RIS IZ AT I

3 BEE

A N/TE N Wy R AF 2H W T P sh A 224k 18
BRI, RHEZ RS, BEBIRAENER
FRIB A, X TR R R MmT 58 & se i
fEes B B2 o PR, 75 B AS RO RHE,
7870 M R EAE WIR I RS A AT L B, SR i eE
AW R R R PiTiae 155 ERe,
LG 2 7 E 1 5t TP AR SR A B £ A5 5 5K 1)
R o ATNTEEL T AT LA T NG AW R LA
BURERETE, eA1S AR A, I EAR ST T
THAE 77 K
3.1 IEXSERKR

B I 2 10 15 PR B B IR B K T AL {5
Wst, KEr# 5K F OFDM . ANFEF i G
SIS, %A AR IR F TE A AT E 1 i)
R B P 2 3G T Bk T 0 (ICL, in-
ter-carrier interference), 1M 22T KAT 5 0T



o i

e 455

. (ISI, inter-symbol interference), Kk, XFid{E7H
TERIPUTPLPERE R ZEOR B o 0k, T id s i
# OFDM T-#c 7 Afgoe,  nfdt U 1518
SKFE Xt ICT IAa i, DL RE 8 7 3k 3 &
XF 2RI R R @Y. OFDM B AT LL R JE Hb i
BT SHOIRTHAM MRS, AibixFhr Uy
ke— W AR DR AR AT 58 40 R SE AR 5
M. FEF b, SCER[3S]HEH T —FiHIEMT OFDM
- HE(E FAEC ENLH]; STER[36] 051 X MIMO 4
By OFDM 815, TEAR N2 Ay 58 B L T
> 2R R, AR E IR AR R VR (S
BTG T R vR AR B (5 1E .
3.2 ETIEEMZERER
EZTNN T, HTEANBIEPLEIE,
TRFF 2 T8 AL TR A R ) [R]85 A5 TR e, 3
ARe FECEEMFD T, NFEIKE T ANLIE
RGBS YEREAN AT SEME . CR, 245 OFDM
WY T a2 7 A 4R S COOBE, out-of-band
emission) < KT, ANHEEH. FB, ANFET
MR LRIEAE, TE AN A SR AR X A R, 4
X} 22 6 ALy 55 W) 75 B AU B Y 58 o vy 2k R A
RT3 A5 Y 5 2 E 2% TR A IR AT R e . BT
U, A R B IE B IE A B (F-OFDM,
fillered OFDM) FIJE ;#8412 H (FBMC, filter
bank multi-carrier) 2 FhIET IR KN H T2 1
MHLFR Gt . OFDM %5 5T 38 1 22 2 ik e JE o)
L ank 3 fror . 5 OFDM i KA [F 7E T, F-OFDM
BN ATy G NE B AL B, X — A E T A AR
FHAR T (T HUsm B, St B 2 . B AR A,
F-OFDM 7] L\ SE 8L 5 47 1) OOBE #iitill P fig, Hadik
OOBE #1ifi], F-OFDM #7152 Fll 7tk 14 RE 2 RE
BRI, T FBMC W AR R4S T30k 5
PEPEAT, AT s (G S A L oy
WD Z U, SEIMZ S YMER S RCES . LT
OFDM, FBMC ] PAafr RS i frt &, 7 sl
B B RGP TIRERERY . HAT, ik

TEHARLER N/ TN [F] R G0 T Uik B A [,
BT RGP R A GO RS, R S 4
W, Z R EE LTRSS, TR
FRCA AR R e 18 A5 4 I 5 ) R
3.3 EXEHREENKF

UG NN IERE BN, T A 2
BN, A& Se i OFDM 45 22 480U i T Jov ik i ot
= BAR L . OTFS B H AR E — P B T-if 2~
Z W B A T R, RN AT
J& o HAvVEEnd s o AR I SN0k 745 1E
SEHLRE T HETE . R R R P AR A R 5,
SR OTFS W] AR #2218 B2 AN 22 A2 A8 Ha i 100 R I
R E 24, BAXNPUEERSNNIS, (HlT
HEET Yo AT ZE e, ) e S8kt OFDM #1511
R FE 2T, A, B 28 o AN [ A% 3h i 1
W A, e E B AR IE R £ 4k (NOMA,
non-orthogonal multiple access) #% A% OTFS™*!
PLJ OTFS-OFDM Z 3 L1748 75 307 DR e«
4R, ¥ OTFS 1 MIMO 4 & & —FiB 7E i 72
Jila) e SR, 5 EESCHL A AR (I R B/ T i & v
VI S 24k FEE P A ) B0 92 45 O B 52 R LA 78 40 ) A Pl
AR B A E .
3.4 BRI

UTEESR, A A AL BRI A R, H
I [F) — RSG5 S s A AR A D Re, SRR
BRCR. HXHNENBRRS, —J7H, &
AT B DA R I b VR AL A T B AU EN 24, &
ANIE A5 se Ja B AN DI RE 2K i — 71, I
—RBICA BT N/TE N R 2 G0 BN R 55 S
FEPE BN FEIBAS R A — RO T, — A
A A (FM, frequency modulation). 4H
(PM, phase modulation). 1§ (AM, amplitude
modulation) 577 FOR 8 (E £ 5 BN BN 1,
UAAIE S (FMCW, frequency modulated con-
tinuous wave) %, ELARIXFh USRI FE S DLE 15 )
Reff 7 NINFEAC B LB o, (H A e SRR w k)

=3 OFDM 3 72 5 5T 83 Y S 80N K FZ XS LE

BIE Y EZ %) (NI (iEc AT id A IE 2S TEBORLEE OOBE
OFDM 2 P 1EAE 1EAE AT (=

F-OFDM 2 P JEIERL HEIERE T i
FBMC =2 5 FAFIERL YU IEAE FH BAK




514 FHikEE: WEA NN ORI R E S AR RERR . IR 5% <7

Koy T 5 BB R R TR AR A 2 R
G Vcit. B, SCHR[48-49TH5 B A ATEZ R E N
PG, FROAAT B0 A 5 i R B ok 2l A il
Ko SCHR[S01#2 H T —Fi# OTFS F1 FMCW %
B BB, @l H#E S OTFS Al FMCW
TEZ AR R, KIL FMCW 13 578 M 4 s 46
) I 2E— 22 57 )y 3 ) 4 440 A SRR A R
P, BIAT DAFERS 28— 22 5 e b 6 FMCW 15 5 3:47
IE4E R B35, IS 5 1 R % AL B AL
b, B, XF FMCW 1551347 OTFS Wil ks
G RGEReIRAE T BT REdE . (B2, FhxT A
—E M TE AN LEERE, WZIFE 4> & ISAC W E
g B AT Z AN B E T
i, FET ISAC PRI (E AR AT 587 Sk Bk 5 T 51
TP ) R, X A 1) R — i L7
PN N TS N ISAC UG TE 120, e
SCHR[S2)7E AL H Il A5 775 (1) B6 Ak AN T 75 DA
TGV a8, WA BT A B RN T s
TE B 15 BT 75 0 e/ ME TR L2 U R ECR
SRS INZFM LR, B KA AT SEHL A L R 5%
Ko WA, BTG EMERA . BRGEE. 0L
AN 2 AT VRO R IE S 10 2 A v A
MU, 25 LRTIR, AR5 ER T AW LS A
NN FE RS LA B E AR, iE
BIRTEEARXT LN 4 P £ESGPRB 5 4%
HBHEEI TR WIARE. RAERE, EFE

T AR PG BN S I R AT FERIA N/ A
CRGEER

4 BNEABELIREHMEAR

ANTENDFE R Gl 5 H R R @A N/
TNEREMZ, HHANRGEENRRAERK. 17
2 LA, SHRAA ASCE N RS, H
FEAESSE B, A 57 & mR S rm e R A
HEMRS. R, GARGELANRGET N LR
ZE 5 WAL B M 2% 3 TP AR DO, AN RGHE
MR O R R 5 ARG, A
AGHEA N RGEIR I A2 5] TR a5 SR 5 AL
HARRA] S SRR 55 o FEAFRAES KT
A NTNRGE B L5 5 HW R M AW A 442
A, R R TR BERE I BE AR AL 5 BB A BC
A NN R R G I 25 48 PRARAT IR e BRL i,
W TH ARG TN R GRS R fd i)
B RESRAE I 28 BSON IR A A DR A S B 1) L, RLAR L9
RS a0 a7 NI 2 )7 N O v L T
4.1 ML

ANENTERMEZ ALSSK R XD
NTIREAER @AEEh R, HEMERE.
RIGHIM IR . —RBORUL, A NN R RS H
LN N NS S = PP TN B = = S R Py C|
Ji. iz G ST R A S 3 E BT R %
WA, ABDRGN K. AN G

=4 AR ER R AR
WAE W s LIEAME T R B
OFDM 2 B, P 7 o R FRET o RS ThEMA
LS WA o PRI ik
o BIIEHN
F-OFDM B ZIAN 72 5 o RIEBRAK o ATBE L P T8 TR I
o HHELA o JEMHRIESE RS

FBMC "B, ZHAM B =
OTFS FR A B n
MRk ORI, WEZR — _

o B AR

o [P THHA

s IR THIRE IR
o WZ AR, [FBELITHBN o IFRER

o WIEBCK

o P BR AN S8 fig LA BBk

o HibE K

o TG AT i ] R o HER

o JMHIFFS T o BFEEK

o PN

o BEFEMT

o IFEED o fEHH SR

o BEFEM o BTN waetkRzE
o T 55 IR o MATERTIH B

o AR A




.5 w3

e 455

WS B SRR S 2 T, It E NGt
AT I ARSSEARI . AR5 SRS, SRR
M 5N EZ MR, RENRGH K
T BNV B RTOREG KIS B UEE  BAAz ]
PRI S, RBADRGMN CIREE” AT

WRYE-F & HAE S 7> LIS TR hiE, A
NIFTE N FIEAE P28 BRI T 32 1 2 — A
FE-TNFE 7 1055 25 R0 E ALEN 2 40,
Wk 2 . AN SENREMMCT R, Sl
e BEAT (5 B A H, IE M B A, 2t
TR BRSNS & AR BEAE L
NP G BB 539 5, WA DR St 4%
S, E 58 AL I 5 HEE L 55 ek T R
Ko ANVE IR TE W BHRETRIER, K
NHENT RN Z4, HIBERIEE, ERE
SRS E BERR IR 2R AF I, R E TS, A
P T RF 35 B . Beoh, AT E—28 K
S R, AR A AP & 8] A
FIEE P, e A AT E BTG EA
FE.

75 PAY 19X 2% SR AA U B SR i, AR AT 55 AN [RI B 7T LA
LM, HH N GHETOERT A, B
AL EH AL ML, HNFaMENT6
e, AT R DU RS . Sk,
ANV B G — PR EA T AT SRS, W 3(a)

T A

FizRe Al T sUSCR R IR N BTE BN F & 115
B, RIEg—HHTIEE A, MRS R B
A EH LM T NESR LT m BB 2 5
P AN IR AT L L . HARZ AR
TR T NS, AR AN s . A T4
R Zg SR, oA o E 2R 28 1 R e AR A
5 B e ME B H FAT REEAAT S, XM
2 B R B AR A0 B HE I AR MY, &l 3(b) BT
e NG ZTE AT DL B B B B iy o
ARIUPT 3 R RAE R o XA R T DL PR S 4
—REANRGAW, HEEERGEMBRIIE L, R
RAENL S5 HISE TN, EE RS S SRR R
AN, A VE RE 2 52 B CKFEMT . 45505238 ] fE
BT B AR TR, B & 2 A H
FAEREEHMILE . yit, SCER[S513EH 7 —Ff
X 2% S5 44 GG N, R S AR B R I T O A
SFEAE L A FONIEI ] o 4K 55 ) 25 25 4y o gt
(IS EREP

BUAT IR, 5l e 63 I 2 - b T FL IR R A 2
R NNILEEE, 28 QR L s — A E T A
NITEN T [RIZLIA (28 BE 2 AR A R i, ATARYE AT 55
BEAT B T34k, PIE At B A IR SR SR,
A N/TEN R R BUAE S8 R 28 N AR BT, 14018
RS M RFATIMHMAL S . WK LR, (5
R0 2 T LR N/ T8 AW RV 2H I 2R v

B2 A NTEN RS P28 284



551

FHikEE: WEA NN ORI R E S AR RERR . IR 5% +9-

(a) SR eh %%

(b) 4 Ai XA LR P %
B3 RN

VLR, @A NN A BT
B RAGHI S BE R SCH . B 2 FEL 3 FTos i)
Gy ORI 2% a2 — P BRI T3S, bR
5% T REAKHE A N/ TE N [F) ) SR S R (—
Berl o A EMS e RE P, ek
FaATY R AR . DR 7 A AN [ A 55
Yise, RFAHRL B R AR R0 2% 84, A fig K
R KM R Re. ok, BEHELL “REE” AR
FNP) TR FLIE I 1 B A ] S s e, AR
28 —To N1 G I 288 — 1 T DX 28 2H Rl 1) 28 R — 4k
I 8% B L) 2 R RA /0 N W ) 2H ) B A () —
HEREGES .

4.2 LARHIYL

A NTE N RN, AR s e e 25 ) 4 %
VRN BRI RS, X T ORIE P 25 1 B 28 G =
FO SR TR LR A R R B M
BN R EE TSGR R, DUSBA AN/
TN R E ARG B ., T AFH 5 BRI
IMEAESS o A N/TC N W R AL) FE 1 TG 215 9 2% 3
AT LAG3 N2 () I AE X 48 F0 5 [ I AE 2% . 4 m) IS
X 8% 388 R FAAIAT B, (Sub-6 GHz), JGZkTi sin]
PAFE N7 1) b A I R S5 5, FF AR5 Y A 1
FANT7 1A E R B AR SE T . A lAiE G B
TSR IE B, (AR T =T
e DRI, Gn o] S b R R 9 2 TR A 9 2% b
THIOCRE . 72 SCHR[S81HE Hh IR VR & B i Wy 22 k4
A (CSMA, carrier sensing multiple access) /Hf 7%
b N (TDMA, time division multiple access) HI4»
SR U5 (835 81 (MAC, medium access control) Bl 41,

N RE T M T R0 B AT J T A I AE R R A
HECRIMEE, FARTENUE S i) X R il k5
I AR EAT U7 ) o A ST SR I B A1 BT R )
Xigbrid 5 B OAE, Bk —ANBEHL R 2 R
(A RENASIE, SCHL T A5 T8 Puod 4 N\ R0 2 Al i Ak
o WA, M504 SO0 NN AFAE A0S & TR,
T AT AT T SRR B 1) . STHR[S9]42
7 — R ETEEE N E L EE, BRI
T FRORE T SR . RS B E S E
SEACHLA,  FFRE T A S T8 15 R I R A A A
HAT TR T SIE. 72 PR E Y IG5
A LSRRI RS, AR T 2 T AHLMER )
A AAZIC I T i — B G AR B R 1) 55 5
|, —HE AT T eSS R B A

JE [ 4 [0 . SR (60138 i 485 5 % R O F R,

AR KRS HTHiee . (B2
X TR FE B T AL, FEP 28 30 2 il 2 I [a]
AR, PR, anfel e RAIE IR S5 BB (QoS, quality
of service) MIHTHE T, PR kb 7 8y nlFEHh4Ed @
{5 B AL R GE P (R G 1 AL SRR [62]42
T MR AEE RO ER TR, Bk, BT
BT RN 5% S AT AR JE T s A, Ak
AT A BEIR AR RS SR SRJE, R e AL SR R B0
SEEL T AR FEAEE B R, D TR A R
ZE(A], LEPRE I A BE N AT BRI R B 2 B B

B2tk TR BT R NEEE
FEREARTHE S 4, (H PR RR AR T A FE 3845 B
PIZREL, 1815 5K AR, X LS
VR AR IR R o X 2% S I AR IS, AR 3 S 56 0
T B SR AE B B Re S NI SR, (R,

SCHR[63]3R th 1 —Fh T 946 5 ) 1) MAC 1,

I 2w F I 25 ) 26 56 0 IR DL R 2 4 B R g
7= S B VA AT R L SRR N Gl
Quorum JFF KN, Bk T & 390 v 1 g R
e, M ANSERISE. BE2HT
Quorum ML [ A BRI, 240928 BTG it , 4k
SRS ] S22 P3G K, afE DL A2 I I8 BURAT: 55 %) T
I SE 2R o T4 m) 38 AE fE PR A 49 U7 T 2 &
PR, e A E (S A R AL . Uiy A
HELFRIERE, VLA A AR, SR AU
MER 7 AR TS L fr e e . B, SCER[64]
B otk = KR I 24 A TSR M B ARG . AR
AMERER R, $EH T — T [F] SRR R R AR MAC



e 10 A

palll3

L o545 %

e Z P BOE IS TR, =HE
TAREEYE T, ST ) I A T A
EH A Lo 42 A1) 7 o R 4 1) B A o) L
BRI JC 2 4 N0 r 5 2y, 1 3 1O 000 £ B U T
DA 3ok v 400 1) B B 5 o 4 v A I BB O
BRI, AR A [ BB AR T AT DUCRFFEERE . R,
A A PR A0 4 ) 5 B A2 i 0042 o145 5 8 B s A
JE M FERS I 5k .

43 HTWRIE

A N/TE N PRV B g, 747 8 7R 23
EAMREERIE, DM AR s . R
SRS HHE . To B 2% b I 2 sh s v A
155 5 2R MR AL A 75 5K 8 5 I 1) R0 2 ) R AE PR
Al L, T, S o RO TR AR
PR, THFRETHR, BEG RN, SIS R
PR RAG 2 NG N [F) B e 4L 10 v 75 22 5
GO B W T S BN a: N e ing
SN RG> BO I BRBEUR, AR s R L I
EERFINRE . BT, RT AR b 2% 75 SRR I 22 IR 2
BNAS A EE I BRI 3 Be 7 20, BATH R AN R 56 2
M55 BRI oK o FESURTT T, 75 SR BT S
N7y, DAFESETHIRE F FH 22 1 R el 4. 1
n, AR B A5 SRR R X 2% R B A DL, BhAS TR
9 B 3 RS SR ) Jr B AR T, R
B TR AT A 1) 20 5 IR 845 9 2% 1V RE IR SRR R 3R
0 (A B AT S ERR O, DRIEASRIR e
b 55 B 44 TR IR R AR B B R FE 7 22, (RIS AR
MRS B, PRI R EIEEAR, 3has
R TR ) MR/, DA A 25 ) B 95 ) ) FH O 42
T FERR TR . BAh, T NIRRT R B AR A,
AL & B A D AR, TR 2 QoS ZEK A
T, REmeEME.

BExt 2 o AL S R M ATEE R K, 3
BRI6SIHR Y T — I T2 F AL 2] (MARL,
multi-agent reinforcement learning) [ 5 7 FiC HE
28, BT AN H bR 4R B — > B B SR
DU R T el i . ZEACAI AR, KA T AL
VEN— M RRSZ R e, MR LR Bl s 4 SRl i
SRR I I B RN, B KA IR R SR AR
W DM FEE RGN, SCl 7 a8
LI 515 BACHIT A Z A ()P4 o BEXS L 1 Atk
RIX A w5, SCHR[66]1R 4 o A B 2% I 22 3))
AEAFHRFIE, R AE BRI 20 TC 1) R AN B R

PR IS F 1 2% A 7 B KA IR A, 20 il 3
T BT A A R FE AN PP 8155 245 0 Bl S ik
KELE R BRI, REARRARP IR . TA
PUE R, A5 B B PR E B AELE FoRA
SRS 72BN ki L AV i Tl RV e R 0PI
BRTRAEZAT /L BT RURYE T2 B2
I 2, DR BRSSO R . ZPREW], %
PR BCREA RARTE 7oA i IR B
S5 T AP RE

W& A N/ T N F AT AR 55 I A R DL R 37 5%
R ZHAL, BHRIULITH A R 20t 2 4R
BPIEA, RIERNE IRV T Bkl £S5
WIRDBCTT R, REHEE TSR, 5
FEAEERASAE B R AR oL N 24T BHIRIL AL T &
ISR, XML& M EhASRA KI5t TS T HLE
ST R 2% B e LI ) A e DAL, e
PAGRAESER . PRI, BevtA 2 B2 il 7 28
FEARRA N/TE NI B BELH M SL B &k T SE AT
FRERIEAT B -

5 BIESEEMENME

FVNGIE S NSNS SR IR YN S
B BA NS LA RE MG 5% — R
mo KA HA& B B SIS BE 1 B T8 AT RUR
A N B LB H LI 2% T 30 B A o
BEITA NTE NG, A S S 3. H s
MTE MRS PUAEAESS, 7T LA RO R fE
PrRDC S . SR, T R 2% 2 AR HL 2 SR R
(I Ah BT FL T IR, SR 2R 400 T e U 4% 1 SRR
HAF AT AR RE IR IR, A LAV 4 R PR R S
GRE BT BRI, 2 T NTE NG R 2% )
AN ) Se bk g BRI, M s E 5 E
HE P R il 15 SR O 3R THE N/ E NERRET & B 1k
BEAIES
51 THEETBENHWE

BEXTIRAT BT IEAE i S A0 R 2 2% rL AR B Xt
AL S I R BB L A NTEN
ERERG T BN E A KT 7 5 WA e i
ARG, AN TN AR B B RS-
A 1 HE LB AT B, ARSI
MRS BSOS SR S TEIRS ML
MR, Il 2 4ERAE RIS 15 B Rl 2R e
FRIEERAL, HIk, BXTREEE GG, e



551

FHikEE: WEA NN ORI R E S AR RERR . IR 5% <1l

) B e N TR R SR A I 4% 2 B S A R Y L
FCHLEE, Ik 58 HH A A0 A 85 BOR F0 ) 45 45 K 2
e e, ETHREIRMERAIRNRER, #he
TR RIS R e ST TR BRI
BT SR, AR RSN “ sl
TR CEIEAR” KRR . s I N —
FRFIR BN TR RS, AT DU RO R e A4 5 41
FRIREE 2 8] R AE EL AR, SEEGS I PRI A PR
RIS SHOERC . 2E— P, X T R A
NIFTNZRGE, METHFAEZADIBET R, B, fi
B BRAL S 2] AT R oK, WY R
LR REAR TR S SR . FE 2 R REAR DR AL A S B
B REAR IR IO SR R T BGRT B S B
1, EaZ 3 AV ReASIERR M. Bk, Bt
LR REAA M E S SRR, SN £ R AR R e STk
Sy 165681

IHE AL, LS AL E AR 38 A5 U5 T UL S JF 0 1 45
SHRHAT R E, W2 N AN
T BB R ORI A RE 7, AR L i,
ARSI IR 7T RE . (Ho2, BlA BB o4
G BT S A Ik 0 B IR, A L BLSCHE ik
RER R VAR SE I o DRI, SRR A 8 X To
EECE ilie-a] k - Tl RN e R O
E X TCL AR ) R RE M E WA e — N EHEKE
F 1169
52 BEROMMTHIBIENE

FIEESEPRIN s, &A NBEAMLA
BRI MR SF R R AR, WY
B2 PR, TCVEKI e BRI BIRSE R . 7=l
DA IC AT SRR, R TR ST R RE
REAME, K2 R R am L ST SR E S 3]
VEREAT G . SR, 7E2 B R >
P, &R AR B S WIS R B R 20t
b A AR ) SR P AR S DTRISEME, AT il 2 2 e
WWHSEAFAE AR PR, T E B I ZRRRS EE. A
TR R R, SCHR[70]88 T f) iz N
PR 5%, HERAAR T IR A AT
TiR: ARG, I fe kR S HBEL
4 PR AF B T i ANV BOR & 45 b LU T
WERRIRRENE: EHATHI B, 2B REAAAT - g St
TR, BN 2 8 AE R R L T E Ik SR N B E
( MADDPG, multi-agent deep deterministic policy
gradient ) B3RS IE T8 22 5] ) 22 8 e AR oAk 2 5

P QMIX ( Q-decomposition multi-agent inde-
pendent extension) 537 SR T AZHELE. LA _EML
il 75 Z L T sl O T A T ISR, XTI
AR, HNGRBCERE . OB X T R
Bt 5B TR R IR AR, HUIZRIN AR &2
TR, IF Bl O I AOBUSCR, 2 A
g RatE.

R T HRFRIBEAR N R, A TAEEL
FI TR T BAL L 1) 2 B e e . ST xd
Z B AL TS IR BE h AT IMEAE S 1 5%
SCHR[72]82 T —FhdE TrE R oL i 2 8 re f4d
B, 207 R VR e A 2 Rl I AR - R
VE R JTHLH RN 22 56 P AR 41 R 3E AT 1 5 14 1 457 2 08
G RGPS 2 il (H02, HEZMD
DRAN G S AR o = 7R e AR TR) I8 E PR 1
B SCHER[73 1 FH s 8] 9 J2 428 AL ) R s 2 1
ARBR ) B AT #1102 B Re AR AL 7 ST HE R, fEA 0
0 28 TR 555 T A Bb T R o SR AT B3RS SE A0 AL B
TR FIRR AR, o S 1 Aid e 40 WUl B ) 0 A 4
TR 2 B R AR A PR E R ) &, SCHR[74]
FEh T — M 2 R e AR B HIOEAS 7 AR TS AN
BRI ME PSR, FHELT QMIX & £ 2 & fefh
b T AU o et i a O c oy i .y WL IE N M A A
W, BT BAREALHI 2 B ae A v EE St
WS B IL 5 B X R AR R ) B & B e
ZAE ALY BovA A, METER T — T 5
S RIS AT 2 T PIRASTS, ARAUAT LA 4
AR F SRR AR, IEBSMET TR Re ik
PMEREEE . (2, BT 2R ek s et
WREIRNE B S5EE, ZERE TR 2%
LAY G5 1) A AS 0 BT B 5% T 22 8 e Ak
ERCR B OCHE . 1A, TEUHRE, £h)
JiE A S A AN S S iR A A S
PLER A SO R, DRI, 75 AR S bR R
TEFEAH L 22 21 T
53 BEBEETHNEENE

ANTENEREH T B B, B & SRR
IGR, HAUEGHES@AKBRZ . ok, R
HA] R H ISR P . GEAE R SR O A R
PRI S AR T =B Bk, DS sZ
PR L0, SR A AR 1) 5538 (5 A 8
A NITENERE AR B . O T &R AN i)
R, AR AT 32 NP 7 THI R M 9 55 3845 2 A R )



e 12 A

palll3

L o545 %

SEREMERES . — 7, I 3 EAE 15 5
PE e AT A LS EREROE TR M S WS EPSYE
o, A s O, W SR A
7 AFCRIERSY DN PSS = OR RS YA (i P W &
REAMI T BAR T AEE A&, SRTHEmACR.
N T IR TORAE B4, TR 761 R H 7 4 B
REMR Z A Lok AR BEAT I, JF R T — M T
PR BT B4 B R GE I R L, e B e iR 18]
REBFAELEUL S L HE R EEREE . 32
R 7 8 0 A A% A SR AR v, SCRR[7 719 Y 1
— TN R B S S RRTARE R, ViE 4SS

R, FHRITIET DAEANZI R L RE A5 DL T U6k
2 80%UA L TCAE Bk . SCRR[78]82H: T —Fif
78 2 AP I VAR S 2 B REAR AR TS
B, FMEE R A BEIE R T A R 9 2R
PR B AR b B . STRR[7918% 2 R g
B E A AME ST ERZE, EidA
ENGMIY S S RAE, 2 RE AR 18] n] DURH T2 A
AR SIS . 2P, SCHR[80]HE
R R R REAATR U SGEAE A 5Tk, I
ROHEANR] SE A 9 7 T 2 A T SCEAS PE RE SR AR AT
PG T ORI, A SGEE Ay — g R s A5 s
WU D B , R EL N B N/ MR
AP RAAAE A e B 17T, A, Al Ess
WAEFAF T RICCR. BB AEEZHEEEN
B SURMIE, BOTHRFE AT N/ N R I 25 1)1 LAY
RNEC

6 RFKRE

BEE N TR mAG it HANE REIBESFHOR
MR A, A NRG S TE NS U A K fE e ik
KL A SEAIATEN LR REFIRE, (H2 H AT
R IRZ M BUEASIRANEIE, R Bt — D R s
) B4 AR LA T T
6.1 IHRINMGEE

A N/TENTERE M 25 2 2 Fh D 8 % 7 f0 4 RE
B IR G TOEM A, Fem i i 7 /5K
FL RGN 855 L X 28 4R 25 4 22 38 A5 R 8 2 i o I 1]
AN 8] AN [F) A A R 3 i Bh &8tk . ezl N/
TN BRI R R TR, T HIp RN
fIRE ST RN A BRI . 5 N/ T N # il i Xt B k3l
S 235 B AT RIS, SRR AR
SR, R mEh AR REES R, R

WS IR IR G S R P S SRR A T
NGAE. MeAh, BT MERMIEEY S SR E)
(FIRRZEAT R, ZR G0 T LICKS X 5% 47 388 2 ] e S 380 ) 2%
HURZER], SRA0I8 FE SCERAR-S SRR SRR,
BREICL T8 1 IR 28 2= [ B0 A LA &
B 5 F R R R ER AR P 4 JR R R rf, AT 3582
FERG H R S EE ). S, AP
TR ST 5 MRS EZ G B HAFEAR
(PR B2 (R B RIS, AT ) FH DR B8 AR 0 A [R] 4
FEEPPIRES . E BB RE. AEFER
RAF N
6.2 EEYIERMAIEE

S gua E M A b, AN/ RAE
R4 5. AR IR At 75 SR 25 5 TH AR 45 A i
DX ), e A 2H X — 7 T S % E Y A R R A B
KA R T BN W 28 FEIR e e f, o — 4 H
A R B R R RS B 1 R o T S R
fE. BH, ATLURI RS S B R4 i EAREY, B
B A5 B HEAE A . 55 Sk R 5h 5
IR BATECE Bt BhH AR SIS Yok
YR — AL B YE, B R Ak A B B4
WS E, 29845 B IO P B 380 5 5 R A A
AWt FAER, BIATDUR @ E R M PR
BRI S AT — R A TR BE AT I 25
EAEHMPERE, R AU RSP H AR, 2R
M, HaiE S A 1 AE i W 7 ke m s
S35 W B A ) S R A O AR T DL
o A% 1) 45 JE 35 42 A 1 4 38 3w DA UG e S5 A% o0
B, AR NS S E A X B SR T RS
SR A 1 RN 48 R RN S B A BB R A R
P54y B 45 7 T HEAT HF 9
6.3 BNIBE

A NITENIEAS R G008 2 5 ek (8] B [7] fif o
—RINEHALS, TEAFERARNIE ., &R
A AN AT AR S M OC AR B . BUA IS RS
R RERF S s, AL E b S5
FHRMINES, IR TIBE U, M DA 2 5 2
LRI RE UL [ N/ TE N RGuxt 2 8 fe fk [A]
P 3815 A SR, T DAE AR E BN A S XN
Ly, 18 SRS 18 e 5 NGBS Rgib Rk
FEEKAEF o it 48 5 15 2ot WAL i B A 2 1)
B R SHERLRE /7, 75 B R B DL AT
REls M5 Ba UERME IR X 7, SLHlmt . %4



514 FHikEE: WEA NN ORI R E S AR RERR . IR 5% < 13-

WERE P ERL TGS, 55, EHE
PMEIERE T, B CEE K& RIS H b
BT AN HEAGIE SCRFIE S BRI o HT 3 R AL K15
BT BB (5 RNES L EBEEHT
DA B %oF 5 4T 5% A O A B4 AT 1 SCRFAE 32 B4 Ak
. JEd E AL B RE BE R E R E B
W, fEEBEANEA L — P E R
R T R R, A DR B E 2
PEES N, XHETIXEAANREMTENRS
V) FF) o 2 W [R) S A . SE BB, 8 U S
e TR DT I R SO S, R —
AR, NF TSR AEEROTN S TR a S
HREE, MATAT R 509 W& M 5 o e
ZIE N, FE SCREIERETE T M1 5 AR
TN R G AL B A R WOE (S SR . b, 4
HIE AERA N/ NEE RG G E 2 P,
Bilan, HRT A A R SRR e A Y AR
B9 YA NENEERFELEFE AT,
) AT 55 )8 SCAR % SR T R A FL B s 22 2T HA
B SURFAE B AN T fif R P Dy itk — 2B AR A B )3 T
PR HE 25

7 ERIB

AT 37530 5 75K BB AL @5 R
A NN FITR A H R EOR A5 5 6E P R Rt
BHAKREE 6 AT A N/TE N E 1 fei
EEHANBEARET T REEE%. Bk, ANEA
v 1] 38815 0 2% TR HG | 2 P A0 SR P AT 32 B T
PR DX o N REER . DU S AT B0 5%
U, RERTSAT . Hk, ABAE AL A A
AT NITE NNLIRIAE T8 2 AN 3 £ i %
BORWE TPk BEJa, $RIEA NN G-I
WA AMIERERGE . WA EHANEEAR, &
TE R AR BRI RS, BEAh, BRXY
ANTEN- G LS B ML AT BE T I (1 53 BT 59
HAE S R R, IS 5 e U R R F A RE
FC T HB > LT (I A5 P A AN 558 A5 T B AE B
[, DASCIU B IS 15 RIS RE /e 51898 . f
Ja, AT RN H NN ARG E R RS
B R DL R AR RE S5 TR RE RE 7 AN A2 ) B
B, MIZSOAFI SR 5 BB RS AE LR
SCEESEMEEHAT T RS, DN AE N ENRGHE
REAL A IR RE -

B3 -

(1] B, . ANIEANRS B A 8RR
= BRLE, 2018, 48(9): 1270-1274.

CHEN J, XIN B. Key scientific problems in the autonomous coopera-
tion of manned-unmanned systems[J]. Scientia Sinica (Informationis),
2018, 48(9): 1270-1274.

[2] MOZAFFARI M, SAAD W, BENNIS M, et al. A tutorial on UAVs for
wireless networks: applications, challenges, and open problems[J].
IEEE Communications Surveys & Tutorials, 2019, 21(3): 2334-2360.

[3] XIBE, EX. A NTE ARG AT LSRR ], ’AT 15,
2022, 40(5): 1-8.

LIU S G, WANG H. Review on cooperative formation control for
manned/unmanned aerial vehicles[J]. Flight Dynamics, 2022, 40(5):
1-8.

[4] TEHL BF, T BEESSAE A NS T APLGERE R F
SEEEFLLI]. A T TR, 2021, 41(10): 5-6, 29.

YU X Q, CHEN C, WANG Y. Research on the cooperative operation
of drones and man-machine swarm under the condition of joint opera-
tion[J]. Ship Electronic Engineering, 2021, 41(10): 5-6, 29.

[5]1 BHME. A NTC AR AR R SR A FIHLEIRT FE[C)/2019 58 -

o E R R iR SR, dbat: P ERIE SRS, 2019:
171-175.
HUANG S H. Research on the architecture and collaborative mecha-
nism of manned/unmanned combat systems [C]//Proceedings of the 7th
China Command and Control Conference. Beijing: Chinese Institute of
Command and Control, 2019: 171-175.

[6] ZHAO H T, WANG H J, WU W Y, et al. Deployment algorithms for
UAV airborne networks toward on-demand coverage[J]. IEEE Journal
on Selected Areas in Communications, 2018, 36(9): 2015-2031.

[77 YUN W J, PARK S, KIM J, et al. Cooperative multiagent deep rein-
forcement learning for reliable surveillance via autonomous mul-
ti-UAV control[J]. IEEE Transactions on Industrial Informatics, 2022,
18(10): 7086-7096.

[8] YANG H L, RUBY R, PHAM Q V, et al. Aiding a disaster spot via
multi-UAV-based IoT networks: energy and mission completion
time-aware trajectory optimization[J]. IEEE Internet of Things Journal,
2022, 9(8): 5853-5867.

[9] LIN L, XU W J, CHEN W, et al. Prioritized delay optimization for

NOMA-based multi-UAV emergency networks[J]. IEEE Transactions

on Vehicular Technology, 2022, 71(10): 11222-11227.

R, EEE, BEFH. AATLAMNKLE B RGBS M RBAR

WFFT[9]. A5 244, 2023, 44(7): 185-196.

YE H J, WANG G F, FENG Z Y. Research on dynamic cooperative

[10

technology of manned and unmanned networked information system[J].

Journal on Communications, 2023, 44(7): 185-196.



* 14 .

=]

o

#

1k

45 %

(11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

(20]

(21]

[22]

GE C L, ZHANG R N, JIANG Y, et al. A 3-D dynamic non-WSS
cluster geometrical-based stochastic model for UAV MIMO chan-
nels[J]. IEEE Transactions on Vehicular Technology, 2022, 71(7):
6884-6899.

MICHAILIDIS E T, NOMIKOS N, TRAKADAS P, et al
Three-dimensional modeling of mmWave doubly massive MIMO aeri-
al fading channels[J]. IEEE Transactions on Vehicular Technology,
2020, 69(2): 1190-1202.

CHANG H T, BIAN J, WANG C X, et al. A 3D non-stationary wide-
band GBSM for low-altitude UAV-to-ground V2V MIMO channels[J].
IEEE Access, 2019, 7: 70719-70732.

XU J P, CHENG X, BAI L. A 3-D space-time-frequency
non-stationary model for low-altitude UAV mmWave and massive
MIMO aerial fading channels[J]. IEEE Transactions on Antennas and
Propagation, 2022, 70(11): 10936-10950.

CUI Z Z, GUAN K, HE D P, et al. Propagation modeling for UAV
air-to-ground ~ channel over the simple mountain ter-
rain[C]//Proceedings of the 2019 IEEE International Conference on
Communications Workshops (ICC Workshops). Piscataway: IEEE
Press, 2019: 1-6.

LIU Y, WANG C X, CHANG H T, et al. A novel non-stationary 6G
UAV channel model for maritime communications[J]. IEEE Journal on
Selected Areas in Communications, 2021, 39(10): 2992-3005.
MATOLAK D W, SUN R Y. Air-ground channel characterization for
unmanned aircraft systems—part I: methods, measurements, and mod-
els for over-water settings[J]. IEEE Transactions on Vehicular Tech-
nology, 2017, 66(1): 26-44.

CHIU C C, TSAI A H, LIN H P, et al. Channel modeling of
air-to-ground signal measurement with two-ray ground-reflection
model for UAV communication systems[C]//Proceedings of the 30th
Wireless and Optical Communications Conference (WOCC). Pisca-
taway: IEEE Press, 2021: 251-256.

LI Y P, WANG W M, GAO H Q, et al. Air-to-ground 3D channel
modeling for UAV based on Gauss-Markov mobile model[J]. AEU -
International Journal of Electronics and Communications, 2020, 114:
152995.

HUA B Y, NI H R, ZHU Q M, et al. Channel modeling for
UAV-to-ground communications with posture variation and fuselage
scattering effect[J]. IEEE Transactions on Communications, 2023,
71(5): 3103-3116.

ZHANG X C, LIU J, GU F L, et al. An extended 3-D ellipsoid model
for characterization of UAV air-to-air channel[C]//Proceedings of the
ICC 2019 - 2019 IEEE International Conference on Communications
(ICC). Piscataway: IEEE Press, 2019: 1-6.

AN H, GUAN K, LI W B, et al. Measurement and ray-tracing for UAV

air-to-air channel modeling[C]//Proceedings of the IEEE 5th Interna-

tional Conference on Electronic Information and Communication

Technology (ICEICT). Piscataway: IEEE Press, 2022: 415-420.

[23] HIRT, XI5, RZME. o NHUHLIE 2K 3% K FEAS BoR 1], 38

[24]

(23]

[26]

[27]

[28

[29]

[30

[31]

[32]

[33]

5544, 2022, 43(10): 196-209.

XIAO Z Y, LIU K, ZHU L P. Millimeter-wave array enabled
UAV-to-UAV communication technology[J]. Journal on Communica-
tions, 2022, 43(10): 196-209.

CHENG X, LI Y R. A 3-D geometry-based stochastic model for
UAV-MIMO wideband nonstationary channels[J]. IEEE Internet of
Things Journal, 2019, 6(2): 1654-1662.

MA Z F, Al B, HE R S, et al. A wideband non-stationary air-to-air
channel model for UAV communications[J]. IEEE Transactions on Ve-
hicular Technology, 2020, 69(2): 1214-1226.

MAO X C, WANG C X, CHANG H T. A 3D non-stationary geome-
try-based stochastic model for 6G UAV air-to-air chan-
nels[C]//Proceedings of the 2021 13th International Conference on
Wireless Communications and Signal Processing (WCSP). Piscataway:
IEEE Press, 2021: 1-5.

L5k, T A B5SG/6G JoLk M 178 ANUE TE A6 78 [D]. Jbat:
JERZIE R, 2022.

MA Z F. Research on UAV channel modeling for B5G/6G wireless
network[D]. Beijing: Beijing Jiaotong University, 2022.
ALEKSIEJUNAS R, CESIUL A, SVIRSKAS K. Spatially consistent
LOS/NLOS model for time-varying MIMO channels[C]//Proceedings
of the 2018 Baltic URSI Symposium (URSI). Piscataway: IEEE Press,
2018: 61-64.

MATOLAK D W, SEN I, XIONG W H. The 5-GHz airport surface
area channel—part I: measurement and modeling results for large air-
ports[J]. IEEE Transactions on Vehicular Technology, 2008, 57(4):
2014-2026.

WG, KB, Lk, & SRBAM TP REEN RS
FE[I]. 155 4bHE, 2022, 38(8): 1719-1727.

XIE S A, ZHANG X Y, KONG L J, et al. Measurement and modeling
of non-stationary channel in tactical mobile ad hoc network[J]. Journal
of Signal Processing, 2022, 38(8): 1719-1727.

LIANG X L, ZHAO X W, LI Y T, et al. A non-stationary geome-
try-based street scattering model for vehicle-to-vehicle wideband
MIMO channels[J]. Wireless Personal Communications, 2016, 90(1):
325-338.

HONG J Y, KIM C S, LIM J S, et al. Non-stationarity of vehicle to
vehicle channels using correlation or covariance in highway scenari-
os[C]//Proceedings of the 2018 International Conference on Infor-
mation and Communication Technology Convergence (ICTC). Pisca-
taway: IEEE Press, 2018: 1546-1548.

AW, FRM, dE. BEG S FIEFREE V2V EEER S
SR, TEL L TRE, 2022, 52(8): 1361-1367.



514 FHESE: TR N LN

=]

REITE S P RBEEOAR: BUR G <15

DENG B G, QIN Q H, MENG F J. Modelling and analysis of nonsta-
tionary multi-cluster V2V channel in tunnel scenario[J]. Radio Engi-
neering, 2022, 52(8): 1361-1367.

[34] JACOVIC M, BSHARA O, DANDEKAR K R. Waveform design of
UAV data links in urban environments for interference mitiga-
tion[C]//Proceedings of the 2018 IEEE 88th Vehicular Technology
Conference (VTC-Fall). Piscataway: IEEE Press, 2018: 1-5.

[35] RAO R M, MAROJEVIC V, REED J H. Rate-maximizing OFDM pilot
patterns for UAV communications in nonstationary A2G chan-
nels[C]//Proceedings of the 2018 IEEE 88th Vehicular Technology
Conference (VTC-Fall). Piscataway: IEEE Press, 2018: 1-5.

[36] TAN X P, SU S J, GUO X J, et al. Application of MIMO-OFDM tech-
nology in UAV communication network[C]//Proceedings of the 2020
2nd World Symposium on Artificial Intelligence (WSAI). Piscataway:
IEEE Press, 2020: 1-4.

[37] LI Y R, LIN H P, WANG J L, et al. Multi-UAVs payload data commu-
nication with asynchronous access[C]//Proceedings of the 2019 16th
IEEE Annual Consumer Communications & Networking Conference
(CCNCQ). Piscataway: IEEE Press, 2019: 1-2.

[38] MATOLAK D W, JAMAL H. Aviation multicarrier communication
system performance in several 5 GHz band air-ground channels - in-
vited paper[C]//Proceedings of the 2018 IEEE 87th Vehicular Tech-
nology Conference (VTC Spring). Piscataway: IEEE Press, 2018: 1-5.

[39] HADANI R, RAKIB S, TSATSANIS M, et al. Orthogonal time fre-
quency space modulation[C]//Proceedings of the 2017 IEEE Wireless
Communications and Networking Conference (WCNC). Piscataway:
IEEE Press, 2017: 1-6.

[40] HAN R, MA J H, BAI L. Trajectory planning for OTFS-based UAV
communications[J]. China Communications, 2023, 20(1): 114-124.

[41] YUAN W J, LI S Y, WEI Z Q, et al. New delay Doppler communica-
tion paradigm in 6G era: a survey of orthogonal time frequency space
(OTFS)[J]. China Communications, 2023, 20(6): 1-25.

[42] ST5H8, M. THITA] JE AT 2% (88 £ S — A 1 e RUBE R 16
FOTEN] LR RIBRETAR, 2023, 49(1): 133-142.

SANG W C, GAO H. High-efficiency waveform selection method for
the integrated sensing and communication system in UAV network[J].
Radio Communications Technology, 2023, 49(1): 133-142.

[43] DING Z G, SCHOBER R, FAN P Z, et al. OTFS-NOMA: an efficient
approach for exploiting heterogenous user mobility profiles[J]. IEEE
Transactions on Communications, 2019, 67(11): 7950-7965.

[44] WU Y C, ZHANG Z Q. Co-existence analysis of OTFS and OFDM
waveforms for multi-mobility scenarios[C]//Proceedings of the 2022
IEEE 95th Vehicular Technology Conference. Piscataway: IEEE Press,
2022: 1-5.

[45] ZHOU W X, ZHANG R Y, CHEN G Y, et al. Integrated sensing and

communication waveform design: a survey[J]. IEEE Open Journal of

the Communications Society, 2022, 3: 1930-1949.

[46] LIU Y, LONG W X, CHEN R, et al. Vortex wavefront FMCW ISAC

model: a blender-based evaluation[C]//Proceedings of the 2023 IEEE
24th International Workshop on Signal Processing Advances in Wire-
less Communications (SPAWC). Piscataway: IEEE Press, 2023:
431-435.

WU Q Q, XU J, ZENG Y, et al. A comprehensive overview on
5G-and-beyond networks with UAVs: from communications to sensing
and intelligence[J]. IEEE Journal on Selected Areas in Communica-
tions, 2021, 39(10): 2912-2945.

LYU Z H, ZHU G X, XU J. Joint maneuver and beamforming design
for UAV-enabled integrated sensing and communication[J]. IEEE
Transactions on Wireless Communications, 2023, 22(4): 2424-2440.
DENG C L, FANG X M, WANG X B. Beamforming design and tra-
jectory optimization for UAV-empowered adaptable integrated sensing
and communication[J]. IEEE Transactions on Wireless Communica-
tions, 2023, 22(11): 8512-8526.

ZEGRAR S E, RAFIQUE S, ARSLAN H. OTFS-FMCW waveform
design for low complexity joint sensing and communica-
tion[C]//Proceedings of the 2022 IEEE 33rd Annual International
Symposium on Personal, Indoor and Mobile Radio Communications
(PIMRC). Piscataway: IEEE Press, 2022: 988-993.

FEI Z S, WANG X Y, WU N, et al. Air-ground integrated sensing and
communications: opportunities and challenges[J]. IEEE Communica-
tions Magazine, 2023, 61(5): 55-61.

JIANG C J, ZHANG C S, HUANG C W, et al. Secure beamforming
design for RIS-assisted integrated sensing and communication sys-

tems[J]. IEEE Wireless Communications Letters, 2023, PP(99): 1.

[53] BhE, sk 55, XKk, A NN FEILE SR BT, faE0E 2 &R

S5, 2017, 8(4): 19-25.

ZHONG Y, ZHANG ] Y, DENG C L. Cooperative engagement prob-
lems about manned/unmanned aerial vehicles[J]. Command Infor-
mation System and Technology, 2017, 8(4): 19-25.

CAO X B, YANG P, ALZENAD M, et al. Airborne communication
networks: a survey[J]. IEEE Journal on Selected Areas in Communica-
tions, 2018, 36(9): 1907-1926.

WANG H J, ZHAO H T, LI J X, et al. Self-adaptive network architec-
ture reconfiguration in CRNs: demo[C]//Proceedings of the 17th ACM
International Symposium on Mobile Ad Hoc Networking and Compu-
ting. New York: ACM Press, 2016: 355-356.

A A AN IE DL IR S SRR BRIC/ 375 Ja v [ 45 FE 4 ]
Rk, dunt: P EEE ST %, 2018: 62-65.

XU Y. Preliminary study on the technology of cooperative operations
between manned and unmanned aerial vehicles[C]//Proceedings of the
6th China Command and Control Conference. Beijing: Chinese Insti-

tute of Command and Control, 2018: 62-65.



* 16

WS

1k

45 %

[57]

(58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

HH, P, AR, SE. T 1A TE AL E LSRR L AN AR R R S A
BRI S LRIR]. T 515 2244, 2022, 44(3): 790-802.
DONG C, TAO T, FENG S M, et al. Overview on medium access
control protocol in flying ad-hoc networks and vehicular ad-hoc net-
works[J]. Journal of Electronics & Information Technology, 2022,
44(3): 790-802.

JIANG A Z, MI Z C, DONG C, et al. CF-MAC: a collision-free MAC
protocol for UAVs Ad-Hoc networks[C]//Proceedings of the 2016
IEEE Wireless Communications and Networking Conference. Pisca-
taway: IEEE Press, 2016: 1-6.

LIJ X, ZHAO H T, WEI J B, et al. Sender-jump receiver-wait: a sim-
ple blind rendezvous algorithm for distributed cognitive radio net-
works[J]. IEEE Transactions on Mobile Computing, 2018, 17(1):
183-196.

XIAO Z Y, XIA P F, XIA X G. Enabling UAV cellular with millime-
ter-wave communication: potentials and approaches[J]. IEEE Commu-
nications Magazine, 2016, 54(5): 66-73.

WS, TR A, MM, S TR A R BN A RO
RG], A5 2R, 2023, 44(4): 27-37.

XUPZ, YUQY,LIN H C, et al. Novel air-to-air data link system
based on millimeter wave communication[J]. Journal on Communica-
tions, 2023, 44(4): 27-37.

XU W J, KE Y N, LEE C H, et al. Data-driven beam management
with angular domain information for mmWave UAV networks[J].
IEEE Transactions on Wireless Communications, 2021, 20(11):
7040-7056.

JIANG J F, WANG S H, HAN G J, et al. Reinforce-
ment-learning-based adaptive neighbor discovery algorithm for direc-
tional transmission-enabled Internet of underwater things[J]. IEEE In-
ternet of Things Journal, 2023, 10(10): 9038-9048.

ZHOU P, FANG X M, WANG X B, et al. Multi-beam transmission and
dual-band cooperation for control/data plane decoupled WLANSs[J].
IEEE Transactions on Vehicular Technology, 2019, 68(10): 9806-9819.
CUI J J, LIU Y W, NALLANATHAN A. Multi-agent reinforcement
learning-based resource allocation for UAV networks[J]. IEEE Trans-
actions on Wireless Communications, 2020, 19(2): 729-743.

WANG H, JIANG B, ZHAO H, et al. Joint resource allocation on slot,
space and power towards concurrent transmissions in UAV ad hoc
networks[J]. IEEE Transactions on Wireless Communications, 2022,
21(10): 8698-8712.

TG, B, RETE, & — i R R R R TC LB E Y A
REXE A AMI]. HEFNE: SRR, 2021, 51(2): 294-304.

YIN H, WEI J B, ZHAO H T, et al. An intelligent adaptative architec-
ture for wireless communication in complex scenarios[J]. Scientia
Sinica (Informationis), 2021, 51(2): 294-304.

DING R J, XU Y D, GAO F F, et al. Trajectory design and access

[69

[70

(711

[72]

(73]

[74]

(73]

[76

[77]

(78]

[79]

[80]

control for air-ground coordinated communications system with mul-
tiagent deep reinforcement learning[J]. IEEE Internet of Things Jour-
nal, 2022, 9(8): 5785-5798.

PENG Q, WANG S, WEI J B. A heterogeneous resource deployment
strategy of SDR based on meta-heuristic algorithm[C]//Proceedings of
the 2022 IEEE 8th International Conference on Computer and Com-
munications (ICCC). Piscataway: IEEE Press, 2022: 516-520.
PAPOUDAKIS G, CHRISTIANOS F, RAHMAN A, et al. Dealing
with non-stationarity in multi-agent deep reinforcement learning[J].
arXiv Preprint, arXiv: 1906.04737, 2019.

ZHOU Y, MA X Y, HU S T, et al. QoE-driven adaptive deployment
strategy of multi-UAV networks based on hybrid deep reinforce-
ment learning[J]. IEEE Internet of Things Journal, 2022, 9(8):
5868-5881.

DAS A, GERVET T, ROMOFF J, et al. TarMAC: targeted multi-agent
communication[C]//International Conference on Machine Learning.
New York: PMLR, 2019: 1538-1546.

ZHANG S Q, ZHANG Q, LIN J. Succinct and robust multi-agent
communication with temporal message control[J]. Advances in Neural
Information Processing Systems, 2020, 33: 17271-17282.

ZHANG X C, ZHAO H T, WEI J B, et al. Cooperative trajectory
design of multiple UAV base stations with heterogeneous graph neural
networks[J]. IEEE Transactions on Wireless Communications, 2023,
22(3): 1495-1509.

SUKHBAATAR S, SZLAM A, FERGUS R. Learning multiagent
communication with backpropagation[J]. arXiv Preprint, arXiv:
1605.07736, 2016.

LIU Y, WANG W X, HU Y J, et al. Multi-agent game abstraction via
graph attention neural network[J]. Proceedings of the AAAI Confer-
ence on Artificial Intelligence, 2020, 34(5): 7211-7218.

MAO H, GONG Z, ZHANG Z, et al. Learning multi-agent communi-
cation under limited-bandwidth restriction for internet packet rout-
ing[J]. arXiv Preprint, arXiv:1903.05561, 2019.

WANG R D, HE X, YU R S, et al. Learning efficient multi-agent
communication: an information bottleneck approach[C]//Proceedings
of the Proceedings of the 37th International Conference on Machine
Learning. New York: ACM Press, 2020: 9908-9918.

LIN T, HUH J, STAUFFER C, et al. Learning to ground multi-agent
communication with autoencoders[J]. Advances in Neural Information
Processing Systems, 2021, 34: 15230-15242.

FRARG, 5K, BRI, S5 A RS SOE R M S TERI).
R (5 BRI, 2022, 52(5): 907-921.

ZHANG Y C, ZHANG P, WEI J B, et al. Semantic communication for
intelligent agents: architecture and examples[J]. Science in China (In-

formation Sciences), 2022, 52(5): 907-921.



1

FHikEE: WEA NN ORI R E S AR RERR . IR 5% <17

[811 s, g, (B4, 5. —Fhiim EANE REaENE Y
B AHEZED]. ER: (FEAE, 2022, 52(11): 2141-2154.
WANG H J, ZHAO H T, REN B Q, et al. An information physics
fusion framework for intelligent communication of unmanned aerial
vehicles[J]. Science in China (Information Sciences), 2022, 52(11):
2141-2154.

[82] HE G J, FENG M J, ZHANG Y, et al. Deep reinforcement learning
based task-oriented communication in multi-agent systems[J]. IEEE
Wireless Communications, 2023, 30(3): 112-119.

[83] ZHANG Y C, ZHAO H T, WEI J B, et al. Context-based semantic
communication via dynamic programming[J]. IEEE Transactions on
Cognitive Communications and Networking, 2022, 8(3):

1453-1467.

HEE B

iw (1959- ), F, WZHRHEA, i,
hEBEEBE L, FFERPIT R
EA T, BRI TS N A S A R4
FREARGHIRSE,

BRSO (1967- ), 5, WHLBUIAN, 19
£, EBRSOREHR . WA, X
BEETCTT 1A AT B AE M 2 T A5 1R
SRCEE, P ELEAE . ARG H M 2 A

BgE (1981- ), B, WREFAN, 1
+, EBiRHE KRR W ESR, E
BT RN TE L N2 . HHL
%, hAEES,

I (1990- O , &, WFEHEP A, #HL,
[ B B3 K 2 E 3%, EEFRFTRAT
INLHR . %t sk,

EEFE (1993- ) , B, ZEUREAN, 1§
+, ERRHERFEGIN, EEHR TN
TANLAR . 5 BB S %,

ERE (1974- ) , F, Bz A, 1
+, FEHEBIERES TR, FEHR
MNP . TEEEME . R Bhil s Mg
REE,



	01-230788-9i

