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Abstract: Integrated localization and communication (ILAC) networks deeply integrate communication and position-
ing functions, enabling efficient communication transmission services while providing reliable positioning services. Owing
to their ability to support both information exchange and positioning perception within a unified wireless network, ILAC
networks have emerged as a key direction for the evolution of future wireless systems. However, in emergency rescue sce-
narios, traditional ILAC networks that rely on terrestrial base stations may become unavailable or severely degraded due to
damage to ground infrastructure. Such infrastructure failures can result in communication coverage interruption, link quality
deterioration, insufficient localization anchors, and reduced positioning accuracy, making it difficult to continuously support
mission-critical services in disaster-affected areas.To address this issue, this paper proposes an unmanned aerial vehicle
(UAV)-swarm-enabled ILAC network, in which multiple UAVs are deployed as flexible aerial platforms to provide tempo-
rary, distributed, and reconfigurable communication and localization services for ground users in disaster-affected regions.
Furthermore, a distributed framework is proposed for the joint optimization method of UAV association, spectrum alloca-
tion, and power control to ensure efficient communication and positioning services, thereby supporting the successful execu-

tion of critical tasks such as emergency rescue. First, a user positioning model based on double-sided two-way ranging is es-
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tablished to describe the ranging relationship between aerial UAV anchors and ground users, as well as the impact of rang-
ing measurements and anchor selection on positioning accuracy. On this basis, the coupling relationship among communica-
tion access, positioning anchor association, spectrum sharing, and transmit power allocation is further characterized. Then, a
joint optimization problem is formulated with the objective of maximizing the minimum user throughput, while considering
positioning accuracy requirements, UAV association constraints, sub-channel allocation constraints, and power constraints.
Since the formulated problem involves both discrete association decisions and continuous resource allocation variables, and
the communication and positioning performances are strongly coupled through shared UAV anchor nodes and wireless re-
sources, the problem is highly non-convex and difficult to solve directly by conventional centralized optimization methods.
To tackle this complexity, the original problem is decomposed into two subproblems: UAV association, power control, and
sub-channel allocation. For the first subproblem, a three-dimensional fast aerial anchor selection method is proposed. By in-
troducing spatial partitioning, the proposed method reduces the search space of candidate aerial anchors and enables rapid
association between user communication access points and positioning anchors, thereby lowering the computational com-
plexity of UAV association while preserving positioning performance. For the second subproblem, a multi-agent proximal
policy optimization-based joint power control and sub-channel allocation algorithm is proposed. By leveraging distributed
multi-agent learning, users can learn coordinated resource allocation policies under local network observations, so as to
jointly determine spectrum and power configurations in dynamic multi-user scenarios.Simulation comparisons with multiple
baseline algorithms demonstrate that the proposed method can effectively improve the minimum user throughput and en-
hance communication fairness among users while satisfying positioning accuracy constraints. Moreover, under the same net-
work scenario settings, the proposed method achieves superior positioning performance, indicating its effectiveness in joint-
ly balancing communication efficiency and positioning reliability. These results show that the proposed UAV swarm-en-

abled ILAC framework provides a feasible and effective solution for supporting efficient communication and reliable posi-

tioning services in emergency rescue scenarios.
Keywords:
ing; emergency communications
Foundation Item(s):

0 3%

18 J& — K 1k (Integrated Sensing And Communica-
tion, ISAC) M 45@ i L5 — M P IR ER S E 5 S
I, BN AR R T G R E R T 2 — . AL
AR g JE 4 T B LH R o, 8 A R L — A4l 19 2% (In-
tegrated Localization And Communication, ILAC) [F#£7E
6G 55 T —RE 15 0 4% S Joe v 47 1 T AR 0, R e
PS¢ AT W N DSBS (€ SN R B 1)
P & R SR A G R S S SR B PR AR
M0, LA A7 66 32 F0 42 B3k S T2 & & 48 (Global Naviga-
tion Satellite System , GNSS) K 3= (1% ¢ 5 37 Jy 15, H
A]HE M 4E 5y 32 B b T 3% it 5 JE 0 BE (Non-Line-Of-
Sight , NLOS ) f& 4 (52 W {51 41 - 52 1L Jik 1 42 53 40 3
P41 i 0 My DX, PR 5T I P T B0 GNSS R T S B R
1k 5 BC7E O 5 B b T ) 2% S 0 X, KR T L
(Base Station, BS) 14 & {57 138 {5 J7 2 % 52 3| )™ & R
il L DT 757 490 7 12 M LA Sy b i ) P B AR A 19 3
RS . JHIETE N 2R R sth &
RCH) 388 15 R 55 O Bt 7 A B A i P ) A1 32 5 45 4
A A A, T AT HE A R L BE g T 2 S BN LA R

ILAC network; UAV swarm; UAV association; resource optimization; distributed reinforcement learn-

Science and Technology Innovation Program of Xiong’ an New Area (No.2025XAGG0055);
National Natural Science Foundation of China (N0.62372076)

H AR5 4F S5 RS MEPAT R B 25, BRI B
FEF2 W AT 55 PRAT 00 B i 1 55 A 2tk

Bl B IR 25 28 T B DR & i, 0 A HILAE B I 24 L) L
PR 8 | 2 () R PR B 36 e ) SRR L TE R
B N A 4 0 A R PR RSP AR A A I
AT R M ATR T I, T AL
B ILAC W25 5 2% N 27 5 F 1Y M 8GR 15 5 S 6
FEE AL SR T — b R R %

H AT, ILAC [ 25 F 5 T LA 43 Ay 3 17 4 By 79 TLAC
W 2% L K Ta N HILAR B A TLAC I 2% . 76 M T Sl Bh /Y
ILAC W28 v 5% 3 22 38 o 0 Ak Uk ROBE | n] 84 3
e 2 1 ( Reconfigurable Intelligent Surface , RIS ) AR A A
il AE E K B {5 B (Channel State Information, CSI) f
T SR B R T R GE AR
ARG AEEVE  SCER[3 14T 1 ILAC W 4530 15 5 &
frvERE B 5 N IR PO AR A T AR . SCER[ 4]
AR T ILAC I 48— M BT HE SR, 43 A7 1 L 7E AR 1)
b a IR ECANE S e b T RS E
ARG BE, SCHR S 1R F B AT BEBLEE A -S43 )5 vk | [a] B
SERUH PRI AR E A 2 B AL, SCEk[6 ]
A DAk U ROBRIE 5 RIS AR A 955 ), 38 30 1% 48 B0



2678 H, ¥

EE 2026 4F

AR R ENIRE R . Ek— b, SCER[ 7 15 e B sL Y
SR BYNLOS ZH P T 5 A58 & CSLEE M, i i
AP SRR, LB 2 P 5 5 (58 S5 0B A [ 2
flitt  FEARE I AN E NS %55 R T T
PG RE o SCHRLS JBEA LAk T P 0 8 3R B L 3 A 2
ROMEC A B 5 X B A SR R B SR TR o ) A
KA PREL . bR T 5 R B, 38 15 1 et 2 )
2R pEPEfE 2 — o SCHR[9 ] B A 4k 4T ILAC
WY CST 5 2038 AT, R A 42 T3 A nT S e N
FEEE . SCRL10 100 28 o fLfk RIS B & S &AL 5
g R it 4T T R AR ERE . k[ 11]
SIAT 25 ML RN I8 7 35 A AL A L7280k Fn
Dy, Ul de KA A5 s R 5 e A . el
SCHik [ 12 186 A Ak s 58 55 A Al 43 e i 3% AR RS
KAy R A R T RS BE N A A

SR TENT 237 5 1, 3% M T 5 Bl 35 e A2 358 5 2%
S S W) b A B ARG TLAC I 28 10 400 Xk LA 3t 2 sk 42
B4 fE S mmF R bk, 6 AL B Y
ILAC ¥ 4% A N 2 R4 3 5 $ 400 T — o (0 1 oy
2 SCHR[13]BFSE T ILAC ™ 2% f 6 A HL 4 35 2 1)
FOL, TE TG A2 b TR P R A S B R SR R B/ METE A
BILER B FI , FR 4R — Fh (I A 2% B 1 B i o R i
I, SCHR[ 14 ]2 1 NLOS 15£4% % 5 7 19 52 i, 42
HT b I T T A B R P A TG A P B A 1
T5 ik, R AL G W 8 O ik ok R i . SCEk[ 15 ]38
TR A 2T AL B DL G e 5 P e
W AF 5 5 O BE R A, T B T H AT AT A e
2. SR, H AT A ML BB TLAC (28 AF g i /b, —
BB ISAC W 45 BfF 7 T s, 5 T8 B o i 5 o M BE , AN
JILAC Bt —E S %, B, SCik[ 16 7% & T 385
T, 8 R G B3k B} 6] 2 (Time Difference Of
Arrival, TDOA) %E 3 5 ¥ SE B AHLEERERY A E N 5
W ) 25, 9 S 7 RS B A B N A ek [17]
STBUR Y W o SN K T R e 1B S o a3 B i
e, SR R BEFE 1 de /N, LA B Ml Tw FH P 52 i E
E5ENMAES . SCRR L8 1Ak T4 A5 e, 40 #r
T OIS TR e R IR DL R 7 M
T MERE o SCHk [ 19 ]2 5 2290 ) 37 5 T P 1Y) vk
Beoh, M 73T 2% 8 B RGERA, 455
TDOA 5 FI| 35 451 556 2 52 B 42 490 e R 32 6, ol ek 22
o3 AR S A A TE N HIL - 2 40 v R B, E 1 1 ik
L5 JRRAURG BE 1) S B0 A RO o SCHR[20 13338 T 9% R
B S 5T 9E R 43 B e A 5 0 Pk R I R ), 4
T — 3 T o A SR A2 2T B 0 3 R A M T 28 o 4
RS BT f/ METEAMLRERE , BEA L T AHL G
X5 A

gh ERTIR IER A S B R T AP B Y
ILAC [ 2% 7] LAAE Ay H 22 4h 78 100, $t A28 v 280 100 3
5k k55 . HET, Jo AL B Y TLAC [ 2%
MM IE A, B T I AHLHS B Al 3k
LT B AR A R Ty A 0 A — s
JE T T ARG AE e ERE . SR IAFAE L)
)RR A A e o 2 PR W S AORE T  TT  al S
B AV ISl A 2Rk o b TG S5 i 182t 48R 55 11
07 2 SR T 5, DT A LR B O AT 55 1) Tl S BhAT o
Hk R i gl A TR ANUER DR ALEF S
S AV R 451501200 (H LR 43 R FH A% G 0 B D ik
SRRl o 2 B A g IR A LA AT SR
FH T 0 28 45 B A AR B2 A IR 2 PR 0 o STk (20 J 42 i
T —MET 28 Gk Q-learning 1Y J7 L L AL K BE 5 Ty
FRIPHC, AHTLAC 19 2% h i {5 5 8 A BT BER 5,
RT3 75 PR BE IR X 22 e B A RR A 5 ), 71T £
5 E N A LA KA oy AL R PesE 1T RGP 4 L
BERT B — B AR FE AT U0 AL, XE DA I B i 2 3 A P B
5B AT R, DT BR i 2R e B AR RE Y 2 — 2D 42 Tt
JfH., FIR ST R FH TDOA 25 77 311019200 i 78 52 B
Yy 55 vpo i O 15 4 M LA S B A R s [ () 25, T e
PUAE L VERE T R )

BEXTUA B[], A SCHE Y T —F A R 2 5 T
Jo ANHUSE R4 B i ILAC 9 28 366 P ORI 5 B R A
A J7 5, 38 2k B B 1E] P B (Double-Sided Two-Way
Ranging , DS-TWR) & i J5 12 B K 5 58 % ™ A% 5 4t [+]
A RS, T 51 A3 A R, SR 288 BR AR IR 12 i
= (Multi—Agent Deep Reinforcement Learning,
MADRL) 52 3L JC A HL S HK 5 2 3 4t 3% B¢ IR 7 e At
Ak, Ay b T 35 Al 52 it 32 4 A B GNSS 32 BR 45 17 T 114 38
15 5 AL R 55 PR SCHE AT OR B H AR - 5 $8 4%k
F AN 2 RARAT 55 AT . BARTTERA AN 3 45
(DA SCHy T — B JE T I8 AMLER BF Y ILAC 9 25 48
Fy, Sy ik = L vk 5 GNSS SCHE I I 23 B4 it v &kod
FH e BN RS . TEHCEEAR I, AR SO 7 T3
IR0 R ) P AR 5 DL s K AR/ N P A
ki Sy HAR TR R ] e R SR AR SR T
A ST T [0 3 A 5 A P [ O Ak 1 T8 AN PILOG B | B 32 4
il 5 45 % B R 43 BO IR G AL AR EY . (2) AR SORF B ER
A LA )R 43 Ry Te AL DGR 5 5y 224545 43 T 76 1>
T, XTI APLICIR [R) @, 58507 i APLEY =
Yk 23 (8] 3 AT HRAE A SO MY 1 — i = 4 A ] Y TR
T 25 Hhgl 05 B8 4% 7 35 (Three-Dimensional Fast Aerial
Anchor Selection, 3D-FAS) , DL 323 723 4l S ) S
ROVCE , BT S MR T S T OCHR AR . BT IR
WL 43 TG 0] L, AR SR 40 A SUHE SR Sl ok 5] A 25



o6

Py wL S < T T AR JE AHLEERER TLAC 46 FR A FH P SCB S5 9 IR Ak i 2679

BE A 3T v 3R M 8 4k (Multi-Agent Proximal Policy Opti-
mization, MAPPO ) 2.6, SEEL T H P B 5 5 E AL
R LA RS GRS DO, DA DR 3 AR PR R 1 A
- DA K E A PERE A AT FE I L (3) AR SO BT 4R A S
AL BT T XL BE T TR AA A S S
FENIPERE LA M . S5 IR R, A SO PR L e 8
PERaS: R =S a Rt DRl 51 B iR /NS & M il S P N |
JRE R B o

1 REGEE

1.1 MEKES

ARSCHE T —Fh N 2R 5 S JC AWLEE BERH
BB ILAC P2 , & 1 s o Z M — P& M
A TEAMLA TE AN HLEERE S N A T P 416, 499
il%iﬁ j:] u:{Ul’ Uz’ Yy UM}’ C:{Cl’ Cz’ M) CN}O /H\:
LR AN U, cU ) =4 ir £ RN q,=
(xt, yh.zo) e LV HuT FH Y C, B9 4k e AR R M p, =
(xe,p¢) e L, B [l h Bt &l 43 b 2 A4 25 K A e L 4
MK E N, id Nt e T, RS iell, 2, -, T}
AT 5 28 L5 5 2R kS A B R AT A% e, e, Gl
{5 4 B g K 4 h KA FAEIE , TR 8 9% K/ R B,
FTRMK=tkli=1,2, -, K} EHfFEEREP HPE
TAMLZEER IR IERE X, =T AWEZ 5 —
MFEE, AT EEATgEEZ TS ENfE
5 ST A S B PN R FH A R R 43 TF 52 5 B A E
R, LAE S 8 S0 {5 5 T4, HAR R L 2.3 795
AR S AE T8 18 P4 T/ B AL Ak

TEARC &R G serh , Z R T @Y HE 5L
LUK AR PR A 52 2% R4 A GHE Y, GNSS TL ik A Hb Tl FH
PR RS BE 00 7 MR 55 o TRV, T 35 sty PR 5 52
T AR A, To vk % B 1 36 0 38 15 5 8 Bl e 06 7 i
Te NHLEEHE I 48 REAE AR —Fh A 3 B %8, R ik
1 P R RS AT R 03 15 IR 45 5 kG B 9 6 32
o HTAEWRER R A B BB Hm A P e SE )
TN K% ENAF S SHFEFES, TAVIZRES,
FE AR RE— BB [B) i 0] P &k e AL B, P
WO RS A AL F B . FEAR SO, FRATH SO
HEH P 5 Te AVLIE AT 5 e A A8 b i S5 B2 o
e ] 51
1.2 @EES

AN ) T A B RN TR 2 s o AR SR AR
AT B LR TC AL H T P 22 (8] A R AT
B, U, 5 C, Z 15 iE kW B {7 & (Line-Of-Sight,
LOS) M A2

K1 RgupE

Figure 1 =~ System model

K2l fER

Figure 2 Communication model

PLOS _ 1 ( )

(1 +a- exp(—b sinl( dmif))) —a)

Horh o M b 2SI BA R B d,, (0= | - a. ],
KU, 5 C,Z R MR, H o JE AL . LOS {5
18 5 NLOS 15 8 By BE 808 J2 . PN =1 - P1O5,

R, U, 5 C, 8] #9 LOS F1 NLOS FY %42 3 #E 43
MR A

PL®(O)=L,,(2) +1" (2)
PLMOS (t)=L13(t) +n""08 (3)

nm

o L5 (¢) S A s () i e Y, LA i
LF(¢) =20lgd,,, ()+20lg f+201g(47n) (4)

oo o0 A5 545 B 0 AR S T N0 4 i
LOS I NLOS fJFE#&iahi g . Wik, U, 5 C, Z Bl
SEHHEE N

PL,,(t) = P05 . PLLOS 4 pNLOS. p NLOS (5)
WL 82 U, 5 C, Z B 05 B 1 550

"(t) = 6

ST ©

AR SCR B AR B 20 1845 D AR AT 3R,
VORI A5 D3R 0 T 1, 3 5 D R A5 R sl o=
{Pi. P5, - Piyoje{l2 oo Ty =T HIZ3b A2 i



2680 FH, I % 7 2026 4F
Pl (ORI ¢ C, 275 R D A5 9 AE AT A e E AN
AR pL () = 1,80, pl (1) =0, H 2L - B s

EP/C(t) = {O’ 1} (7) —p EffES

jeJ
o pl(0) ePi(e)={pl(0).p2(0). . pl(n)), H
Pe(t) cPe(t). %?L A e X B C,FERT B ¢ A 1
WHRERN

mm=2mpyﬁ (8)

ﬂ()d4m%rUE€ﬁcﬁﬁ 15 Mk
e () =15 A, ue () =0, Fof e

jg,qm(t)e {0, 1} (9)

M= (s (0.8, (1), sy ERFIRE
Z HAT — A0 AL Ry — 4 i i P 48 L5 15 R 55
U, eU XM N C, #8555 19 T AL . é\
mme@aﬁu/fﬁ%n% b AR I KOkt
WAE AR W0 (=170, 0F ()=0, L2

S0(1) e {0, 1) (10)

L U, 655 kAT (3001 3 £ 13 W 1
(Signal-to-Interference-plus-Noise Ratio, SINR) 7] L &
|

£
% A

r gn(t) -, (1) -pi(t)
VJI,; IUHO ()

Horp,o*=N,BRRWEHE 3, 1) R C, 7R85 kA
SR EEEE & Ewﬂﬁcijzzj:/ A

ro= S S g0 (2)

I=11#ny, e Uf

B 7E ] — 15 18 b HoAth 52 1 B 06 7 A A
Wt PeshR. Zia, 58 HmC, 3 U, 198 SINR XAr
RIS

Qm:zﬁMWMW%MPW)

(13)
= I,_f‘“(t)+0'2

R,=Blog,(1+r,(1)) (14)

1.3 EffEs
A SR DR-TWR 5 25 56 %8 FH P #0478 A6, n
3 Fr7R o DR-TWR & — B 35 T X 1] I BE 1) 28 7
5, B A% BT 22 40 6 T A6 st A ) A (0 e st 2, o P T
A SCTE N AL A =X P ] 2 360 15 5 0 7 i 55 7 5
DR-TWR B & L i B2 40N« 7E — By, H P 51
B TE AN ALIEAT R B 52 B, P & 2k E i R
5, JO N HLAE T 7 2 1) i P AR [y el S

—> EMNEES

Hy

B3 iR

Figure 3 Positioning model

6 s [R]85 5 o FH P AR i A s el 2 L G
NHILJSZ A5 i T R RN 0 07 25 () B Ay 1 He 5 4% SR Bk G
AMLZ BB O, IF ik — 28 25 G 224l %) PR ) o
A b= VAN i S =R VA [l (1] B e W= VA W 5 |
AT B, i i 3SR 4 2 ik R X A3 AN TR G
Pifs5 o TR BE, Pl iy 2 0 R K A R
W) () e A ML A& 2 1 AL B RS o RS C, R
EMTEAIHR U, e UP U, M|UP| =, >3 5 H

534 I AMLSCBR AT 5 A7, F SCk[ 24 ] AT
wW,C, 5 U, 2 hIERR N
dnm:d,:‘m+n,,m:‘ pn—qm|’+nnm (15)

Hrp,d, hC,5U, Z B ELEEE , n,, R D EE 0
J5 2% BT DR-TWR 95 5 K& FH P 5 6 A HLA )
HAF LR DRI G Oh 0 5 25 el AT R AT R B
{9 £ 35 B} 8] (Time Of Arrival , TOA ) i £ 5 22 3 W] P
SE . HSCHR[ 24 AT

n ./\/'Ofa

nm 4 n—>m

4342 (16)

4 m-—n

Lrf,or R U, 2IEKE A C, 15/ TOA I & J5
2,0, F%m C, W HIR A U, B2/ TOA U & J5
2%, HAikH, U, B0E0E B C, 1 PRIy 22 R
2 2\ _ c’
%ﬁmhn)—B%Pm (17)
room N U B E AR 5 42 IE MR L (Signal-to-
Noise Ratio, SNR) ; 7, ,, A B . b T Oy L W, 4
@u%ﬁdﬂﬁgﬁﬂom%<:m%EWﬁﬁ@
2ERIRN 6,,=(6,,00 G, 0 6,0 1o MNIHE, C, HOAE

nm nmj

57 34 77 #1222 (Root Mean Square Error, RMSE) &

¢,=RMSE=> \/H,-Q,-(H,)" (18)

M

Hrp,

Ih:[@ﬂfGJ(GJT (19)



% o6 M WA SE < 18 I IS TE LSRR Y TLAC 9 25 rh A TP SIS SR A6 T 74 2681
G0 .. 0 PUBRIERE BRSSPl TSR E S0 4 £ B 4 R
o 2 o LR 26 RS, I U, Bk A C, 1
H, o= " (200 fif5 e SNRH
. Mog™(t) AP (t)-pi(t
R rwy:Elgn() ,,;;)p() .

H, R85 C, R E ALl LA A AR 5C A9 R
o Q, WX, 3R C, 5 4 RIKGE (7 5l 5 2 0] O
I R 2 A e R, RS0 A 0 X R — 4%
F-JC A HLINEE AR B Oh BRI i 22 0 G S

TR0 e B LAl s JUART IS PR AR DG B ARG, FL A — 47 #h X
O i A X TP P B D 1 i AR R EL A
lzmﬂ’ lﬁmﬂ’
G=" " (21)
:m;”\ lﬁm;"
/\q:l’
_ (=)
l;:m’_ dnm" |
’ (22)
nm? __ (yg_yiy)
ly = d

Horp g m g oy AR €, 5 U, FE o Ry il B9 T5
] 18 & . 7E 95% MBS E R, C, mmm*r“ﬁ

5,~1.614¢, (23)

e T e L S IS D RN ER R A P QT B

B JLART I R 5 2 0 e 715 5 B Oh B ) iy 22 3 [)

PLIE .
5l 5 R0, A Bl i E L B RN ES
FKRH PP={P?, P}, ..., PP}, je {l,2 Jy=J. H

A AR (t)%%/THTFﬁ'tEIT C, %%‘xﬁﬁlﬂij

FTEL. R p, (1) =1, W, pl (1) =0, Hi 2 .
> pi (1) ={o, 1} (24)
jed

pp(1) € P0) = {ph(0). pi(0), - ()}, HL

() PP (). T kg 6 e BB cna’mfﬁrﬂ%z
RN

(1) :ip;”(t) Py (25)

KRR (¢) e AR ()R Fm U, 0 C, AL AL
MR 55 A W AP, (¢) =15 850,20, (1) =0, o 2 -

S (1) =10 (26)
R BEIA LR N, T AL — A M

TENL AT BB, o AR AT IE SS W o0 Z2 41k 5 )

Z HEBOR DL 5 o) T3, W C s U, 12
W55 K SNR Ry
u g (1) -2 (1) p,
rmf’%n: mz:l 0_2 (28>

Horp p A TEANLEN N BG5S R EYIR, TR
B FH P iy B 2 WSO L 0 A 08 S A5 5 L I TG A
P Pposs Fnsn = Tpos (29)
= (16) (17) (27) A1 (28) AT 15, FH P 19 5 o A
J&E 55 4 05 0 B LA BOE LR S IR RN . P
5 T6 NHLZ 18] ) 8 BE SR M BT AN R < 2 i 2 A A BB
)RR i ) 50, vl A SRR AE BN I BR S P 5 8
AHLEIA B 515 B 1 25 R AN AR . RIS, Ry BRI
SR RS I B e SR A ilJEi’J’ﬁ?/J?%EEﬁ%
i 8 AR ZR G B B B T 4 B AR i >4 7 D) 45 4R
AP B 5B r 58, BUAESE b — B B Y 22 AL B
u*r“élﬁﬁj‘r%‘ﬁééi@'ﬂ% PEo X RSN B AL
TG AMUEERE S H5 19 TLAC e KA e /N ik B i AR 2R 2
7%&%%7%%0 3 o A S B R i AR AT A
T8 IV A X 2% 2 R I $ 5 B 22 A e R SR AR PR RE
1.4 [BEER
AT 8 TG N MLEE B 4l B TLAC 9 2% g Ak [
BRA AL TC ANLICER R A5 5 M YR DL GRS 15
T B, FRARGE {5 {5 5 ] T4, 76 CR B e 00K B Y |
PR U R/ N P A e [ AR R

P: max min R,
M@, 45(1), Py(1), P(1). O, (1)

{1,2,...7 }

Cl: <5

C2:ﬁ,uf,m ®) € {0, 1}

M
C3: > AP, (1) =xa

m=1

St 4, zek e {0, 1}
C5: pi(t) +pi(1) <p*
cé:r,,,= Poosr Tmn 2 ¥ pos
C7:x,=3
C8: u;, (1), 20,(1), 05(2), pl.(¢), p), (1) € {0, 1}
(30)



2682 H, +

EE 2026 4F

Hodr, Mg (e) F AR () s P 5 T8 A HLAY SC B P 3R
o) PR () 22w F P 3B 5 AL 0 R S T 2R A )
WP, 0, ) FmBEFREERE. EMRMAeERTD, A
SRR /AN P AR M T R G A A RS
g uk KR bR S NS TE TR Ay s s A
e, AR T Z M P g 5 T AR 1w aohE 5 A
AT BE AR B T A P A AR B AR 5ok o PR R
W C1 7R P #E 95% B4R FE T 118 2 (50 A J32 75 1 et 191
BB ; C2 Fon B H P e 2 HBB sk B — A TC AL
Tl s C3 R A B R BB, A TC AL
FTRENT s CAFR BN P e 2 HBE i — A P
B AF 5 CS 2R FH P A B i B Al A 5 R R 2
F/NF B3R 5 C6 Fom J6 AML B FE U E 17 SINR K F
— A (B DA R A 322 A0 T W A 41 5 €7 s kS LA
SBEREH R TET 3;08 Fm ks 4k,

o R TP NG e B (= N =R PR VA o1 B
FE AT o o B AR B AT RN, 38 A5 D) R4 L L
5 Ty 43 e L Kl 5 717 38 3k 5 4 5] 52w FH P
BT EETRS TEHE %R 2250
{5 BE T I, R 57 1 Al U 5 2y 8 ol e B
FEDT R ILE P e o PRI, AR SCTE T A2 2 RS 2 3
BRI T 6 B AR Bt AT A it o
2 EHiEHER

AT AR 2 R DL R i AR (), A0, (1),
pL(2).p) (1), 0% (¢), [l P g — AR G B Bl R
Ak ) B, 3E DA A Ge W B0 i sk i . A T3k
R0 T R U AL A, K 3 TR 4 ik 8 R A F [ 252 G
ALK 56 ) B0 1) B0 1) L R oh s 4 5 105 18 4%
B (7] R (F- P R 2) o B S BRI A, AR S
PEH T 3D-FAS J7 ik 1% 07 ¥k 780 % B TC A ML AN [+
e B R A R B SRR L AR/ RS MR PR 1
ATC ML 22 67 Te NS LA, LA BE FH 958 o7
I {5 W 45 I 6, K HL i R 1 TE A LG 4B
JE BRI A R B XA A P, AR
351 A MAPPO 5535 8 R F P A — B RE AR, O
T 5 PR A B SR AR TR S D RS A T
EABL sl AL . 3F ib, 48 H 3 F MAPPO [ B
4 4k (MAPPO-based Joint Optimization , MAPPO-JO)
J7% K 3D-FAS i H 19 JE AHLICHE 77 € 5 MAPPO %%
U553 B SR W AR 25 6, FE T 2 8 RS B 20 AR R RT3 1 o
oAb I /N P i DA R T 3 AR A v 5 R A R
S5 AR
2.1 EF=#ZTEMT P REEEFZ(3D-

FAS)
ARATHE T 3D-FAS Bk, O i P ik B A S

B3 A5 T AP S @ AL T AHL . 7E TC N HLAR B Sl B
B ILAC M 46 tf , 3i {5 5 & 7 Jo A HL A A 35 52 )
KRGS S TERE . B, A SCH & T AL
=S ) A3 A R L IS 2 R 43 TIC 4R 2 R )
Uit o

3D-FAS 559 A0 475 18 15 $ A s e 58 5 0 i A 18
PEMIR B TEMMF A RUERERT B, Z IR P 50
AL 18] f4 475 308 38 2 %o 388 15 1 B AT 1 S50, [ i)
g W AT RS R 2R 5T A B, A SR T i 0 PR O K A
D] R 55 P LR BB B f il 1 e AL IE S FLE (5 A
AU, DURTHIR A Z% i H B B0 iR PR B Rl {5 48 A
5o eSS FOEFERT B, i T A SC G H T
FH PR 48 5 57 VERE L R T K R B 5 0 Y 1
( Horizontal Dilution Of Precision, HDOP ) 3#EA Jo A ML 4%
JE IR, /N B9 HDOP {1 735 R 25 3% 5% A 4 2
5] A B TR R AR . WL S,
HDOP == 22 21 ) JUAa] J3 A X 2 57 1% 25 10 52 ), 177 6% i
JoT 8 22 S 0 | S 22 07 vk v i D) R AR AL — AP RS

HDOP % /R A
HDOP= /o] +0; (31)

Hodv, o2 5 o2 43 9 BB (HTH) ™ O 1954 % £ 2%
JCEK . TEBERRE LT AN s, FRATT A H AR T
AL E A O £ B/ HDOP [ i sS4 & O,
TR

O*=min(HDOP(0)) (32)
Horp ik 54 O M R/NS TE A HLEORNE (7 85 55 8K
e, BN O] =Cho 1HASTE R MR, 5 36 5 A (1 BLA
bifi 25 JC AN BLEC 1 3G 0, i P 2 5 AL 6 32
BT 15 RE 7 R RE S AR 20 | 4 I A RS I 45
ME LR 32 95 246 2R 1 = B A 2 B S RERE T4 .
SR AR SCHR T s v L SR PR R T
FRYE TC AN L B A3 AT FRAE K FH K-means 22854 TE A
BLIEAT 432 AR IS 2R s 1), s H P Gn 8] 4 R

® O O =EEAn

by U
« [

B4 LT 3D-FAS 1755 ] 4 437 = ]
Figure 4  Spatial partitioning of 3D-FAS
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Figure 5 MAPPO schematic diagram
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T 1s
P 03~12 W K01 W
Pu 0.5
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”LOS’ ”NLOS 1’ 20\29\
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H 8 EPOCH 600
YRR KN By 256
TR e 0.2
PranE Ty 0.99
E) R 5%x107
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GAE V1] 251 2 0.95
K-means ZEACIREL 100
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Figure 6 Convergence performance of the three algorithms
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Figure 7 Communication performance of MAPPO-JO and baselines versus transmit power under different sub-channel settings
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Figure 8 Communication performance of MAPPO-JO and baselines versus sub-channel settings under different transmit power
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