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Abstract: In cell-free massive multiple-input multiple-output (CF-mMIMO) system, unmanned aerial vehicles (UAV),
serving as mobile access point (AP), are increasingly playing a significant role in both communication and task execution.
To enhance the endurance of UAV during complex mission executions, the energy transmission and trajectory design for
UAV within a cell-free mMIMO system were explored, utilizing wireless power transmission (WPT) as the foundation.
With a focus on maintaining communication fairness for users experiencing outages, energy consumption constraints as
UAV receive power replenishments from access points throughout their missions were considered. Simultaneously, a joint
optimization encompassing the UAV’s flight trajectory, charging/discharging time slots, and beamforming configurations
were conducted. To address this complex problem, an angle search-based communication-assisted deep Q-network
(DQN) algorithm was proposed, facilitating a targeted spatial exploration. Simulation results demonstrate that, while bal-

ancing endurance and communication requirements, this algorithm significantly elevates the utilization rate of UAV and
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enhances communication fairness for interrupted user equipment (UE), ultimately achieving dynamic regional coverage.

Key words: cell-free massive MIMO system, dynamic coverage, unmanned aerial vehicle, trajectory design, wireless

power transmission

0 315

B TG HOR P R R, AR = Hs
A&, R A2 A G R SR, X4
TCEGEAE RGEH R T T ARA KPR . A T RIS
H s B 1) 7oK, A5G0 1) 14 &3 3l A5 BOR A Wi i
Horpig s KM L N\ Z % (mMIMO, massive
multiple-input multiple-output) & 4t {F 4 = £ (1] fif
RIT EHE 2 BB AR, SR, R mMIMO
BORFERE 10 b RERE - (A ey 1 B30 A% sk 8 M 5 4
075 i Y0 B, (R S Bn 2 FH 01T I 22 PPk AR
SCER[41H R, TR G0 5 440 R 1) mMIMO %
GRSEEA R, DMXIBZMH P EETTERE S
ANX HC F PR TR RS BT, AT B & A
MR %5 R EAY) . A, mMIMO R4 7E5 % 5 Al
TP BT HAMAAAE — B R PRYE, Rl 2 4RI
X 2 [A] e DA 5E 4 3

T RLR; bR e, A R % i 5 mMIMO
(CF-mMIMO, cell-free mMIMO)  RZEHIME S H
CF-mMIMO % &t FE At 5 R B AL B 5 A Jb L],
SCHFTC 2 2% S 30 B v ) B T R S B2 )
. 5&aiEE giAE, CF-mMIMO 5447 il
TEETEE AN X RS, A A R 5% X
PN B K AT SUR R B TR IL [ D i P 3 it
ToEEr)iE(E K55S . CF-mMIMO R 4t AMY ] LK
FETHH P HIEAS AL, I8 RE NS 0 35 1 i I 45 (1) A
FIFH 2 fe B RRS . IXPh 2208 5 AR 23 A TUHE
AR TCHEE M SR it 7 — DA, e
g AE T H a8 AE F R AR, 22t Siig
3 R T R FR) L 1) R

A, AN (UAV, unmanned aerial vehicle)
IHAB) RIE BAG B PRSI, ETc4E
(BRI 51 1T 2 %0E, CREBONCEEE
W 2% vh — > B L H R A . TG H R AE R EUEAE
TR XA 5 S s, UAV I T BRI H
17, UAV 5] N R AL G ) T {5 P 28 34k 1
— I S (R, A L RE NS SN R S AN B AR
BEAT A5 55 A BER 2 L. UAV 5 CF-mMIMO [

SEANARKRINIELIBE Rk T HrliE. &
UAV fE 285 H 1 3 A 7t a2 kg, (|
UAV 5 K MIMO £ AR B 45 &1 7 AT Ak T 5310
BO. WA R K Z 4L T UAV L. 13
TEHAR DL S UAV 5 Hb [ 56 38 138 45 M Re 40 B 5 1
SR, KT UAV 57 KR 26 [ 51 14T mMIMO
TAE IR FCAR D0, eAh, UAV 7R RATIERE AT
Rex P AE BB AR AR, X R HASE MIMO )3
WY (beamforming) A BEFHE HY 1 B & (1) Bk,
UAV (1) fie 5 A BV 5] R o HL S o i) O B R ol R 3=
KIBEMIMO R4 72K &= G SBT3,
XXFUAV e SV AESE H T S s 1)Kk, T H AT
RZEUAV EEZAR Mt , ZEHiEE 1A R,
BRI, G m] 6 PR 4 v R A M e 110 T3] R PR A1 R 2 90
¥6, BUNUAV 5 mMIMO 454 B H 1 — /M,

U FEL I B 4 R i FR I 2 R A SR T LA
VE i B S {HL v A 5 98 A 1R AN i FH 4 el G
HMECABCA K AR T 5. L, THAERR T2/
Aes ST, WA R PHAE . R AEE RS RE TR A
UAV fEH . SRTfT, 3% L8 7 v 1 55 B . FH 52 21 0T 9l
N P B 1) R R S AN AR E S, SR PR
Jo2k e J1fE % (WPT, wireless power transfer) 7K
I, I T4 7 O FE UAV 72 N I 2 P
A, WUE TSR B, i A
[T B A R AT A8 FACE R E R 48, UAV 1]
AFERAT mMIMO (555 1 Rl RRaeiine &
DLARREH IER BT, [FIR, MIMO A N WPT
SECHT R TR, BRI 2 AR, SCIE
—fF1E L2 MNORGE S ITAEE, BEERT T
BRI 2%, Rl 7E WPT MR I8 B R £ ) Ha Jak
A R R R, MIMO MY SLIL T oLk fe Ak
iy, SRR T AT TIRESRA. MR TS
WPT £ A AR M 2k H 8 B 1 3F AT RE &A% 3
MIMO-WPT @it £ R M E, Mg T M H
A RE AR S E T . SbAN,  JE RS g0 B Rk A
R, AT DAHE— AR Ak UAV 5 3T i 7 %% (UE,
user equipment) [F]FIESHERE L&, MRS RSt
(IR AN GG Hl . CF-mMIMO R4 id 7E



°28 . o W

¥k

H8%

KRIGFE N E A 20 N\ A (AP, access point), Jt
G P 3R 5, FTHE T AR S /N X3
ZARGRENE T NEERN S, RHEEH
FUEERIIXA, RS RIEHR TN L% PERE. CF-mMIMO
RG] LA SR AL G0 5 I 265 1R /N X 2 FH
RIS B e) A, B DR OG- R 2 B —
F RS . Bk, CF-mMIMO R4i4E 5G KA
KM TELIBEME R EREE, THENTRER
A AU & R H 5. £E CF-mMIMO & 4t
i, AN NN S, BEARYE 75 SR 3h A 1
BAE, NAPRERENES, FEHTME
WS EOE R XA B S . Ak, 4546 WPTH
AR, TEANIERATATSS 3 75 ] DL b ] 5 36 3R
Ifea, BT HEA A, 85 T A F i e
iR, XALFIC AN AR TE R RE (S 55 RE
ST, WEERI T RGN RIEERMREEE. I,
WA EE4E WPT ) CF-mMIMO £ 4t (1) 251 UAV 5L
IRAFEAR, MUEAHRZEMEEE N, BHEHE
DI SERR B FH A AR

HT, KELANPIBA IO R AT =
W2 PERE RN SE YO B T T, K2 R RS 2] 8l )
B, DA KRR BE A oK I 2% (1 73 25 T AR JE 4
UE k&, SCER[16]32 T —Fh & TR i b
STHIEAN UAV PO v 5%, %M R B R
KPR $E = UE B FATEEBE RN . N T i KR
FE bR E T BR 3  (BS, base station) F1UAV B [E]
oy 2 1 X 288 i 2, STHR[17)FF R 1 — R4k
UAV 7 B 38 1R B SR %, fEieEat B, 3
— BB UE R AFM RS & (QoS, quality of
service) K, DASZELRE NN R 3 H s 2 ) 4% 55 )i
SrBC SR . STER181AF ST 7 UAV T4 UE 4 fit 5%
SUBME MY R, Ed A AL UAV AT LI
5 UE mifEmTh %, & K45 UE M3 4 7t
ATEERS I HR R E R, A TR R R, 4
B — R TRE QML (DQN, deep Q-network)
k. MR b, SCRER[1918 TG ZE AV
TERS BB ST A T, B H DR Q W 4% 532
BEATSRAR, Hdt— B4t T — P T 8N i Bh
UE Dh R 465, ERIEEERERFEE, &K
1 I 2 BB RORN BEIRFI % . SCRR[20]3 HH T — A3
T Ak 2= 2 1) e o A WLEE GG 3D B AL
BERTE T Mg ERRER . SCHER[2118F 7 T F

FHVR P 2 2] B0 AT HE %A N AT R Bh &S 7 Bl e
A BRI A HERG . SCER[22]42 T — Ml )
31Tk, AR 25 H R 48 v ) A8 Sl D Bk R, 1%
TNESE A M Q % 21 BIE S Ak 1) I ZE BUR R idAZ
HUH, (5 55 RE S 3 T A3t R 41030 7 sl A E 3 R vk
WHEE, HELBRAEERRESELIINGHEAR, B
FRTF T RIERCR S NG . A T KPR B R
R L AR i, SCHR[23) R0 SCRR[24] 5580 1
BT A o) R B AR AL . SCHR[25TRF AT T —
Fha] 78 L TE AAUA B TC R AL IR X 4%, ALNIXT %2
A Hih THT 25 i A i R 2 T SRR R B i o 78 SR
UAV )2 K% To 23815 PR HTF 7 AR, SCHR[26]8F 7T
T UAV FETE 2 FIE Y WPT/GZR (5 EAL S (WIT,
wireless information transmission) 5 UE 2 [8] fJi#{3
%, Uk BATRE e R . 5T
2 WPT A1 WIT I F2 B A3 5e AN, SCHR[27]0F
T PR RIS, Bl UAV ST (S BIlE
R BRI AT o4 Rt AL i, EiZ & H, UAV
FERATMBAFIRE T LR &, (HAERIFI
WEFRE . Hk, 2R AT DL UAV 1)
A B SO Z A R AL B bR, a0 i &
A BN T AR MRS B R R Mb . BRIIE, 45
HHEEZ MR R M IR UAV TE R A5 T 5
Rhe BB AR A 7R R,

RECH LR F, HHBX TEA WPT 1
CF-mMIMO % 4t H1 UAV $U5 ¥ v [ 5247 A8 X 552
b HORBR PR AE T ] 7E 3 2 I8 AE TR SR RIS,
S UAV G e 5 e AAG . Rk, A SCHe
T A WPT [ UAV 4 B CF-mMIMO %
g, WX UAV ISR BE RIS R 2B . 38 R R Al
BB RS LA, SEIL UAV 1R RE AL i 5 18
AT, A HE = UAV SRR RE /1. AR
RIS I T

1) @SS WPT I UAV 4 B () CF-mMIMO %
Gi. ZARGHEZA AP Al— e B4 UAV 415,
HrPUAV L& TR g8 Flae Bl as, BT h
AP N ) Ao R AL AE IR 55 o [RIB) Hb T 25 22 11 AP
A2 ©AT UAV Sk pe &, PR e R PG E R
H b UAV A H

2) e T A EE AT T R, AAER IR
Iyl BORSIEMPURRAEE . 2T RBERTE R
SuN BT UE M8 AP, FRZEK UAV I07E =S



H3 M FEAE: BT WPT K204 55 mMIMO 258 o ANLUE 5 78 e & A6 5 72 ©29 -

I a],  DABG5E R G R A AR e

3) NEUAFELEAE I B] 52 2% P AN A e 2 [ (R~ 1l
BT T — P BT AR 24 2 108 15 5 B DOQN &%,
¥ UAV [ AT MBS HON ] B2 . BLUAV
FNAREE, WER TR SRS ZhfE. 2%
iR H . HeAh, HFAZERE T UAV FE REFE A R 43
e 7 T 203K, RS SN T A R A8 ML .
RGREW, ZHEETLEERSREETE,
[ B AR UE 3815 A P4

1 RGRBL LB

FF WPT ) UAV 4 Bl CE-mMIMO £ G A4 4
1R, EARSEE LA AP FI— M EEE I UAVY,
PAR— R RS 5240 UE, Hke{l,2,- K} &
o Ht, BANAPIELAE T MANRER, UAV B H&
TNARE. B A L #AE#ER A 0 i b
3, UAVMEEM B, PARER €[ Houp How
®AT. UAV L% TR 8 FlRe R s, =
W AP NS B s B 5 k55, R Rl i AP
IR SR R, NS AP TE TS H F I P L S A
Flo Meabh, 25 Bk ik BE B i S v e (I P28, Rk
By EVATUE Joyka Sr B M T AP /) B E 2

B 5 & uiti K F I 43 22 HE DS UAV 3EAT I8 .
UAV [ YATE [EH T3R0R, HEHECHNANEB. B
T BRI RF SR RSz /N5 TE AR I R], R L R
B PN UAV FH 2 ity R 47 B DA J2 £ 38 3 2 56 AR PR FEAS
o EBANNERA, BN LmBERYS
UAV &[5, HARE(E 500 H UAV FT 28 5 2 [A]
WOV BRI PR E B o, [ n ]3RS N ER kA 28 i 45 I
B n 5 UAVBAE IR I LL B, 7,[ n]3R7m N UAV

TR
T

M AP 3E4T TE L it A i (1 s 1) LE 431
] = HERR LR AF AR, 7En METRRAL, 264
& 2y & i (1 K F AL bR R o8 N q [n]= (x,[n],
vilnl), UAV [ 4 F 1 AL br R 78 N g, [n]=
(x,[n],y.[n]), ZBEmA AP S HIE 2LV N g, =
(x,, v,)e B, FEEFR 0 At UAV F128 kA4S UE 2 1]
(PR B RN
D, [n]2|q.[n]-qln]|+h=
(x,[n]-x[n])+y.[n]-yIn])*+h (1)
[FEE, BFREnakt, UAV AL AP 2 [ RN
D, [n14q.[n]~ q,|+he % 1 H SR 1)
UESNR, UAV RIZS k> UE [R5 81 235 K B RA A
h[nl=aBum gun 2
Her, a, BARSHEHEBE NI m I EEIE, L
8 77 R IR B A BR AR BUAE R 2 R VK SR
(B 2%.
b T b AT S5 ARG, @i UAV A4 215 kA
UE (#8415 5 [F & i AEE (Lo, line of sight)
FIHEALEE (NLoS, non line of sight) 154%, LoS/{&+4%
W2 pt, % UAV FITUE I A (1§40, UAV #1 UEk 2
] [¥] LoS f& a2
1

Pun = T poiinm 3)
H, a, b R—HEIS %, UEKA UAV 2 8] (41 £
0,.,=(180/m ) arctan (h,/|q.[n1-q.[n1] ). Bk,

KR FEIRERN

D,iln]l, pu

Bw=1 " )
Dmk’[n]’ pukn

Hdv, a,. a,70 549 LoS FI1NLoS F B 42 1 ¥ 6 Fa %5,

AP | JHFL || Pk
fighte,[n] |50 EfFraln]

i Bt

— — —» RRE R

1 3F WPT /) UAV 4B CF-mMIMO R G 7Y



©30 . o W

¥k

H8%

Pk, 7 NLoS BE B AL MR, pli, =1 - plo M
4b, K UAV FIEE k4~ UE 2 8] 1)/ 94 (1) Rician

i = (1 +3) g+ JU(+3)8s (5
He, 9> 0HRician K+, g, e C"'NUAV K

SFEES LoS Wi, BAREKIR N
§W=PJT%%mm ﬂ (6)

He, 0, %= UAV KiEAE 5 2 UEL I 55 52,
AdFIRUAV ) RZAIEE, A28 diK . NLoS 4»
B g, BN R THEM BN ZE N S A6,
B g, ~CN (0,1,)-

Hw,,, e CVJ& UAV TEI B n 1] UBk K& 1% s, [1)
BARBIERE. UL a4k, UBKMEIRES A

vilnl=hilnlw,s, + z, @)

Her, z,~CNV(0,07) 2 1E UBK A 320508 (1 i v W
FIMe s . BRIk, FERBR n ib UBK 38 2

T wi b, [n]f
rln = Eeuln)Blog (1 -+ eetultlly )
k

HT AP FIUAV R ZRFEFI A2 i Be i, i)
P4 {58 H LoS M4 4% £ 50 APm FIUAV 7EH B n
W{EEEFE N A, € CY b, = ayDy[n] &
b, & UAV Hl AP . [H] [ {5 18 1) #% 15 51 FE 48 24 -
g € CV M RIRES B n A& APm A1 UAV 2 8] [ {5 18
WEaIERE, g, ~ gn. (g FH, gn, eC,
gmn € CYo

L HLTH BT AP [FIB LA 2 DK p, 1] UAV &
RIS S, w,,[n]/E APm [ UAV K12 U H
TERE, NI a kL UAV I Re E15 5N

rﬂﬂ:ﬁizguﬂwmnkJﬂ 9)

Hrr, e, [n]~CN(0,1,) R APm K i% 45 UAV |
RER(E 5o (H B TR bR A P AN e R 4R
U, BFBR n b UAVY SEBR BRI BE SRR N

piln1= el XE{ o ghnlwatal] |00

ot ERRMAGE T, (0] AERIEE
FT, 2% UAV 7E AR 2 i 0%

T R R M PR, A0 bR
UAV 72 856 AT I 18] Py 52 M BT 5 3 443 10 3
SHEEST S 0], ANREA L

. Zn(N;l)Ad sin

PR AT AL 6T Jain M AT HRECY, X
ATHRE

fn: (zkzlzzzlrk[n]) (11)

K5 (S nn)

NSRBI LA B B8 o ) 2463 2 1) ) B2
BRI AT B A E SRS, 7T L
VIR S Pl i A S (I o N R Loy
Bio B, K HARRECE SCHA TSR BN
B, FEHN

F=f>0 S rlnl (12)
b, uhf fE BRRREUT LB R,
AT I 18] P B A T A LEF B2 00 440 5 e W VB 3

TEREFETTTH, UAV BOEISHSAEAN, RATHERER

A[ NG, P/[n]/E5%T UAV KATEEERIRE, £orN
Pin]=n +n|qlnl-qln-11] (13)

o, gy e A UAV AR 7E 25 op B 5 32 1 T

R ARIBE S RS TR T . T n

UAV ()54 B FEAS B i o R b i, BRI

ForN

S ] [ [+ PLLnD < P+ S piin] (1)

Hr, PYRIRUAVHATAES VMG RE &

i LRI, ARCHEEIETEA WPT [ UAV 4
B CF-mMIMO 4, 1E UAV N 5h %&b 2 s 15
MRS R, F R UAV 742 ) AP W E R & DL 4E
FHEWTEBETRK. A BB BB
A, ALREREAN B e R ] A R
t,[n VA% UE B E A 5t [n], UAV #LIZE
q, MUAV H T HAR L 0 W RIS w, [n], BA
KRG DU PIEE A Ak
] A F R A

max F

T
st L > (aulnw |+

i=1

n-1
P[[n])<P’+ > pi[n]
. i=1
C2: Te[n]-i-z‘[uk[n]s]
k=1
T
C3: Hq“[n]_q“[n_l]usﬁruk[n]l/max
Ca: 7.[11=q, (15)
Hr, v, & UAV B KER, g, %€ UAV K9]



H3 M FEAE: BT WPT K204 55 mMIMO 258 o ANLUE 5 78 e & A6 5 72 +31-

SR o ZYH CLXT R (13) BRI R R B R UAV 82
THREFEAN BB T UAV LA R . C2 R BEAN I B
HUAV 58 il e & 18 4R DL & SCRF UE 1845 I [a] 2 ATA
REEE I — NI BRI REEER 0], C3 45t T E&m Kk
ITHE VYV, FUAVAL BB AR, C4RE T
UAV KATHE fle 1) (15)2 LS /R AR PR s i 72
(MDP, Markov decision process) AHFAE 7 51 H 5
WA, AN, IR R 4 SR B AL R
S B, RS TR A M
R 3B N AR B A B 35 TG Y i i A AL T
A, M Q-learning 53d& A T- SRR A IRV E AL
AL

2 ETAERZENREHDONGZE

2.1 ETDONMERFREEMNNTZITHFR

AATERXT ISP T — R B R 5T DQN
1 B2 U5 BRI B 1T 5 %2 . DQN IR & 54k 2 2
TR — AT AT I IR, B IR
LML Somb s ST HER AN S S, R T QA Ik
TEA B R B0OE B2 B VR R AS 23 A (1) 1) RS2 PR ) i . 7
ZEF, K0, 2r | X [E UAV ®AT M 2L,
SPRIFARAEST, DA HbR, 5K R
JROTIER I H bRk, i UAV Re 8 2% =) BN ]
BN

DQN J8# & FH AN 28 I 2% 2E i, B SR s ) 4%
AEARM 2, IR FEF, BEALYIIG 10 SRR
L5 AVH bR 2 IR E AV 22, R &5 R AL
SOV RE, R D e A I A SO AR e . R
A B MDP 1T DL sy 285 iR 2 B A SR, A st ] AH
KA B . MDP @ K~ NPT < S, 4, R, P >,
Horp, SERTTMERMHBRSE, ARRBERIME
S, REFERIMERESs e SHRIUUTE a e ANIHK
iR EL P:SxAxR—[0,11RAIREFEEM A5
PR, Q)M H brje 2 S RIS 1S — 4, R
I T R T KA KRS C [ ]

cm]giﬁRm+k) (16)

Hep, ClnlR A2, 2RI AR R ™
Az R 22 i 2 1B AT B AT AR TR

FARIH, K5 UAV {05 — 2 51 88 FU 8] 52 4]
5RGAE L H AR . RN, UAV ILE
FRE s, (n), REAT B a,(n) FFRG K r, (n)o

WG, EENE + VERBIFREs,(n + 1) Ik
4b, UAV B A — & 5 &8 1 b7 & S, kA7
it < s,(t)a,(t),r.(1),s,(t+ 1) >HFEA . FN KT
REWT.

S: TERfBRn, SRIEMEKERSER, &
i UAV =407 & . UAV Hth g & DA 4RI B,
R Ns,[n]=(q[n];el[n];n), HA, e[n]Hk
NI B n A UAV I REEDIRZS, BB 2 - 146K
UAV FRAEEJUE

A: SFREUAV, MERFERER T EE
AR ®AT M, RATThER . Fo R ] b DL A N
UE AR 25 (i T b5, B UAV ISH1E 2 el ik i R

a,=(h,[n]; 0,[n]; W s W5
r.[n],zaln], - tuln]) (17)

BRI L UAV 0] DL RL— 5 s V WAL &
T RAT, BN BT A AT REIE Bh T @R AR T L
SRR Rk, Wk, @Ko, 2n ] X A1) UAV &
T OB HON A, DI R R R .
I, $ATEEa, J5, UAV B E N

g n+11=(x,[n]+(T/N)VcosO[n],

V. [n]+ (T/IN)VsinO[n]) (18)

IEAh,  EH B BR HCAE BRI B0 A BT BE AN T A2 W)
RS BEA R N THELRCLAC2, X4
R SHAE JEAT AR S PR R . C1 PR ) A A I B A
AN UAV BT FEM R, a0 UAV A= B s VB A
JEZLAW, WA BR A% UAV B RS T 3%
BN, A1z B2 i 1) 4 SOE 2 AE 1Z I B
0, XA MAE AN AIATEMER ST . A 72
C2, XA I AR I ) e gk AT 3 — 4. R AE
IS} 5 o SRS A B R U AV 1) 78 He RTS8 45 B 1) 1) EL 451

K
AR ], tlnle MR [n]+ Y eiln]< 1,
k=1

RAH, Weln]=cln]. tulnl=c4ln] BN,
#4719 (20)H—1k
nin]=——clo] (19)
t[n]+ > riln]
tuln]= — sl (20)
o[n]+ > iln]

R: R HAR, BIERIEL S AR, &
KPR il A . R, fR4E(12), 7E58
n NIRRT, THEAR



°32. o W

¥k ¥ 8%

r(n)=f1 > rln] 1)
UAV % FH 9 AN 8 5 i 22 X 2 A DR S s AN H bk
W4, X LB 2 B MR A e 2 450, (HIAL
FEARESHORFE .. LM% RS B2 A
B R IX 3 E o LR, FEEKZ B 4 B 256
128 64 FI32 NI 4 2451 . BhAh, SNfg s
MK IMERER AR, R 2 M2
ZJ5, NAZEH—4IELL0.2 R RIE H
M W L5 TE 5, (n) IRAE T AT a, (n) BIBSNEE
BRECN O, (s(n),a(n); 9,), K O R RTHR,
M H AR 4 15 O, (s(n),a(n); $,) H F@id it
SR RECE RN AS,  Bk RO T R g A E
PRI g . B, AL o AT R A
N T iEFEIMEa(n), FERBERO(s(n),a; ), RE
s(n) B E A IFIHEMegtt, FHan)ble
FRTHE 2 B RAL 24 1T O (s(n), a5 9) F% L B BE MLk
Po TEPATEAEa(n) J5, RIIRGh r(n) IR
AT —PMREs(n+ 1) G, @BdEIMEO(s(n),
a; ) MR (y,7) KIIZDQN. HREXfHHZE
PO 245 Mg 75 A1 U 14D S L A 1, Huber 358125
SR /ME R, RIESHUREBUNGS, 1R ZEE I 5 %
2, TMARREKE, RN T Laxt iRz
) %&y—ﬁf, ly-p|<o
I(y,9)= oy (22)
5|y_y _552, HoAth,
Horbr, SFRIRHUKRBIE, yRREIEML O, (s(n),
a(n); $) B o HFRE DR HE IR ) 2 Jih A S50
Ll ymax, 0, (s(n),a:9,), HBENI, HH bz
WL 20 H o RO I 245 2 AR L 5% 1) 1 22 Jh R AT B A
7 5 T LA R, T bR 4 A AN SR AN
W, FUAEHE 2 HOR [a] [R1FR 5, A ) SRS X 4 [RI A R
SR e HTE B o E [ 5 R R TR RO P, SRS R 50RT
P BRI A 28 X 2 3t — S5 @ b B R R AT AR AL
R IR SR FH — VA B B T 1Y) 1O Y RV
RMSprop Lt #%, SR 40T
E[g],=nE[g'],. +(1-m)g, (23)
G(nﬁ—1)==6(n)—-————£1———7g3 (24)
elg’l. te
Horp, g, BB RMIEE, S8 oo rilRR
RS R TR 2 2%, 0l e R RoR &
PR 265 F )AL A 22

SRV, i SRR R T A SO BT AR
R ] DA HE S T A 2 4 K K DQN 4l BB {5
R RE, AR RMEE R,
BiE1 T A E A DQN Al Bl {5 52
WItE: S Hk OGs,(n), a(n), $, 3 25 [H]
O, s
for i=1, 2, -+, N0 dO
for n=1,2, ---, Ndo
A e ML BN ;
ROV i r (1), WS F—IRASs,
(+1);
6 1L 7= ) <s,(0), a(n), r(0), s(t+1)>
#O0,;
MO, BEAL /B RE
AR R
WS, wAMEURIA L
end for
iff 2152 BOFT IR 1] (8] B N, 4., then
99
end if
end for
g BRIk, 454 DQN it B S AN B 1
W%, 31 CF-mMIMO R4uH:& WPT [ UAV $1L
. DhESEC. 7o HN R DL RS I B2 e T %R .
22 HEERESH
Hof F ARSI B R UL, DQN B 1 T H 2 4

HHEE O (K ). ﬁﬁrﬁl%i%ﬁ%’iQﬁo(En,nm)\
W R A O (B), UL 6 5
W%O(En;nw)’ (R 5/ BRI 115 2
O(K-+ 20" + B), MHSLRIER TN, W%k
)52 2R O (T-(K + 20 + B) ).

3 RS

AR AT LA R A A SRR H ) 55T WPT
) UAV i B CE-mMIMO R Gi1E X 3k 7 5 5 N i
PERE.
3.1 FERE
PiEABESHIER . NS EE BRI T
SRR 37 5 S S IR R 7R R, AR AR T BT
B PE AR R . W28 41 5 1805 TR 1 S Huk U



H3 M FEAE: BT WPT K204 55 mMIMO 258 o ANLUE 5 78 e & A6 5 72 +33.

TR H WECE, #0 smib s SR S
ML SRR J T E

=1 HERESH
ZH HE
APMEL 20
AP REEANHM
UAV REANHN
RATEEEH  H oy 10 m.30 m
RATHE Y, 10 m/s
RS KN, 40
Wiy B 10 MHz
I 75 Ty e -96 dBm
HATRIFES b, 2
I FES M a, -50 dB
¢ 1
I L 50 W-h
TANFEHR 21.6 W-h/km
PRty 0.99
WEIET 16
2 Al e NN 5000
Nopdata 10
258 1B BOEHUR AN 264

32 (HEZERMEST

AL FE1 000 mx1 000 m [ [X 1K, —4LF i UE
BEAL A A1 fEHEA X 35, AP 5 71 434 75 7 ] 500 mx
500 m [ X IR o AL A I I ER U524 0 1 UE
A& T &P AT BRI 5 R R 4 UAV 78 55 2 (1) UE, R
T UE. BEAlh, UAV WIGA 1S 5507 B A7 T X 301
Wbl 5 %A WPT 481 77 %€ (DQN-noWPT)
PA K Q-learning — MR A 77 R IEAT X LG, ASCN
H 1) CF-mMIMO Z 4t HkA WPT ¥ UAV @15 5 Eidt
177 VP

ANETAHAEA PP A Bl 2 i,
B2 A, B UAVEERS N, &5 RH P TFE
& RS . FHET DQN-noWPT A1 Q-learning
7%, ARSCHTIR T 681 v UE S 4t 58 & i & 1
WEMRS, HZAE VAV EA RIGED T,
I AP B TE 4R F ) AR T LA 2 E K UAV (1)
SEfUTTA], JREAR M@ E KA DIE . thA, DQNIE
Tk SRS X 2% R B AR 251 Sk R AR TS 1 SR, i
MR T RAMPERER I

ANFETEANAEH W a3 s, B3
S TIEXIRN A 20 MEIEE UEIIEL T, S HE
THIUE R WX . B3 UAV ECE RN, A SCie
177 2R BR % A% UE Hh W B 22 40 28 CRIFAE SR AR/K

____________ 4
D14t =
5 A o
T
212 - - =
o -
2 L
ﬂﬂTﬁH 1.0 r -
= r .
Koy @
Ly
E}: 0.6 =+-DON
B ) -#- DQN-noWPT
04 ’,/ -e- Q-learning
1 2 3 4 5
TAPAEL
B2 ARETCANAEH Pt &
0.5 -+-DQN
-2- DQN-noWPT
04k ©- Q-learning
W : Q-learning-noWPT
;,%
503 "
+
.[L TW-.
02§ 3
R S
o1lr T ®< 1
s Sy
1 2 4 5

3
TP
K3 AFEFTANAEI )

ME 3 Fa] DLE— D522, WPT AT LR 8K
UAV £ K #H % . £ DQN-noWPT F1 Q-learning /5 %
i, UAV B s MERER IR 22 . 78 UAV L E UK
IO, B RAT IR SHBORITHFE, W
FUEIE N, XWAFE LRGN, Ky UAV % 3
R A S R, AT S5 PAT 2 2 BRI BRI o

ANEB AP AFEmE 4R, B4t
b 7T WAL UAV BT, &7 Rk UE 4L
AN AP P A R ARSI 1
THT BRI E Rz —. ME 4TI EE
t, B UEECE RN, P A1 $a 802 5 1%
i, X /2l T P28 UAV 7645 PRI ] 9 [ 15 g
TR A UE MR, R, EHEEENL,
DOQN J7VAAE 8508 L7 28 Hh ah 2 ORRR B i IR A~ 12
XRPEE RN A RE R E N, ASCHEH
+ ff A 2R I AE 4 B DQN J5vETE LU 7 A1
N B bR BB B A AR T T B B E A
2 UE B2z i 4 ik UAV (178 55 68 /1, DQN J7
15 H0 Q-learning /7 ik MERE G T — 8. BhAN, WA
WPT $2 4t it & ST - A FE R 2 30%,
XD R T WPT 7R3 T+ & Se 1 56 77 T (1) 3 22
EH .



(/IR

2

i/ ¥ 8%

©34
\ -+ DQN
-#- DQN-noWPT
0.7F > :
W N ©- Q-learning
kS Q-learning-noWPT
#H 0.6 S
& i X
LOoS5SF™ * S
i3 'S :‘\
04f . *ltn
B
8
03 L 1 1 1 1
100 150 200 250 300 350
FPA %
B4 AEH AP AP
I
4 HERIE

ASCHEFL T 2T WPT [ 245 mMIMO R4+
TNNHIE S FRBORECAS A 75, DA & b A
FAEYE, e P ErE, JERICH P g
K, ASCE R UAV FUE REEAS @88, DL UAV
FIL L AP 2 18] ) WPT i FE A5, 30— 25 0 Hr
UAV F RATRERE, HIEUAV IREEZL W, LIk
UE [ MG AN BAR, BEEL UAV L. 3%
WHUE 70 R BR DL SR E I B L. B ARRE A
HRMHREFIRE, AR T —MAEER
(1 DQN il Bl {5 By B0 9 YA B AN B e i 7
Fo ViR RERW, FrikiEaets y UAV fE 4L
LF R SEMLRE 7, M4 T T oW UE 845 A1,
FRUE B T T A 94 2 1) DQN S i stk . 72
KRBT T, TR S HU ST IR
o, BRI AR, IR R MBS
ORI T 0] SIE I BE RS o

S 3K

[11 MARZETTA T L. Noncooperative cellular wireless with unlim-
ited numbers of base station antennas[J]. IEEE Transactions on
Wireless Communications, 2010, 9(11): 3590-3600.

[2] ALONZO M, BUZZI S, ZAPPONE A, et al. Energy-efficient
power control in cell-free and user-centric massive MIMO at milli-
meter wave[J]. IEEE Transactions on Green Communications and
Networking, 2019, 3(3): 651-663.

[3]1 LUL,LIGY, SWINDLEHURST A L, et al. An overview of mas-
sive MIMO: benefits and challenges[J]. IEEE Journal of Selected
Topics in Signal Processing, 2014, 8(5): 742-758.

[4] BIORNSON E, HOYDIS J, SANGUINETTI L. Massive MIMO
has unlimited capacity[J]. IEEE Transactions on Wireless Commu-
nications, 2018, 17(1): 574-590.

[5] ZHANG J, CHEN S, LINYY, et al. Cell-free massive MIMO: a new

[6]

(7]

(8]

(%]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

next-generation paradigm[J]. IEEE Access, 2019(99): 99878-99888.
NAYEBI E, ASHIKHMIN A, MARZETTA T L, et al. Cell-free
massive MIMO systems[C]//Proceedings of the 2015 49th Asilo-
mar Conference on Signals, Systems and Computers. Piscataway:
IEEE Press, 2015: 695-699.

BUZZI S, D’ANDREA C. Cell-free massive MIMO: user-centric
approach[J]. IEEE Wireless Communications Letters, 2017, 6(6):
706-709.

MOZAFFARI M, SAAD W, BENNIS M, et al. Unmanned aerial
vehicle with underlaid device-to-device communications: perfor-
mance and tradeoffs[J]. IEEE Transactions on Wireless Communi-
cations, 2016, 15(6): 3949-3963.

ZENG Y, ZHANG R, LIM T J. Wireless communications with
unmanned aerial vehicles: opportunities and challenges[J]. IEEE
Communications Magazine, 2016, 54(5): 36-42.

FEWTHE, W 2R, WAS . T ANLIA ST S b i B R B AR AL B 7T
ZER[T]. THENURLE, 2022, 49(11): 234-241.

YUAN X W, XIE Z D, TAN X. Survey of resource management
optimization of UAV edge computing[J].
2022, 49(11): 234-241.

DU J B, XU W, DENG Y S, et al. Energy-saving UAV-assisted mul-
tiuser communications with massine MIMO hybricl beamforming[J].
IEEE Communications Letters, 2020, 24(5): 1100-1104.

ZENG Y, XU J, ZHANG R. Energy minimization for wireless
communication with rotary-wing UAV[J]. IEEE Transactions on
Wireless Communications, 2019, 18(4): 2329-2345.
SURENDRAKUMARAN U, NACHIAPPAN A. Performance analy-

Computer Science,

sis of wireless power transfer(WPT) through two-coil and three-coil
structure[C]//Proceedings of the 2017 International Conference on
Innovative Research In Electrical Sciences (IICIRES). Piscataway:
IEEE Press, 2017: 1-6.

XU J, ZENG Y, ZHANG R. UAV-enabled wireless power transfer:
trajectory design and energy optimization[J]. IEEE Transactions
on Wireless Communications, 2018, 17(8): 5092-5106.

PANG X W, ZHAO N, TANG J, et al. IRS-assisted secure UAV
transmission via joint trajectory and beamforming design[J]. IEEE
Transactions on Communications, 2022, 70(2): 1140-1152.

HAO G L, NI W L, TIAN H, et al. Mobility-aware trajectory de-
sign for aerial base station using deep reinforcement learning[C]/
Proceedings of the 2020 International Conference on Wireless
Communications and Signal Processing (WCSP). Piscataway:
1IEEE Press, 2020: 1131-1136.

GUOJ L, HUO Y H, SHI X J, et al. 3D aecrial vehicle base station
(UAV-BS) position planning based on deep Q-learning for capac-
ity enhancement of users with different QoS requirements[C]//Pro-
ceedings of the 2019 15th International Wireless Communications &
Mobile Computing Conference (IWCMC). Piscataway: IEEE Press,
2019: 1508-1512.

WANG L, WANG K Z, PAN C H, et al. Deep Q-network based

dynamic trajectory design for UAV-aided emergency communica-



H3 M FEAE: BT WPT K204 55 mMIMO 258 o ANLUE 5 78 e & A6 5 72 +35.

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

tions[J]. Journal of Communications and Information Networks,
2020, 5(4): 393-402.

LIU Q, SHI L, SUN L L, et al. Path planning for UAV-mounted
mobile edge computing with deep reinforcement learning[J]. IEEE
Transactions on Vehicular Technology, 2020, 69(5): 5723-5728.
HAJIJAMALI A, AZARI M, HU P, et al. Reinforcement learning
for energy-efficient trajectory design of UAVs[J]. IEEE Internet of
Things Journal, 2022. 9(11): 9060-9070.

TANG F X, ZHOU Y B, KATO N. Deep reinforcement learning
for dynamic uplink/downlink resource allocation in high mobility
5G HetNet[J]. IEEE Journal on Selected Areas in Communica-
tions, 2020, 38(12): 2773-2782.

TANG F X, HOFNER H, KATO N, et al. A deep reinforcement
learning-based dynamic traffic offloading in space-air-ground inte-
grated networks (SAGIN)[J]. IEEE Journal on Selected Areas in
Communications, 2022, 40(1): 276-289.

ARANI A H, HU P, ZHU Y Y. Re-envisioning space-air-ground in-
tegrated networks: reinforcement learning for link optimization[C]//
Proceedings of the ICC 2021 - IEEE International Conference on
Communications. Piscataway: IEEE Press, 2021: 1-7.

ARANI A H, HU P, ZHU Y Y. Fairness-aware link optimization
for space-terrestrial integrated networks: a reinforcement learning
framework[J]. IEEE Access, 2021, 9: 77624-77636.

AR, MR, T, A TS A S ALAR BV RO R R R S
KAT LR S IEAE TR L[], PV 2R, 2022, 6(3): 113-123.
LI Q W, CHEN J F, CUI M, et al. Trajectory and communication
scheduling optimization for the rechargeable UAV aided data col-
lection system[J]. Chinese Journal on Internet of Things, 2022, 6(3):
113-123.

JIANG M, L1 Y Q, ZHANG Q, et al. Joint position and time allo-
cation optimization of UAV enabled time allocation optimization
networks[J]. IEEE Transactions on Communications, 2019, 67(5):
3806-3816.

YE H T, KANG X, JOUNG J, et al. Optimization for full-duplex
rotary-wing UAV-enabled wireless-powered 10T networks[J]. IEEE
Transactions on Wireless Communications, 2020, 19(7): 5057-5072.
HAO G L, NI W L, TIAN H, et al. Mobility-aware trajectory de-
sign for aerial base station using deep reinforcement learning[C]/
Proceedings of the 2020 International Conference on Wireless
Communications and Signal Processing (WCSP). Piscataway:
IEEE Press, 2020: 1131-1136.

TSE D, VISWANATH P. Fundamentals of wireless communica-
tion[M]. Cambridge, UK: Cambridge University Press, 2005.
JAIN R, CHIU D, HAWE W. A quantitative measure of fairness
and discrimination for resource allocation in shared computer sys-
tems[J]. DEC Research Report TR-301, 1984: 1-36.

FEZE, RS, REHL . T R J0 AHUERRE W RN Y 28 e A Y
VRIYBEHNS[T]. IR 2741, 2023, 7(1): 18-26.

WANG Z H, LENG S P, XIONG K. Multi-agent resource alloca-

tion strategy for UAV swarm-based cooperative sensing[J]. Chinese

Journal on Internet of Things, 2023, 7(1): 18-26.

[32] MNIH V, KAVUKCUOGLU K, SILVER D, et al. Human-level con-

trol through deep reinforcement learning[J]. Nature, 2015, 518(7540):
529-533.

(fEZ ]

F21988- O, &, flid, FgRUHEAE KL
R I o= 3 ) S s B D K sk =0 Y N
BT EIE . 5G/6G BRI BEE% .

TR (2002— ), 5, F AR AE A
H5ERTEYRM AL, EEITH N
TNHLREIRTHE S LG5 IR 515

HKEEFE (2004 ), . AR HL KAk
WA 22 B AR 182, B 7O R N TR AE
RS2 35

XIF(1999- O, %, A K¥HEES
RIS A, FEHRTERNE
FHL— AL YR B 4

B3 (1974- ), &, W, BARTHEHR KA
WESEL TRESREEEE, TEF R M
NTLRIB(E SRR . B s 5w
TkBEREAR,

BIEEON983- ), B, it FRirEkR
SEPNIER RN S e 2, R T 1A Nk
M. ZEIER . ok HER 4,



