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Graph-DRL-Based Spectrum Resource Allocation in Air—Ground Cooperative UDN
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2. School of Information Engineering, Chang’an University, Xi'an 710018, Shaanxi, China)

[ Abstract] To support real-time data transmission and maintain stable connectivity for diverse mobile users, an air-
ground cooperative Ultra-Dense Network (UDN) is adopted to'enhance network service capabilities. In this novel
network architecture, airborne base stations can better support user mobility, while terrestrial UDNs enable more
efficient spectrum reuse. However, differentiated channel, conditions and coverage disparities introduce new
challenges in interference and spectrum allocation. Therefore, this paper focuses on a novel air-ground cooperative
UDN and addresses the challenges of interference coordination and spectrum efficiency balancing in mobile scenarios
within this network model. A Graph Neural Network ( GNN)-based Deep Reinforcement Learning ( DRL)
algorithm, Graph-DRL, is proposed to dynamically schedule spectrum resources and improve the real-time
performance of the algorithm. First, a GNNis utilized to model the user movement correlations among neighboring
base station cells. By sharing the demand information of the local cell, cooperation is enhanced to determine the
bandwidth reuse factor. Second, a value-based learning network is designed, with the average throughput of the
network as the optimization objective. Considering factors such as user mobility, user density, and spectrum reuse
degree, a trained Q value network is employed for resource allocation. Simulation results demonstrate that,
compared to benchmark algorithms, the proposed algorithm significantly improves the transmission rates for highly
mobile users and cell-edge users.

[Key words]) wirless communication; air-ground cooperative Ultra-Dense Network (UDN) ; spectrum resource allocation;
interference coordination; Deep Reinforcement Learning (DRL.) based on Graph Neural Network (GNN)

T A 19 28 CUDND . i ik 47 /) I 2% 78 2 9 i 12

0 \ NS ; NI -
5| P AR 5 I 3 BC SRR R AR i ) P SR Ak

[l

Wt 2 AR (5G) JoLZm 15 9 265 E AR T3R8
Bz, A AR BSG) /28R (6G) JOER T 1 9 2%
WAFE] T T Z WETE . 76 BIRRE 3R i KHR R AL B
F N R ICL R A L P R St N O B
X 00 245 i 55 ) e 2 UL A R 30T DRI 0 2

R DR IR S5 R, HIL PR
PR e UDN oy 7 D) i 955 2 rh gy
[ IS JE AL bk R AOR 1 B S Y
JEHIEAE Ik B AR Bl 0 4% e SR B s O F
REAT Rkl F% 8l P A ik vl 22 1] B8 090 B 010 45 U

BEE&WA . BERESVAITRI(2020YFBL807001) ; &£ AT A E HBIK A 34 (8091B032226) ; VG 44 T A4 & 31K (2023-YBGY-212) ,
YEBE N Fazs. 20, BB , 07 16 91 4 98 200 s BRI AL AF 5T 28 5 X B — GEASVERD) L E L. 2052 s SR . L 0F oA

Wi A 2024-08-19 fEEIBH]: 2024-12-02

E-mail: liuxinyi@chd. edu. cn



284

£524% £ 8HI/2026 £ 8 A/HENTIE

R R EE R RIS S SR, i T X Al
BRI 2% 235 g v 23 e 3l 5 T 0 A AR B AR
Baht e SR e ) B 2R Ik Tk
5508135 43T ) A58 T 6 B R Pk K

EI XL Ge i 2 UDN e ()35 58 58 U 43 e [n) A8
BAEMRECE/E T — R 9l F %k, WEI
DT T — R R B IR BT R el o
AR B IEAEA ERE PAT R B, R A
A1 LW RS i e P =B 1= I 1 DA NVAN P D S
PR dEi B T & . R DU SR A Bl R b 3 A
E BT B A 4 R LU 7 I 2% 3 N AR Akl A
ZSCR FE R P ) 4 o R RT A R 9 D e, 2 5 FH Pl 55
MW BFFEAGER X D2D M T — P 3 T A
FAOIS AR RE SR B . SRR T
KA EEE 1 Atk I HE R D2D P A T
YAO e AT 8 b %/ NX AT 358 T (5
WA ST B 25 P T AR AR - Sk 9-120)0F5E T
UDN {564 %R U4 i . ZHANG 2857 & %6 42 X0
T. UDN ##H T — R R 24 10 )i ke 05 %25 R A
3 AR 5t 7 F DR /N DX PN {5 2 o B [ A, B IR T
T 2%, HABIBINEJAD 25100 £ %t 5 4 ) 2%
Hp I 2 0 {5 T 43 BE A D R A G A (), 4R
T A L R IR B b =y T W TR
R BT, SCERL11-12 125 T A R
B FH P BT & R 55 (QoS) 3Kk . WANG
L) FH 4 A S AL R A T A 3 43 T e
SCHRC L3 IR AR AR ZRIE HEA T HARY femto J290
T BC LA /N T . SCRL 14 VP XTRP H T —F
T B RS 2% BE R LR A U0 5 f (5 18
BT B £, B R KL UDN i A AR A
PR SR B 36 7 P k. ZHANG &5 @R R T
UDN o BE 3040 T 0 55 e & - Bk 0 715
EHC . TEORUEREAS FH P B0 0t 75 5K A [l e s e K
FRFIA TP B T8 . GAO %5 T i 0
AT BB, DA S Rk &, R R/
MR ZETE. FEEMEFES T hTFHA
MR B 2% T P B AR S & ke A 2R Ak 7RI
FEDL T » BA— (R [ 5 422 A 5] BEASIE A SE R P
AARN L IR A RIFSE TR Y T 1 M T UDN 3k
A7 M AEZS Hib[A] UDN o, 28 M (5 38 5 w5 8 3
17, 23 3 5 UDN R sh itk 5 i e 22 5, N ik
T BRI h H IR E D L P B a2 5.
UEAh s RS T AR h B G RS /N X 5
SEA e R RS O AR 45, th Tk 32 i e &2 2%
FE R BR I A E T 2% & P B st 0 sh &3

N SERT AR 4 B R R A C . 28 b PR UDN
F R AR 4 P 5 R R R B LASE N s A
N IR TR

UL EEAE PR 4 2] BT i N UDN rpg %
Ty HBE . WFFE N 5L % A UDN A (i i i 5 1) %
R A i BE R A KA T QoS B A Ak ] 5t s
5 R TR B B AL 2% > (DRI M HE 28 1 %6 545 i
o d e AL ek . HU %09 8158 7 2 H
PV ERGE R ATHE T T84 BRI T R4 BE A I A )
B GGG R RS EL L R T ST 25 AR
& DRL(MADRL) #5537 , 5% F 4 il 5 A A7 =X
Pds s X OR e P A A ™ 1 3l A AR R R, S
Mk[16-17 1¥945 4 T 20 #% JARAFI MADRL, WANG
LIV T AN PN A Rt B[R] R P P R R 45 L
] B Ak 285 B MDP, 8231 T HUL /MK [ 1 45
OME IR FL AL TR S e, SHARMA 267
SR Q (EARALfif P T A 2 SR PR B A 3 m) T, R
RIS E] . HFTE A BT MADRL™Y , 254 4
P22 ) 48 CGNIND I i s J 0 2 (8] (8 54 A P2 78
23 ()b W sl IR 55 75 SR AR 2 DT S 80 N 2% D) | 9%
J5 A B RE S . YANG %5 F) H 4 A6 =X 0 4
MADRL 5.3 , DLSC L2 544 TC 26 W 2% (1 15 5 15
A G IR L I 3 T R T 2R 4y T SR W, FE T R IR A
QoS ZER 1 [F] i fie KA ) 45 78 i, TR 2 2
A5 BT T i) P A3 e G UR DRI R TR B 2
2T B AR B R 3 T o TR 2 /N X B B 9 ) R
rh, SEE/INX ] SE B EIME 55 R 43 B DA I B AR Y
EES75=

T ) #% 8l 37 5 T 25 M bR Y UDN, 25 L&/ A
H PR st B VI 8 It HAE sh B 5 T
S PR BRR P R A3 T A SCHRE H — AU T S 4R
TR BRI AT 3 B R, REEFFE N

1) A S 44~ B r ) 0 265 3 5, MR 4 5 6 1
HEH PRI 53h2s vp B sl P 5 T 3 P FE AR
FH 5315530 b T 7N DX 43 AN (] A /N DX S A T
MR FRE ey S 2 FHEE

2) 4% BEAZ A B /NN DX SEE R FH P 67 38 ) 127N X
IyHic—E LB SE R, A/ 25400 B Aok
B 5 LR (A0S 5 43 T SR W o A SCHRE HH — B IR
SERAL 2 S IR A B, [R5 & T R 48 I 4%
Py i 2 1) 1y 23 [ DM

D FETFLEM P SRR, EE X B A 1 25 bl
[i] UDN 3755 A YR (EL 45, SRAS 5 56 B2 U8 A 43 e
R, TE 2 HEHLA S SR IR UE T %0 Bl SR g 41
BT B AR T ML P B



$£52% £ 8HI/2026 £ 8 A/HENTE

285

1 REERBSREHE X

L1 RERE
Z A UDN pn B 1 R, ARSC
ST TATL MY 5t M s b A
P53 AT Y M /N FR v S v e LA K REAILAS B0 Y
PP R B M T R ot A i Y DR 1 A/ IX
Gyt B sl e 19 P 24 vh 25 v R IR 55 DAD
NG A L TR A ST R . AR
B H AR AR RS B 1R [ 0 3 R R T
DR S IG5 A S ol 1) 5 0 BE SR . 3 5t o

]_{1129 * J}%%/TM(%JIEB’J%:; U — U}%%ZT_\‘SE
RO o BB R S B B RO ot =
s
Pg
7
/7

((i)) ,,\:ﬁm i

crz NS

¥

() b
e BN i L 5
P a g E S ‘m AN,
i
|

{NtlaN[zv"WN[]}%:_{ZT—\"/l\?'%ﬁﬂg*—iﬁﬂgAsﬁﬁ
PG i={1.2,.1}Fm. Efg R 2

J 5 R Hby TR 3ty L K 2 v Rl 1) G IR 2R B0 B
JUE el R 1L FORHI @ S TR ¢ RPZIOCHR L 7E
25 b PR 37 5t T LA AR I 3] 1l T Rty 1) Y P 347 e
2R IR 55 . D) FRoR AT 5 T ks 22 [A] 1Y
PRI H N

1, if v;<{v_threshold and d;<d

0, else (1)
Krfws WP B9 33 i 5 v_threshold A% 4y
iSRS P 528 v Bl e AL P [
di P Ak G TR W2 Z A RS sy, Sk
uit i) e K T Y

7] ol e

y &
€ =

g
Bahtssmin i
AR A W2 A R AT AR,

P

g 0)
() é "
A

s 5028

—

B 1 =iih[E UDN g2 REE

Fig.1 Schematic diagram of air—ground cooperative UDN scenario
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Table 2 Comparison of algorithms running time

under different numbers of users

AT /s

IS ak i
game theory Graph-DRL
1 500 49, 32 0.11
1750 49. 50 0.11
2 000 49. 16 0.11
2 250 46. 33 0.11
2 500 47.10 0.11
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Table 3 Comparison of algorithms running time

under different clustering radii

4

VAR /m BT /s
game theory Graph-DRL

24 44. 78 0. 10

27 49. 50 0.10

30 49. 56 0. 09

33 49. 83 0. 09
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