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Hbr, HAEMRIEERAPLAESE 5% % (machine type communication device, MTCD) HIfk45Fis (quality of
service, QoS) ZIRFIHE T, FHBMIET Q IR/ ELHE: £l Q HEIHE (team-Q) ForAi=
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i QoS sk, iR MTCD MR A 4% (data aggregator, DA) L4k, MRIE & CS 15K
Grdle SRIGIIIMFII team-Q 2% X SER dis-Q %% 21 51754 MTCD 3 LB U (resource block, RB) FIL)#.,
FrhatERe B, team-Q Al dis-Q HVEMR TBE R EVE . BRSNS T 16%. 23%; Hi&
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Abstract: Under the premise of ensuring partial machine type communication device (MTCD)’s quality of service
(QoS) requirements, the resource allocation problem was studied with the goal of maximizing system throughput in
the massive machine type communication (mMTC) scenario. Two resource allocation algorithms based on Q-learning
were proposed: centralized Q-learning algorithm (team-Q) and distributed Q-learning algorithm (dis-Q). Firstly, tak-
ing into account MTCD’s geographic location and multi-level QoS requirements, a clustering algorithm based on co-
sine similarity (CS) was designed. In the clustering algorithm, multi-dimensional vectors that represent MTCD and
data aggregator (DA) were constructed, and MTCDs can be grouped according to the CS value between mul-

ti-dimensional vectors. Then in the MTC network, the team-Q learning algorithm and dis-Q learning algorithm were
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used to allocate resource blocks and power for the MTCD. In terms of throughput performance, team-Q and dis-Q

algorithms have an average increase of 16% and 23% compared to the dynamic resource allocation algorithm and the

greedy algorithm, respectively. In terms of complexity performance, the dis-Q algorithm is only 25% of team-Q algo-

rithm and even below, the convergence speed is increased by nearly 40%.

Key words: resource allocation, centralized Q-learning, distributed Q-learning, consine similarity, multi-dimensional

vector
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it

Hl2s #4815 (machine type communication,
MTC) SV BEVALE A N T-Hts &8 F 5Bl
A1 H 8 {5, 3GPP (3rd Generation Partnership
Project) tAh MTC ¥ X #HkM  Cinternet of
things, ToT) M1 ERBISHAEM", Bi#F ToT
I K, 0“4 2 Ta) R AE FAT AR s oK
B 5G o ANRE PR UE T L AKHNESS 1 T AT 73K
A 7E B5G (beyond 5G) Al 6G M %%, MTC
Fi o BN B ek i s D R 2
2022 4F AT 39 144 MTC B3 £z 3
2 ), T LA SIS B % (machine type
communication device, MTCD) EH AL T2
WERPREZ, B ST TE, 4h 3kl (base
station, BS) Ay KPTE H4H,

FEXRE T W% % MTCD ) mMTC 4,
$s MTCD 73 41 0 B NERERAR b — Ay B T 22
MTC WZHI%E, $#&5 MTCD N, HE
(A AR TR AR i, A A
BT —RY KT MTCD 74l RKH L. ik
[6-7157 Ak 3 152 25 11 QoS k. HuFRA B AT 43
H, CHR[8IA T IEK M4 Zi, #Hls MTCD Fl42
e LA A BS [RIRER BT 22K . SCHR[9-1014E
fE 48 k-means HIEKERE FEAEH OGE, 2 0 EF XS
MTCD BERAHEE MTC W4 AL SR, X
MTCD #ATHIE AR, FIRBFT 42 H Y MTCD
RS, AW IS T H BT E A QoS Bk
R FRAN PR 3R, IF AR FE 23 4 MTCD [ ) R ERTE
T3/ MTCD 2R1% N A REAR LF W8 48, W 7E

S ARG A ALER R E DA B AR EAT
BRI, ASFATE 3w i
SCHR[11-12]37% & H2H (human to human)

5 M2M (machine to machine) 3473750 KRG H
FUL RGO B IR A BC I) R. SRTT . SCHR[11]
K% TSI IERUR M2M k45 ifE R Re =k, FE00
VR AL BEIE M2M LS5 K] QoS 23K, SCHRR[12] 017
LT AR B 7 Fo Sk, ORAIE T I ZE B
& M2M JE{EME S5 1) QoS, (HAESCHR[12]H UK BT
PEFVL ARG FIPL A S H2H 35 3 e B 5 1 598
AT RELLEL,  TEVE A BE i S A e o

SCHR[13142 T — bz 2% B2 U5 70 e S5 s FH i o
MTCD [H] ) 58I 73 Bl i 7, AR 18 T MTCD iif
KIS oL, HIFA RVFRIEEH, S EUnE
P ZRIAK, RIS B T4 NP2 ) MTCD £
b, W R G AR TR SCER[141500 24
ZHiH RE DA TR A, SR T
TR 5B QoS R BHIE ALk, RESRATAL
R RGEHME, RIZ T EEEH P DRy
FCHTRTER AT, JEARTE ks, R —Em
JRBRPE. SCHR[15]0W18 T AEMS BH R BT = 4501 T,
FHF &R (device to device, D2D) 4351
PEIAE IR A BC ), AR RUEEH T IR A R,
B RARIE BT P I & SCER[ 160198 T2 T4
R A mMTC b5 () B85 7 e v @, EAE
PR G R FRESVE, RN R ERIHENA
B, EATH% 18 MTCD 4321 1. 7EDh AT IR

AITE PR B Z (1) MTC W44, A48 i 43 e )7 i
HELATH AL MTCD AW 1] QoS B3R o 4 KA
FUARWEE T LA 7 ) I B 2 Tl s 2 T1%
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et i, i Q BNl 44 TR R o
tb.2% 2] (reinforcement learning, RL) &ik5[E T
IUN(IOPSE

BT R EARHT, A SCHER R A 0 e 5 e e A
BifE55 11 MTCD 1K QoS ZEKF# T, 4t Al
Q 2F 5k team-Q 2% X HYERI dis-Q 2% 2] Bk,
fif YL R 2% N MTCD [ {1 B8 5 HURT T 215 7 i
121 P 73 /T W= . ST R U SR T 19
Wt — AT CS IERZRTT 5, IS B W 4EtE &
G SRIOH P 22 [ ARABLEE (R A%, 351 4 MTCD.
DA 13t 2 4t 1) &, A [n] 52 2 [A) AR 52 AHABL RS F
AT BB B, EXE ) MTC 45
ATHEH BP0 e i), SR T AR T
Q 2 HEYE: team-Q 22 A dis-Q 272,
Horf dis-Q HVEALE team-Q Hyk LAl Bkt T Q
KA head. ffa, W02 T e Eik
REAE S 2P L Sl B LA KON 3 Gt A i e (i kA
FH A& 77 TR A 280k

2 RIpiRE

AW RGN 1 iR, BEHL A
ff] MTCD £l JHRJ5 B MTCD %, AR
RN MRS ES DA, HE MTC M5,
£ MTC W %4, MTCD 38t i A% 4y 2 Bk 4 AR
L DA 4, DA 7t SEHR HBONEL R, Bl
T oT M MTCD Hdi JF 4k &2 BS, AEA3 44
L5 IR SRR, AT LLJRAE BS IR . e
TR 55 SR TR A FH L A8 (R A e s, T SR A% Y I
MTCD Z B LAEIEAL 2 41k 5 AL ot e, AUtk
& MTC MM BT RERME S22 i+
P, R W AR A AT TR (successive
interference cancellation, SIC) £ ARBEAT IEAfE I -

ML RGP F AL M SERE, H
AL 25 KRB QoS Bk ZE i Ko Ry Tk
PR 55 2 54k, £ MTC M2 A 38 T A& 38 R [A)
AT 55 ) MTCD, bl AE MTC M 45 T sE h

A A TMe L (signal-to-interference-plus-noise
ratio, SINR) %52, JFAIH SINR, Kon. FAgMH,
SINR,, #7~x4: SINR, ={SINR,,, SINR, .-,
SINR,, .+, SINR,,,\}» SINR, NFHFH3Y, H
SINR,,, >0, &7 W 2% ponf 5 e b 2K eI 4%
kg5 .

1 RGME

WEAE MTC Mt fy K4~ RB. M 4>
MTCD. N /4~ DA, ffH Sy={RB,,RB,, -,
RB,, --,RB,} Sy rep={MTCD, ,MTCD,,--,
MTCD, ,--,MTCD,,} « S,,={DA,,DA,,---,DA ,---,
DA} Xx, M=K . H, 45 840 AHA
THEE S, S, 41, S, H MTCD [5G A5 T
FEEESKZE SINR > RUMAE A RATAEAT QoS 3K,
S, #1(¥) MTCD HA7kk SINR , , ZAMAIEAd 7 — 14>
Al QoS k. A THEmAE A 2, TsEA
S, F11) MTCD 7Bl Bt sk, HA> MTCD FRE 7>
9 1 AN, IFELRE S, H MTCD [ A% f5 T
WELLESKRETHE F, AAVF S, I MTCD LA S,
(R s, S MTCD 1] LAIMS 2 AN %l . Ny
TR I, AR R 30 gk Bl AE ] MTCD,,
MTCD, - MTCD, 84 Syyrep « S, + S, 111 MTCD,
m=12 M i=12[8] j=12,--[S,] |5
|S,| 23519 S, + S, b MTCD %k, HL|S,|+[S,|=M -

18 52 2 45 Hp T AT i B 6 )5 18 2 T R B 4 48
¥eo DML, S, I MTCD, 2154 K 44 DA, 2
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(1) K] i IS B 5 0 2 A
g,=GxI, xd (D

b, G I, as d, 0B R AL
H S B2 70 A M 3 R AR U TR 2L K
MTCD, 5 DA, Z [\ R . [FER ] e LS, H
(K] MTCD , S84 28 7 2% DA, 1] () 157 I i 1
g, o SOENX THERIRE D, b, fIETHEDR
RB, 58, S, " MTCD Z KR, Mb,=1.
b, =170 B YI 5L RB, #% MTCD, . MTCD,
P, R b, =0 b,,=0. JTCA/ERUR AT 3
DA, 4, S, *1MTCD, £ RB, L[5 T MLy
Pl

O+ D s P&t P
Hr, pfs pis piar il S, HIKMTCD, « S,
[f)MTCD, . S, "'y MTCD, £ RB, L%, 4
TR S, PIMTCD, {55, 285 1. 2. 3
WoynhZHEMSHRAFES. ST
MTCD, L] RB, ¥ MTCD, i i) & T4 S,
11 AAT QoS TR MTCD , 4K K T4t [FHL S,
HIK MTCD , £E 55 RB, L (R T EE R »

SINR} = (2

pfgj,n
02 + icS. pikgi,n
FT LB AT A MTC 99 2 ek i e KAk
0 H A5, RS ARSI AR T SR DA i
LU= SR AR

SINR', = (3

Is)]
. [Zbi!klb(1+SINRf)+
i=1
iﬁi’?;\sz\
Zb,)gb(HSINR";)J
J=1
st. G Db, =1
VkeSgp
C, Y b,=1 4
VkeSgp
C, Y pS<rpie
VkeSpp

C, by.b,, {01}
C, %R S, PAA MTCD KAV 14

¥

RB, C, &K S, F&A MTCD figh5 S, h £ 4
MTCD BEAT%UES M, C, %% s, 1144 MTCD
FAT R BRI pren o

b i) B TR A B AR e MR (mixed
integer nonlinear programming, MINLP) i), 1
A NP AN, AR TR AR, LEASCRAEHT Q
) B
3 EFEmEW
3.1 MTCD B

HERF RS, T HRAR R S AN
P DI AN P 50 i a4 45 51
FURACRE S R A 7 o 2 a e, AR
BT MTCD 5 DA 2 [A] (R 4 5% AR BE AT 2R 2K,
¥ MTCD HJ& T 5 HAHE s, BP CS ff K
(1) DA FHECHIR AT AN, 25 P 1) 2] (1) 4R 5% (8
BRI T 1, FORPIAN ) EEEAHRL, 2 AR B
P T 0, WIS S BONARL . R, R T A% AH
LR MTCD #4755 11, ] MTCD 5 DA 2
) (A 45 M bt SINR DA KRB d XN, 43
i 4G MTCD F1 DA 1) b+ 1 4k ) o BEE
)i A, QK DA, , BT HLSE LA MTCD I DA
2 i)ty SINR Fil d #5 R, T B XA
DA 1fi 5, AR [F—A> MTCD 1) A & AN
X HLAEH & B, KR b EFX DA, T, AR
MTCD,, (W fe. W] LAFE]) MTCD, 5 R4 ity
DA Z [ A5 T M b KA, Al — A4
SINR,, ={SINRD" ,SINR?* -, SINR* -+, SINR ™ |,

SINRP* 7R MTCD, 5 DA, 2 18] {45 T E /N

N3CLAMTCD, £ DA, R BT VLW o ) &
AMREDA,, WEE DA, i s, h+14Em&E B,
¥ MTCD,, H B, =(B!.B}. i, fht
Bll,l:{vl,oﬁvl,lﬁ"'ﬁvl,t"“’vl,hfl} N YA
B | BN Gy I HUA A HE SR & SINR , AR 21
51 SINR i 5 - MTCD, 1 DA, 2 [A] #1151 Lt
FRh SINRPY , Wy, HUE A -
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1 ,STNI(DAl > SINR m+l
’ (5 X, Xy,
H {0 SINRDA‘ <SINR,, Cs,, = B, - A _ ; (9)
1,
2 |B,.[x| 4| [B,,[x|4]
B, ={d, } & e, d, BUEAKHE MTCD,

FIDA, Z M ELSEE 8 d), 5 BIEIE S d,, (RN
KARMIE. dy, &R T IRIEMTCD, #1 DA, Z [
ETMEHAME Ty, o, y, 4 MTCD, & ARAF
T ML, 7 eSINRy. MTCD, FIDA, Z [H {5 T

WELE AT A (6) 5
SINRDA p1g211 _ plGrl,lEdu) )
o O
b, p & MTCD, K4t D%, d1T SINRPY =7, ,
plGrll(dll)

EI] 0_2 /71 ’ Fﬁu—fu;kﬁ /Er@Jd:l ‘/Z‘

AL (7):

. a| p,GI,
dy < P22 oy, D
g 7
M9 0tk BY, i, SY AR
1, d <d,
d,,= b2 (8)
o, 4, >d,

2k, REMTCD, (¥ h+1 4Efn & B, #iE5¢
B, AR DA, 105 4, FPRILREE N Al 4
41 . WARTERE, HdhERaHEmE R
MTCD, HAid DA Fish R4 v A . Hida iR
SRR, B DA SR H 2 5
ui BS. P, H4M RS MTCD 5 DA Z A
(R4 g LRI R B9 3K 9 A B R o i) b 4% 20
AR, DA 5ILH S ZRMEE TR 0,
Bpph il 25X (70, HAS TME LAl 20 2 (%A
T L SR L BT LS B+ 1 4Ef4 1[5 % 78 DA
S E . SEBR b, ARSCP T DA FTARE )
TN h+1 4E4 1 R

Mo ARE MTCD, . DA, [fi[i i B« A )

SRR, A (9) AR P 2 Tl AH AL
J£CS,, :

Herp, 7 O RORAE S, AR ) B TH (1) 3R
|Bll| |A|/\DIJ%%TBH‘ A]E/J*%‘[—«(’ xr\ yrﬁ

WA B~ AR

3k #3 MTCD, 4 DA, [H I AHALEE CS, | )i
Al sk A3 R G PR MTCD Al DA J8] i HILLE
FFACHEAR U K /NBEAT SRR, ¥ MTCD HIg T 5
FOAALRE B KM B 2R & 4% DA VELEIE 1.

Bk 1 T RIZMLIEER MTCD FRE L
MR

M .K.N . hZ55225, L% h 2 SINR
fBIN:

for h=1:M

B CS, , I T A7 MTCD,, 5 T fy
DA [a) fRARLL A
for n=1:N
A SINR i & MTCD,, ) B A% A5 T 1 th
7> WHMTCD, 5 MTCD, M d),
HARPEAX (7 I EBREE R,
M (5), X (8) MiEfRE MTCD,, #1 DA,
M h+14EmEB,, .« A,;
Wl (9) HEH MTCD, Ml DA, 18] (11435441
LECS,,, 8, FHAF#ELECS, 1
end for
XFHUAH CS,, HEAT WP R B ORI T R
Sy » I MTCD,, )& T~ CS,, . X DA

end for
32 MTC MEAERFEIRS B

(1) T team-Q 27 2 BIE 1 T Ui 75 1 R W
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ToAUK B B W Grpp e P 2%, o T8 o 2 g A4
agent 5 IEHATA B, RGN, Wm&¥ ]

00 % W . Q % T T U A G 41 R
@ALR@@Q>SﬁH%*ﬁWWK*I%



m AR E5F %

« 46«

A gttt agent IEFEHIABRENVEAE 0], T Jy agent
TR P IR R, R(s,a) 2 ilieki 4,
o agent M FPIRAEFERE E A1 5 28—
RSB B, Q 7 J il B AT AL — k&b
BRI, EANEEIA Q HE, Lo, Q
R PATARERANF PR, FIACE ] R HUE AN [F]
ik, Q HERPEAEM ML E: ZRET
RIZBAE K [ . Q 27 ) $AT I B0
MR Q E AR BRI, i Q A% 1) 5B R 4
X (10) Fir.

0. (5.4)=0,(s.a,)+

(10)
p[R(s,a)+ymaz;1th(s,,at)—Qt (st,a,)}

o, p w3 RIS Py, BUEYE
1490 [001] o FrHnB 5 FIRA R ASK PR A T
BRI B EE, BT T 0, JBRE agent
RGN 2N, BBEE T 1, Kor agent A
FRKMI Ry [T, Dy T 3 GBIk I N SR e
L, KSR T e-greedy FyzoRIEATAME LR,
BIEL & B0 RIS BERLEN M, LT —o BERAK I
a,., =arg max O(s,a) LIRA1f:

MEL (4) mE R g, AT E AR R A KA
RB _LArmta i, Frbl 3o K A7)
PRI S 2L, I HEBDN AR5 E
YELEHAS RB T 2 2 4555 o 1 team-Q % 2]
kb, R Rk agent. AR state. BHFEZ (1]
action. HJili PR 2L reward 73 RS WTR .
agent ( A): HTFECH S, FHIMTCD, 7
FLBR I ERAT A, S, 1 MTCD, £ i MTCD,; ]
BB, Rk, K S, 1 MTCD, ic 4 agent,
state (.S D: 44 T2 £ > episode I, MTCD,
7ERB, EHPRAZ LN 57, » Horepisode 4 Q
FOVFER ORI . Bk, s IUEA
|1, SINR, =y,
S"*"_{o, SINR <7,
SINR' N4 S, 1 MTCD, 75 % Jik RB, I

an

(F I {5 T LL,  y, 3 MTCD, 1 SRR A5 -1 LL
ZK, y,eSINR,, Hiff MTCD, fJ QoS Tk
FI AL o BUE MTCD, REWS 17 Hdli 3R & 4 DA i
H 5 {5 T LA, 17 MTCD, 7] LA DA Ab3k75
MTCD, fi -

action ( A): 5t episode I, ZEZH] N
Ap,f), K p={p,p,.p}» FRMTCD, K
I A F DR LONAIE [ =11, fro s frch
N TR B IAE S 1l

reward ( R(s,a) ): X T MTCD, M &5, %4
MTCD, % #5 MTCD, JUH RB, I, 22Jil ek $k
N ALERB, LA &

reward} Ib(1+SINRY ) +

team-Q

Ib(1+SINRf )+ > Ib(1+SINRY ) a»
e N #i

X (12) FRFEEARB, LiEta, Hi,

A, R S, I RB, ) MTCD 454, 4 1. 2. 3

Wiy S, HHMTCD, [f 45k & S, # MTCD; 1)

ikt S, PR % MTCD, 24 Al 5 MTCD, 3t

HIRB, ) MTCD, A # . E Q F#HIXL

h, BB EUR I T 2 S HbE, T (4) T
ARG R KA Fbs, X530 (12)
PRl B R S SR A

b 22l ek 2K C12) WA, EAMY T 22 MTCD,
M4 AR, IR ¢ T MTCD (915 B, T
B team-Q 2 3] JLSI R R R ETI%, e IR
PP R BE, HET T DABRA 2R el Q
{Ef#. PRI, 7E team-Q &k, T agent
F2 ) LR IR), R i 36 4 1 2 1) D A
A RB, AR, DO A6 4 ) B8
g5k Q A, WA agent #pAMiL 2 >)
Brix Q il . team-Q % 3 5LIrR Q (HAHI A 4
By || x| 4], Forr| 4, 7 4, th MTCD i,
R FHT team-Q % S SV S AR A S A
S, H MTCD ik 88 i 5L B K o 3
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H T R team-Q 2 ) IR AR FE I il L, $E
T oA Q A S L

(2) F&T dis-Q 77 I L BE U 73 HE A

N TR team-Q L QR4 AL K T3
SRR, T dis-Q “FIEk. 1B
dis-Q Fkrh, A —A Q fHE, R 4Ed|S,|
N QIHE, M Q R TIN|S|x|4x|4,] «
e R, RSN QKT 4H Q
EIN, ASTEREAS Q ER T HEHZ Q {H. £ dis-Q
SEO)BE, B REAR agent. IRAEAN] state. sh1E
7% 1] action )52 X5 team-Q 2% > HyEAAIA], 1
T2 RO 45 T AR TG (12D e X
PEWLL (13),

reward}:_, =Ib(1+SINR}) (13)

e (120 K 3) w41, rewardy,, o &
Xof (1) 2 HEA BEYR B b4 MTCD, T {5 B 2% (1 4%
&, reward;}';Q T 2R £ 1.4 MTCD, {5 5% % 1)
B X R A A I 2 1) T BT R IR
H, WTERPCERER, team-Q 5L TR ZIRIN
2/~ MTCD WIf5 &, 1 dis-Q HSyE NI 75 B A
MTCD {5 BB Ao PRIk, 7224 A5 A48 D71,
dis-Q 2F 2] FIEANS T team-Q 22 M VA EUNME £
IR, A I3 e 1 e S A4, team-Q 2%
SJELEAE S e B o SEABIN L A5 BT L K
FACER 2 T dis-Q 2 BE, MEM{EAS dis-Q
SV FE SR T team-Q BV AR, M
ARG EIERERE, team-Q FIESSHE L
T dis-Q Hik. XJEHT team-Q Sy H il R 4L
(18 SCEUR P BUE AR I S SIOH AR 1
(FJZ EERUE T A T i MTCD 1 847
&, 1 dis-Q VAN PRIE 2 #.4¢ MTCD
3RSl

Bk 2 dis-Q ¥ 2] Bk A

MR

o iy QIESR, BRNINGAMET , =

I‘Eﬂ A,(p,f) 3
PEAR:
BENLIERE— MR TR s, € S
for t=1:T
P ANEN I 6 (0,1) 5
if O<eg
MBVEZS H] A F BRI — 301
else
MBENVEE] A hikHE N —"a,,, fF
3 Q i K: a,+l=argr£131XQ(s,a) ;
end if
PATIEFERIZNE a, , JFEIE T —AMRES
Spy o HIE (13D ATEF L AER B 3R 7 5

ik
dis—Q }

WA (100 BT Q i

end for

4 (HEER5MEED T

reward,

AR B A SC TR R REIEAT AT I
UE, WIS, B MAG A 85, iR
E4 &= MATLAB TH, {fESH L 1122,

*1 HESH

ZH I fE
1L 5 LI B3 5 T/ X
NXAE 500 m
Prireo 23 dBm
Wk 75 Ly e i 3 -174 dBm/Hz
HHHT o 3
B G 10?
15 e P A AL PR 2 8 dB (RIS HE A5 904

TR Q ) Bkr S s . il 2
JiR, PLARE] team-Q BVEF dis-Q SR 1%
AREI I vy T8, AR AR A B2
K, dis-Q “F I FVEIINSHE AL team-Q 27>
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SESE R T 40%. 1XJE i THE team-Q 27 ) 5%
o, QERMYERIE KT dis-Q 2% 2 H%, Mtk

IR REAR agent ZEAREY KRS, team-Q Hik
R TS RN K, BE 2 dis-Q ¥ I H
VR SOE T team-Q 2% 2 FHVk .
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SRR IR A M R AR T 203 T IR 5L 23 il - )
PR T 16.5% 15.1%, ik Gon 28500 13

Bwm T 223%. 21.1% . f#F team-Q H yk
rewardy,,,, o fORBEIRB, LIy MTCD H4F

4, IMT7E dis-Q VL rewardy_, IVt MTCD,
FAEER A . B R T SO RS AE Q
KEPLFEP, team-Q HILAEUSHILRZ N MTCD
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