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ABSTRACT

In massive machine-type communications (mMTC), one of the top three 5G scenarios, a single gNB needs to
realize hyper-connectivity to support up to a maximum of device connections, while ensuring the QoS of the
connected devices. In recent research, grant-free uplink processing techniques have been proposed to expedite these
needs, but they are limited in mMTC environments with highly heterogeneous traffic environments. In addition,
existing scheduling techniques evaluate network performance based on throughput and delay, which makes it
difficult to guarantee the timeliness of data. To address these issues, this paper proposes a weighted sum metric
and scheduling decision algorithm that combines Aol, a measure of information freshness, and WMA, a measure

of data transmission success rate. Aol is calculated as the difference between the time when a data packet is
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generated and the time when the data packet is received by the gNB, while WMA counts the successful data

transmission. We introduce the proposed scheduling decision technique in the ns-3 network simulator, and

demonstrate that it can guarantee the freshness of information by showing similar throughput and delay figures

compared to the existing scheduling techniques and reducing the system average Aol by up to 44.27%.

I.M B

3GPP(Third Generation Partnership Project) 5G
NR(New Radio) standardells] AAlst  glE=
mMTC(massive machine-type communications)+ 5G
3o Alvele & shtEsl, 1719 gNB(gNodeB)7}
1w #v] 10°719] UE(User Equipment) $174-S-
917 AR Ade] FashA AR e, o
= 50l 2vkE AJE] 2ellA gNBell 172 iie]
IoT(Internet of Things) TIHlo] A~ -2 UEE 7+ Al S
3l dlole Azl vkEo AL gNBE g3t o]
gk mMTC®| 583 31l 2072445 BAN T4
ol T8l 3 = AskE Asl] S1s) 22 A
4= Grant-Free 7|9Fe] A3F =3 ~AEo] At
AN

Grant-Free 7|HFe] A3 ®)=2 2AE=2 gNBel|
A%l 7+ UES] A% ®H=2 2 84w
Scheduling Request(SR) £} 1 -5 AL 714
2] o=t o, ARdell Asial 218D ol wel] <]
3 vlole] izlE sk WS AH8sle] UES] 2}
o g S AP witel] Al=glade] Aol om
=2 A A 5 Slek diat 1T $elA
Ao} SrslEe] Zhats tljel ] vjefe] e 5
AN oA g el 5 Slek R, APl
ollofal 2 2ol 2Jaix] wziol] Bojol= wlolE] o
Z& AT WAel o] gNBellA] Adgshd 2kl
o guld o] glo] EEH ot}

SRk, mMTCS] 5434 shte] Ale] b7l UE
EfgE oo gla, ®E UBY| E¢Y A6l )&
5 o gk olE 501 27kE AE Ave|eE 7t
AL o, i vrje]=Ee] 3 Al Fl=
dlole] A& s gNBell Agsh= 2 vig- o4
#|Ql Ao} mlef 54 drAlo] tiuje]2rt A E
Sl AHEARe] S5 AlE dlolElE skl gNBellAl
dlo]e] sHZl& AEalof 3 ull, Grant-Free 7]1uke] 43k
B3 2AE S Ao ek ARslnt Al sleg 5
Ao k= 2153 vlofe] H7lE &2 sl
QoS(Quality of Service)® ®Ae = gich o] A
Al mMTC 742 vll-%- o] %]l (heterogeneous) $H4

o|BE Grant 7|9F] A8 W3 2AIET o] Wel A
=iz qlek

Grant 71| A8k &)
ALTE)HE F= ) ok HHEA
Grant 7|9+e] 23F =3 2~A1EY dar2]52 gNBell
A7 UEeIA Ald F4 A3l Aigle] sabd o=
RB(Resource Block)E #33= RR(Round-Robin)
AL A A F A 5Ee) o] 39 B vE
AFES ARSSE WEY F4o® RBE 9k
PF(Proportional Fair) ¥W4]o] glePl w3l 56 &=
T3] upE tlefst ARl LelA] 875 = QoSell w
A U8 SRl 2AER] 7Bl A= stk
[1,5-7]

3A|RE, Grant 7|4ke] A3 |3 2A1EE AT
AHrel AAEE Yehlls 2=l Aol(Age of
Information) S 2] 2#13}#] $9kct Aol= 41 =
oA dloe & Bk A7k 5 dlele] A A7k
212 A ol=w], dlo]e]e] H AolE A3l WA
o7 Arel AdEE fAF 4 e 2 mMTC
Azl o= AAZEe R Hlold & Farte aUE UE
v ES = o)k 53], ~vtE AJEelx] g Als
Ao} & dlolg] F441 Rlxrt =31 AlgA sl
dlo]el & Xejsl= Aol F83t 3elM= A4 A7t
o] 2&j¥l dlolele] w7} E A= 4= gick ulepA]
olee] A== FEA SHelA Al HloleE A
gahe Zlo] 83 FAZ diFsz glcpl

ollgt TAIE sldslr] SlalA] =l et
AolE A5 H7) vlEgl o g ALS3E A2 AbsF 3=
2AEHE AjKR AljkslE 2AlEEl= 4 Time
SlotellA] 2A1E% AAE Hel=d], 52 Aols 7Hl
UEA 9402 28 sgic}. s, o]2igt v)
A1 54 A ZAe ot dlole] AF A= Adw
AeFE 2 = ok webd B4 A s 2
=5 AAol| T3] g Wikke R o)A Ad SAE
o83t ~AEH duElHs 53 sl A g
A4e AyPstaxt ek od  Ad FA=
WMA (Weighted Moving Average)Zh= Hlo]E] %%
AF 2356l w2} ARk o] F Fa A3l m A
Z8 AAS AR} gk

>
OE
o
4
o

907



The Journal of Korean Institute of Communications and Information Sciences "25-06 Vol.50 No.06

Grant 7|Hke] Aksk &= if‘ﬂ%%% UE~7} gNBell7|
SR 8A<& 3 &
Control Indlcator) HAA] S A ?}f_l’/‘r DCI HAJA]e]]
= 318k B = Grant AR, Ak 3= Grant RS £
3R=dl, UEE DCI vﬂ*l A5 FAIEE Foll 591 21
W dlele] 7S B 5= 9tk gNB= DCI HIAJA|
£ 59 AARke R H*SP— UE®] 42l QoS &7t
71w, ZF Alvhe] Lol wlet
uS Z8A 0w 28-S #slr] 913k Grant 7|4k
ek Ha 2AER) daEge] A=A vk

TH4]elA = o= 54 IPellA] thede] wlolel7}
dElo] Aol Iiat 2 jofe] EAlo] Whsh= 7,
ZAAA] WEHZ Aol gt 1A 7o V&
RR 2AERH A RUE RS 53HIP A8 S 5
& sleje] AHE 112 vigA7IE 7S Aldslsitt
¥, o]5 &3 dlole] szl ]l tigk 7| 3 &
o 36.4% "HEAIFCE =i{5]elA= w2 UE7} <
AR E o, 71| 8548 PF Al E oA v =
Apt 712 Qs 2k o] E7] oF= wAIE st

7] 918 %3t #12)=KThroughput) A4He- Zk4slsl=
PF 2A1ES ARBIGA. o] S48l PF 2AE= ll

Hlal o =k 93.6% 2] At A7k £33, UETo
ulz} & RB &5 =
Zt}. LTESNA A8 Grant 7]8F 2A1Z8 71l
RR, PF9]ell = 5G NR 3Esroll 2] tlofsl 2715w
A77h AleE . glek

6=t Exfjgo] 8} v =
3173l 4] D2D(Device to Device) ~E=|"2] 271 &
5 sl SlEl B ~Ege] A vles e
slo] ~ERle] B4 elgls 4 F 2AEH s
TOSS 71 Alksldey. Efj elg] el ulzt
Al FHRE FodAt AR 3RS FA9) EH el
active stream-scheduling L 2]Z-S- #-8-3}1L o|n]%]
2 " AEe 7ko xIAde]l Eﬂ]-ﬂ ;} oo}]/ql—‘__ Non ac-

T 2ol &

tive stream-scheduling ¥78]&5S -85k}, =z
e S8l teeF Ediellx] Ad chd o] Agkg-
S Zo|a Tt AA A AL A = A
Hwix, A8l AHAHeZ PSNR(Peak  Signal
to-Noise Ratio), ASECR(Average Stream Error
Control Rate)®] X FAel|A 7|& ~E2H dn] A%
o] & Hlrk

{71l ek eARe 2 A

[Esias;
= S8l 715e] viaRAe tiEe] 52 dHlolH ASE

908

87 AT AL S18E 2 Alo] K o)
24l Y| E$] H(heterogeneous network) H3 U2 777
ST, 2% Ale] Yo A Fe ol e Aol

(throughput)& S-735h= wHEoe] 54 ~F Al ¥
s} Eels AR 13k e AskE slEs] f1gt
7122] UA(user association) 27 § © max-CI 2|
=5 daElE 7o) A A7t S8 AMEAEe] A
94% +7%3= MRP(maximum received power)”|1}+2]
dae]|5g AHEte] A I EBarde] AE)
9\14. ol & d|As] fl8] 2~E Ao A4E ARALE
Z 2 A Eke uhs 7102 |5 cell edge user
Eo] Ak 7171 MCTS(Monte Carlo tree
search)7|9Fe] UA ¥z A8kt A A& o
522 cell edge user = Oﬂ/ﬂ Aest A WA
S HolA cell edge user?] H]:e_r— =UALE IF A
2J&F o] F7lskdrk oli= 71& MRP HW/] =o X
g F4E 73 UE7|F 543 AR4de] 124 & +
=25 ofmlshe F Y 15% 71419 HeEF S5
w3l
o|4F 5G Alvfe] LollA] WA= vl wAlE
Asp7] 2184 Grant 711 2AlE) dwe|Fe] oA
YA, tii-te] Are] AEE vl A e]l
AolE 723#] ¥kt o]ol] =E{8|oME = AR
3} Alehel] glofx] AAIZE A ddle]Ee] Fewrt A
2k AR A& 2Esle] Aols 53l AAIRE AEE
el ES A Ush= Al2wlS A, Aol7| 5=

B

ml

2] Z2] ZAl duje|E AJ-e] td ull, sicd Juje|E}
AR A 4 (¢)7Fe] A7F Fol 2 Aelsla AlE
Aee 7kshe bRl WS Alxlek, 2 AlA
2 B3 AR o2 2 EA Axw B3t e A7
Hlole] o] F83F AlRF diellH =35 & 5

dee elldsiadct
olell Aol #4315 913+ B> 2AlIEE A7) %19
3 Qe EL = (1]elE F Aol AR
(MAT) #AJol FF3to] Ao~ o] oHDHs]—— MAT
e 7} 2~A|Eg o] 71sskR] ol tigt o B2 AAsl=
74‘4] Zlefatdef. Ad 7hedt 2AlERlE 2] 218l
7 Y| EL]=0] ¢ <=3t ~A|=7] 4] (CSD) 4
xh-? Ak, o vEslze) A5, b o
g (FPM)e |2z A 8AMd A ARE AlAEte] Aol 7]
wle] ~#A|E8] EA|1S Fdsl] 93t o]=4 sula) Al
84 e Azac)
gl = 12]e04 s AFREARE 7HV2X) FAlellA]
Semi-Persistent Scheduling(SPS) dg|&o] ok w|



AA(BSM)®] QoSE "HE3HA] -8 4= 98-S &3}
of 7t 2lan ook ZHA el tigk BSM AolE #4315
o Axpx o 2 Al EHe S Fall AeF Hie] whE
22k Y| ES]=Z2] clA} Aol #A3}sh= SPS9| 4
i ook S 2S5 F S Btk

=E4LI5LI6L[7]0] Aljbshe ~AlE darelE
A5 YlEY=°] Throughput, Delay, Error
Throughput 53} 22 WE$ = | ZE FHHO=E ¢}
TR, gk A7 g HA ARE DR She
theket vES = ol EejAloldellA] AR AAA
gt F8Ado] tlS Axlell wet = [11],[12]9F 22
Aol & d7-5o] el Fofufar el spx]uL,
A ATEL ST F 9= 5G FFeNA Hlele] A
+ ATE ARE Z83ly oA ¥k dloly =5
S u, vloleE A ew A5 253k UEC
A AR 2R8E Fslar Aol Aol A a1
& s FHaskshe AR WelE 71 5 Qlck
olof] £ =Eoll A= Aol HEZH D dlole] AP AeE
<+ I 32298k Grant 719F A3 =2 2AEE 7S
A g5t gk

. a7 =

FH

3.1 HER= =€

B A21EL 5G 3GPP B3 3t AV & uire
tlulo) 2~ QA4S 918t A4S v 1km’t) 3
] 10°71¢] UE 91748 745 mMTCS 714 &)
[ 11220] 1709] gNBe} N/IZ 7435 UES AR
sar, 012 1km® W9 qollA] FAIgH) wal Ao
2 Wishs d2d $ud UESS] A% 8= o7 Ak
S FEAAL SRR Grant 7[HEe R AAIEHE T4

UE Maximum
mMTC 10° per 1km*

g
7 (r

ocooﬁ\w

[l
Smart  Smart Other UEs Smart  Smart
(Phone Watch Y House _ Factory |
UE

a2 1. 56 mMTC VIES= EEZX|
Fig. 1. 5G mMTC network topology

3o UESY] AFsF g3 &7 W3l AX7te s ~A1%
27} BAsle AE HRE g

3.2 A% 2l3 A7EE =g

5G NR-> Numerology 73S =3l OFDMA
(Orthogonal Frequency Division Multiplexing Access)
Aoz Apd A ~E 5-8]1cl OFDM Hloled
< of2] 7H2] subcarrier = v Ak 54S 714
 5G NRelX= ©]E numerology pell ™2} Time Slot
Zo]¢} subcarrier”} AFE8R= o= SCS(subcarrier
spacing) 7|5 7Pz o2 FAZo 2N AREx|]
QoSE WFAIZIIPL Time Slot Zo|7} W= Z1&
5G7} 7PHA <]l TTI(Transmit Time Interval) *2]7}
7Fsdke 2lmlshe, TTI= gNB 2AIE=7} 2l
ez ARE S92 ARSEIck weba] 2 AlEle] A
A A~ A2 OFDMA 2 A4 35}¢] numerology®ll w}
& 7HHA <l TTIS} SCSel| w5o] A3k =3 2 A1EH
<+ FYseE 3t

w3l 2 A" FAo R Wl Al §a o
Ak $5417171 918l Grant 7wt A1 ER] 2dle
ARS8, [21 219} o] UE= A 9= A &
84 A1al SRS gNBZ #43lt}. SRS v gNBE
A74%l UEES 2 &9 84& 9 TTIvk}
MAC(Medium Access Control) Al&2] »A|&E3 L
BjFor AAsta, 2AET BAel ke UES] #!
& $Ad9lel wet PHY 7132 53] DCI wA1#]
e = AdsleE gt oNBelAl Abek 33 59
W2 UET W24 w#fel] 21 A3E 243 ®1= vloleE
A 5= A ek

— o )

PHY PHY

PHY (Up/Down)link
Control Channel

Scheduling Request

DCI Message

Data Packet

= > ™o m I

T2 2. Grant 7]Hke] AFsE B3 ~AEE 2]
Fig. 2. Grant-based uplink scheduling process

3.3 25 A9

FH T AT=E T Y 7152 Grant 7MEe] AkeE 2=
27A1E5] WkAlS Throughput 34 2 Delay 74~ Sl
A5 ol s A8sdct AR 71Ee] A

(

[

909



The Journal of Korean Institute of Communications and Information Sciences "25-06 Vol.50 No.06

537} Amke i Hlole] A7) AE §719 4
wel AAE wAeA Eal, oeie dlole] 7L
A BTG Fa7 H4l Ang Wl Wedai
el A} AR, olo] sl el 3
Ve 1A417] $18) Aol Alzslel] Eqlalon] 4

Aol ket AP
Aolyp = Time, g — Time g )

[ 313} Ze] dlolE] FFle] AT AFHlA,
eNBollA] a5 718 $Al517] A71#] A= w71
Aol7} AlglA Aksgie). e Al Adgsi, o
Z12] Aol7} 2713} oL v H3& s Aol
thA] Assls #AS ukEglt) AR AAE S
A 2A1E27} HZ1] Aol Al E ZUE
e 2 ARSI 2 AIER S e
A FZapd o ARl AMEE fX]g 4= 9let webA
Aol7} & dlofElE $A2E A141E Igsh= Aol
7uke] ~A|EE] dae|ES wekslgit)

SRR $19} & ~AlEE] daE]E-S AA mMTC
o] F2el A F2 wslel FHebslohks A7) 9l

Z [e]

Aol AE 4= ik o]u, Aol 7HEe] ~Al1E=] A
48 A0S PP URZF dlole] Aol Aol
AN =15k o, A2 AR o] A

élt
o
X
do,
élt
e

A= =l HleolE
A4S 303 UBQ] A3 712E A E3 WMAS =
)

fud = [e)
3l il W] 2AlER daelEs AR Al

™ ™ Time Slot
[ I—

a8 3. 7 A 2 Aol digh Aol 3%
Fig. 3. Aol flows for packet generation and processing

910

Mo Aghe YT w WAsH du] AE s}
of frdshl 2o EY AHE Wel=g gk

4.1 Moksh= 7158 oERle| 7|72 S5

ARYel= 2AEH AA AN A3kt sk v E
22 7158k uk2]el WSE(Weighted Sum Equation) 2
UE?] Aol 3t, WMAE 533t Jei= 7535 5o
gk Fe 2 Ak TTIvR 2A1ES delss 5
A AL sdgich WSEol|A] AResl= ¥i4=q] Aol
o} WMA<= 217t gNBollA] [17] 4]34zte] Hlo] &=
=gk Aol= FA()E Wt AlkkElal WMA= UE
7} dlele] Ags 734 o AF 7hE] Fe= o)
2 A Hlo] B4 712 HeE F3 WSE=
T2 Ze] Ak

WSE = x* Aol o+ (1—x)* WMA  (2)

FA2)e} Zo| AArEl WSE = gNBe| 2A|E
& dae]|Fel o8 A g A S$7F AA =,
15 &8l AHds Ed3les sk ~AEE 56
[2™ 219} 2] DCI WA 1o} UL Grantsl UE=
eNBellA| dlo|e]E A53tar AlE ool wlz} Aol H
WMAE "lo]Eolx ¢idlo] =3It}

[2& 41904 HAIgE Ho]E<ll4] Aoli= UEZ} Hlo]
e A7 g AT 2AEE AAe] o] F
o\x)= w¢iel TTIVic} 14 S718kA] =la dlele] %%
o] s 12 2|5kl A& A Al Z71gich
B =old o A28 mMTC 3730|822 %
= UEEY] Hlofe] A 7171 o1dA 34%)s 2

3o} k). wela] %7)3kE Aol: UE7) tgoz

Granied @

o

Transmit Data Packet

NB
UEs ﬁ\ \ Update &
EE% Metric Table
UE Aol WMA Successful Reception
UE; 1 (Initialization) 2 (+1) 0

UE, 2(+1) 1 (Keep) X
UE; 4 (+1) 1 (Keep) X
0
[0

UE; 1 (Initialization) 5(+1)
UEs 1 (Initialization) 3 (+1)

>

UEy 7(+1) 1 (Keep)

T2 4. zelleld AF A firrel whE Hlols W ofd
o|E

Fig. 4. Update table variables based on successful or
unsuccessful data transfer



E2/56 oAl Aue] A nAs] 98 G 7] 4% P2 2AEY Sy

W eole] szle] AE] AR 1% R,
WMAE do|e] Kol AZald 18 2772 Al
& A R fAgk

4.2 mMeksts AAEE Z2H oFHUE
£ iﬂﬂﬁ Aljkehe 43 (a3 2AEE S
WSE ko] 322 UEClZ] #R8l 3 9419 Fefst
= HZUFe] et wby sAlER = A4
UEE2] Aol 2 WMAe®l tigh 22181 elo]&-& 7433
27131 & Jelo|EE pafsles vt =3k TTIvh
=2 WSE gt EHSP Jﬂgﬁ‘ A& o sz
Greedy 274 A
k= A= °H

W Zelck.

Ul

el et

1. HAHAUE 1
ble 1. Mechanism 1

Ta

Machanism 1. Aol-based Scheduling Algorithm

Initialization:
1:  number_of UE <- . ..
2:  Metric_Table <- Create 2D array with
[number_of_UE][2]
/I 0] <- Aol
// [1] <- WMA
WSE_Table <- Create array with [number_of_UE]
X <- ... // Initialized weighted
for i = 1 to number_of _UE do
Metric_Table[i][0] <- 1
Metric_Table[i][1] <- 1
WSE_Table[i] <- 1
endfor

R A A

Function CalculateWSE (UE_index, x):
1: return x * Metric_Table[i][0] + (1-x) *
Metric_Table[i][1]

Function SortWSE ():
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3: Metric_Table[UE_index][1] <- WMA + 1
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5: Metric_Table[UE_index][0] <- Incresing Aol
6: endif
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