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ABSTRACT

The prevalence of IoT terminals is increasing rapidly, along with the vigorous research of IoT communication
technologies. This phenomenon contributes to improving the convenience of people in real life. However, a
dramatic increase in IoT terminals, particularly Narrow-Band IoT(NB-IoT), is likely to cause a problem for
quality of service for NB-IoT network. In this paper, we measured the change in latency and uplink throughput
according to the number of IoT terminals connected to the same base station, and the experimental results
showed that the latency increased as the number of IoT terminals increased, and the uplink throughput decreased.
The experimental results from this manuscript based on the operation of real IoT devices could be helpful

evidence to make a good research for future IoT networks.

LM 2 A MENZE FHAA Aelale] ARES @

A7) SJek, AFEQIENIE tlakt mERAs] Pl

3 AR St e} Tge] A4Sl ol ZPssha, wlard AL mlgoz o] shssith

apaks] A5 olch AREQlEILE ALSAESlA @ Aol ALgAlEe] S5 AAsle] ALed 4 3l
© QIR AT ek APel) A Holslw, & AW sk

First Author : Semyung University School of Computer Science, answhd74 @ gmail.com, E}:§3]<]
Corresponding Author : Semyung University School of Computer Science, ksshin@semyung.ac.kr, %3]<]
= E 1 201903-018-D-RN, Received March 14, 2019; Revised April 11, 2019; Accepted April 16, 2019

# 3 olvs 20178 Al sk ajsteadT] Alslel ofa aEl Ayl
*

1188

www.dbpia.co.kr



=/ A ARElEY

2]

A S Zte] mE ASA A 2 AR A 85 34

|y

T Agspl sksse] 4kl NB-oT
(Narrow Band IoT; i AlE<lel ) tixAlql
AFEQlE YIS $]3F BAlZ R EZo]t}l. NB-IoT+ 7]
& olzEAle &8 Azx™ s}dvlLow Power
Wide Area Network, LPWAN)S #|%1sh= oo
AR Qledle] ZFo e LTE V=S =7} A1E4lE
vlg-o2 Wbyl 7|24 LTENA $4IMHzo] o
oI Z9 Alg5h=] Hhs) NB-IoTE 180KHZ9] tjed =
S ARggcRs SA0] glh AP 4w} wjg- o} 4
Az wiee] oA gle] AH871s3k, Small scaledl]
A3kl HEAA. GSM m= LTE%olx]
kbps ©]|3}] Hlole] A% 4=} 10 km o]4k] 3
AH| 5 XL AREelE YIS X|lshs vlES =
7} A ZA13hell = NB-IoT 2H= A28 %3] 2
23 o= BA] W ) bl o] Yl X9
o Hew AN 5 97| witelch AlAZ
NB-IoT+ 7|& U ESHZE S84 w2 #9& A
slal AE AR} A7) it = AR, 915 54
£ 717] T | Al AA vpe] 7715 Axshe
ZAHH ARERIE Al ellel] A3l

oro 2 FA%F NB-IoT ©Hir]719] Z7le} 34 &
Al Fsh= vlEsiy STk Ao|efl 7)x|=el| 14
Ei= NB-IoT ©H7|7} Rold 4% 7|2 50| Au|x
slofshz whde] 7t Srlste] 7Rl et 5
7hel) whde] Anla E-o] Askd $eirt qlep o)
E 98l 1€l Blda o g4 B4R, Mobile
edge computing'® 5-& 0|83+ A% bl A7 o
T7F A& gt 3L, 7]E Aol = A5 W
Ao tofd-S 7MEe & g A T8 Sl 4]
EdolAd A3} FE o] FIck NB-loT2| & Ast
o] AFA|qde] 1027} Hol® ZrhF A<e] 753k
IoT sHg k== Zo]7] wjitel] AlAl Fale)
oM o} A& Alell A7 ARl Al digh o
T7F HE53E Aok

B =rollMs o]F A whie] At HH oI
of ufe} FAlEAe] ofgA W3}sli=A] AlA| NB-IoT
LS 7R 2 A E FER, 22 A=l A
E]oJg)+= NB-IoT 5H#27]2] Session 7N} &gl
w2 AEA Ay} AgEla 2 Seke] wWskE Al
LR

nz 2

e 7RISl A9l NB-IoT wHi7]e]
Session 7lg=el wE F<EX]%d(Latency) <} A3k =

%1482 Uplink Throughput) S-S 28l v}2= %
< 3EE st A= NET Framework

6.1 7Hke] C# 7.0 oAkl HAWH o= AuEgl
3, v FEpeldE AES dAEHI] flEiA
TAP(Task-based Asynchronous Pattern) HFA]-2- Al-8-
stalth Latency =4 Zrell Aujel ZefollEe]
Transport Layer Protocol-= TCP Protocol & -7-&3}
9132, Uplink Throughput <7-> UDP Protocol & -
dapalet 23 1ell4] Rel= 47ie] FEleldlE
(NB-IoT Evaluation Kit Board): SERCOMM A}-2]
TPB22-3 NB-IoT Module®] HEAliEe] 9l=
Evaluation kitS Aol A3t

TPB22-3-> NB-IoT Z&EZo] 795 nes ¥
31st R 524, 3GPP release 13 = 7|HECZ release
149} 33k¥)n] F9157 Band 33 A3} Ade
a7 204 Bz wle} o] A A|=FgE Terminal
ApplicationS- 283101 Fejo]glEe} Fejo]dE A|
o] PC2] Serial USB17-& 53141 SERCOMMALe]|
A AlgsH= AT CommandE FElo|AEe] A% 3}
= WA OR Afujel Fefo]d EL] FAlo] o] Foxick
=4 dlolele] AAS Sl FLg Al 54
< 337, Terminal Application®ll4]& ms<t$]<] Al|o]
5 F3l LA FHdigk JAsIAc) =8k Latency =
AL A7l o7 SAAle|ng, Aniel S2fe]
E AloPCx 22 AHe] A7E 57]skste] 54

< H

o 2 J

7.

2 1. TPB22-3 REo] *3hd /futnc
Fig. 1. TPB22-3 NB-IoT Module mounted EVK Board

2.1 Latency &4

ZE}o| 1 E Session®] 7iGoll & Latency#te] %
7V AA F1sb7] 918 Agds #1e)sl3ic) Latency
o 2o wie] A48 Sshs Aol dole]

1189

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

Socket Connection with
NB-IoT Network Connection

Pl OE} Client
7 2. 54 o Aled s
Fig. 2. Configuration of Target System

AT Command

y
A

i[ifi]

©> o

7} SRS iy Aol Teshed] dEle A &
A3lsie}. whate] NB-IoT wWell 3143k Aol dlo]
E] A%52- 213 Random AccessS =33} 5E]
ole] Aol kmd wizlR|o AZkE A3 &
Aol Hegt A sl AusEs 753k
AL 17119 Z=leo]odE Session®] Latency E34-
B Al=lsle] 47)9] Eefo]elE Session?] Latency S
A3k GMT+9 A7k 715502 1AMe]| AJ2t5}ed]
2AM FE7HA] 7] <k A7 71 Ags Fal
Latency3t-2 S4313ich

NB-IoT =27] 75l u}e}, Latency SH- & 4
71A18] AAEhe 71l Fele]E /i Latency
A4S A2 LAk AAA| oA S ©
o i gAe] AAlelct. 1=|a, 27W, 37Y, 4709
Feo]| A EE FAlo HEAA Latency 5742 %13
3loick Latency SAHH-> 2 A8l 19 3(a)
oA Holi= FA Aol AR FUg Sy

Create TCP socket
and connect server
Create 2 byte string

AT command
to send String

Create UDP socket
and connect server
Create 70 byte data

AT command
to send data

[e]
1 minute
elapsed?
Yes

Disconnect socket
AT command

No

Receive 100
Acks?

lYes

Disconnect socket
AT command

(a) (b)

3% 3. Latency 2 Uplink Throughput 274 T4 %=
Fig. 3. Flowchart for Latency and Uplink Throughput
Measurements

1190

S ARgslgict. FelelddE Aol PC Terminal
ApplicationollX] AT CommandE- ©]-8-3}¢] Zajo]al
EE TCP &A1& o] 83l Auje} 7S Ajzic) 92
o] A3sh, A 2byte?] EA Ex}4S 10071 %
ARAAAN FHAZEL FElo|dERNE] 2ARE 2}
Ao EAAZEE 7|83 &, 2ole] HiE AXlsl=
o2 EA3jdck o] uf, 7} dlele] A% 7k 74
2| 231A)7) 51, Idle AFelellA] AR ¢ QlEE &
Z¥el] 1022] 7+4 A& sk

o5

o
|

F

2.2 Uplink Throughput &8

IoT =H7|dl] AZ= 7} Sensor?] HloE], 52
A 7] AeE Aol HEshs A2 [oTAIR] 2~
o AAlAQl 7lFolth £ =ieMe FEldE
Session?] 7l]=el] w2 Uplink Throughput 314~ &4}
= A Rl 918 Ags zlaEkdnh EielA]
At AR A IS 5ok A1
7Ne] Zefo]olE Session®] Uplink Throughput 23
FE] AEbsja] ZH o) 4702] Zeto]dE Sessiono]
Alell <3+ 74-9-9] Uplink Throughputs 333}
k. GMT+9 A7t 71F22 1AMel| AAsle] 2AM
FR7HA 74 oF 147 7FE AfE E3l Uplink
Throughput#t-s 743}t

NB-IoT &hd7] 74l we}, Uplink Throughput
42 F AR UrelRe BE S ¥
3(b)el 22 Tt S S ARSgith FElollE
Aol PCellA]  Terminal Applicationol4] AT
CommandE- °|-43le] Fejo|lES UDP &AE ©]
43le] Ao} AAS AZIch dAe] Agshd, A1
= 70byte®] 54 dlo]E]E 100 ms=HE =2 A=HAIZE
715 1 E]E AlES] AR AEAZI) AR S
e AdHeR ARl dlolee] g oL
Uplink Throughput-3- 438153t}

m & §

Latency 2} Uplink throughput2- 34317 2|8 A1
3 Band 3 (1.8MHz)oll4] E=bsles A=l o
v, whe] Tx powert 20dBm, THdo| F2ksk= ol
32 180kHzo |t} AFe] o] FolA|= &<t 4%
%= 74> %7 RSRP7} -89.8 dBm, 3 RSSI=
-82.0 dBm, “12]3 7 SNR- 20.6 dBO|th

3.1 Latency &8 Z1} U 24
I3 4= gl Aee] 7)ol whE Latency2] W3}

www.dbpia.co.kr



D704 sk bl wE A4 9 ARz A4 4

A

N

= BojErh ERelA g SAES AR8ste]
A EellA 32 7125l 7= o190= NB-IoT &
719] Session 7H57}F Eo1E5 Latency#ke] S713
2 i) gt 3k A7) 9)E uw Sele]dE )
W o34 Latency 54 23 3k ot F 7S 283t
o] LatencyE 343 3h& AHHR 22 zpo]A|qt
238} Latency 5717} #l=dct sk g 4=
7 A 95 vl F S HelA] fsich 3719
Fefo]dEE AME-8| Latency & 34 A3E vl
s g R wje} nlasie] 7 N we] SES
5% 12%74] S7kstsdar, Al NS etk vl arsle

=4 whehe A9)skar 21%olA 50%7H4] 2718}

wlel whgal 9ok 7o) shto] A4S o
el T vshich 10
% P 152% 571 39 22 13.6
W otk 131.9%7} -—7]-6]-03\:} whel ok
785k a7l =Rk S ASS vlas a7 A7
71 ZEleld B HA 94 ms ollxFE 7 24
=7)3k %E}O]‘Z*_E-J La tency 1088 ms 7} UH—?—
3l 4= 213tk Latency =

AellA= dlolH Zd Fom ‘d?ﬂ tlole] AEHAd
(NPUSCH: Narrowband Pysical Uplink Shared
Chnnel)®] -2 Qg A5d3ls FH4sslr] I8t
o #A9| dlole] 7|5 A&3te] AFY7] wlel,
Latency2] Z7}= wh#o] random accessS Ghsh=
st hE= AAANE(NPRACH:  Narrowband
Physical Radom Access Channel)oll4] Ao A]=]2]
overhead @ ¢lsle] F& WA 7107 FAcislc) A
ks wHe] Gl Eoldrs AAe] AldiA

o

xR

m&

18004 [ Device #1
[ Device #2
[ Device #3
[ Device #4
__ 1200
(2}
E
>
o
=
]
@
-
600 o
o4

Number of NB-loT Devices

a2 4. NB-IoT T#7li5ol| w2 Latency 3}
Fig. 4. Uplink Latency according to Number of NB-IoT
Terminals

Latency V1% =3 7%= 718 gelsisivk

3.2 Uplink Throughput & Zin} @ 24

a8 5% whd 75 w2 Uplink Throughtput-"f]
W3S wojEo) b =1 348 Latency =33}
501—5],71] = p}q_l—v_o] z\jﬁ:.z};\ll__ o_?_e ALJ%E_L
ARG el 5 MITIA SAEch 2l
chakel 73¢9} wlaate] ghito] Y& A7} FAlel A<
32 uj Uplink Throughput«] ZAogs v 14 o
2 50.6%, 2 T 12.16% 7} 7Aasisic) £A4)
FHhhl Al ]l e dd el Age} v
sfo]  FHa 35.13%0l4  FHW 54%7F4] Uplink
Throughput"’] Zrasiict b vl Ji7) FAlOl A<
B wh wE ool et hastelon], 53] o
o whiel 7399} nlwsled 19 v 67.3%7F A4
Flck
Throughput 32| 7395 4 T2 EZO] A|o]
S eR Qg S Hislslr] sl dlolele]
=715 719171 wiitel]l A% EZ(TB: Transport
Block) 717} AR AL o] & Fall ghie] Aol vl
o] TB7} AH82 = gt} =3k Alofrke] o) ujz}
H]—.BL :9;]_/,: TIB‘]— lﬂ-a]_}ﬂ Ea 9\} ] 1 o:];ﬂ /\13—] 7—]]
olzel] tiste] vl whttol= FU3AIRE % *&3}*
TBe| K5 =3tk <|gA Sl TBY I
NPUSCH 7Rl vhe] whaa) F-fafja AR8-3 “41,
Uplink throughput®] 745 ZshA] = 7o} A
e B3 A AHEse e shar S
u}2} Uplink Throughputo] wi-$- 743 &heldh 4=
=, o= FAlel AL W] vt wEsT
5 FiaFo] v AA 4 olvkes AS ®oErh

(

o

r{r

1500 [ Device #1
[ Device #2
I Device #3

[ Device #4

1000

500

Uplink Throughput (bps)

Number of NB-loT devices

T2 5. NB-IoT 5H#7l4eol] w}2 Uplink Throughtput 3}
Fig. b. Uplink Throughtput according to Number of
NB-IoT Terminals

1191

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-06 Vol.44 No.06

N.Ed B
Al o] R4 Ql wheta) BgstE Qlslte] vl
Ef=z B FA S8 Zlel) & \_—r°ﬂ
A= NB-IoT &S o83 A3E F3lo] 22 714
ol d4=e] gl NB-IoT 27| 7l whe
Latency<} Uplink Throughput®] *3}&5- Al3]-8- £3
Bolglth & 47le] D2 A Al8sisl Sl
% B-938k3, Latency<} Uplink Throughput®] =%|2]
W3} 7pA A o2 SelEgick hadhd 4 x|} 4
Hel whe] FA LSS wE vuAS W,
Latency+= #4x 13.6%l14] Zd 152% 7] 71302,
Uplink Throughtput> 9l 67.3%7} Z14=3l3ivk
NB-IoT ©&7]9] 43 Z7k= $4 Asts oA
T e AFE -l Eelsisick A SrE o]
43 AA Felxe] AY Adbe 5 10T HA
g ellx o] AA53de S13 Aol SAREEA
4 gls Zlos 7=

(

lic] rﬂ

References

[1] Y. D. Beyene, R. Jantti, K. Ruttik, and S.
Iraji, “On the performance of narrow-band
Internet of Things (NB-IoT),” 2017 IEEE
Wireless Commun. and Netw. Conf., pp. 1-6,
San Francisco, USA, Mar. 2017.

[2] R. Ratasuk, B. Vejlgaard, N. Mangalvedhe,
and A. Ghosh, “NB-IoT system for M2M
communication,” 2016 IEEE  Wireless
Commun. and Netw. Conf., pp. 1-5, Doha,
Qatar, Apr. 2016.

[31 S. Seo, E. Shin, and G. Jo, “Trends of
NB-IoT,” Electron. and Telecommun. Trends,
vol. 31, no. 5, pp. 11-16, Oct. 2016.

[4] 7. Lee, K. Lee, H. Noh, and J. Choi, “A delay
analysis of NB-IoT,” in Proc. Symp. KICS,
pp.- 978-979, June 2017.

[51 A. E. Mostafa, Y. Zhou, and V. W. S. Wong,
“Connectivity maximization for narrowband
IoT systems with NOMA,” 2017 IEEE Int.
Conf. Commun., pp. 1-6. July 2017.

[6] H. Guo, J. Liu, J. Zhang, W. Sun, and N.
Kato, “Mobile-edge computation offloading
for ultradense IoT networks,” IEEE Internet of

1192

Things J., vol. 5, no. 6, pp. 4977-4988, Dec.
2018.

HO

Z @l (Jongmin Moon)

201411 3L~ : Aot
ZAFFE R sl

<ol AwFsl BAY
g}, qt]= A8l

— -4

'_ﬂ' [ORCID:0000-0002-0534-1045]

Al A N (Kyungseop Shin)
2011 1% :KAIST #17]
ARgE AAL
Yo 3T 2015 1Y :KAIST #7]
i ZApgE) vkl

N/ 2015 2¥9~2017¢ 8Y:KT
‘ s - Saled el Ta
5G TF A7

20179 9U~A : Al ehetar AFe S 2us

<A Fol> A o] 5EAL ToT YIES=, FAA
=g Eend

1o

[ORCID:0000-0002-3867-1921]

N

N

www.dbpia.co.kr



	협대역 사물인터넷 환경에서 단말 증가에 따른 전송지연 및 상향링크 전송 용량 측정
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 실험
	Ⅳ. 결론
	References


