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Abstract

A major issue of machine type communication (MTC) is to serve a better coverage enhancement with low-power
consumption for Internet of Things (IoT) devices. Due to the restriction on total power allowed for transmission, it is
necessary to estimate frequency offset in low signal to noise ratio (SNR) like as -15dB. In this paper, an improved
frequency offset detection scheme is proposed for low-power IoT devices in the cellular-based eMTC system. The
repetitive character of the physical broadcast channel (PBCH) symbols and the channel estimation based weight are
considered for the improved frequency offset estimation. It is demonstrated that the proposed estimator is more
efficient for coverage enhancement of eMTC devices by computer simulation.

Keywords
IoT, LTE-MTC, OFDM, synchronization, frequency offset

* FUHAA R |2 AFHd oA EATFAE - Received: Aug. 21, 2020, Revised: Sep. 14, 2020, Accepted: Sep. 17, 2020

- ORCID': http://orcid.org/0000-0003-2203-2460 * Corresponding Author: Sung-Hun Lee
- ORCID% http://orcid.org/0000-0002-2422-7838 Dept. of Intelligent Wearable Research Center, GERI, Wearable Center,
- ORCID®: http://orcid.org/0000-0002-4831-3212 350-27, Gumidaero, Gumi, Korea, (39253)
w LA R EY A 5E Yo HEATAE Tel.: +82-54-460-9067, Email: yajung@geri.re kr, leesh@geri.re.kr
(ATA 2R

- ORCID: https://orcid.org/0000-0001-6700-2818


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2020.18.10.69&domain=http://ki-it.com/&uri_scheme=http:&cm_version=v1.5

70 AZ ] eMTC A 2dd] A3 5718t o4 34 714

. M

ru

56 4 B AEER 7€l Aol oid 7]
E9 4G 71wl A EHE FEE AEEAY 562
mMTC(massive Communication),
URLLC(Ultra Reliable Low Latency Communication),
718]a eMBB(enhanced Mobile BroadBand)eh= 37}
A HFE OY AR AUgeE A,
ITU-RIA A3t 5G T4l A HlolE A% &
5 20Gbps, 4 HolE A% &5 1Gbps, 4G tiH|
sEy B84 3 37h 7R 08 F247)
7] 9l loTe] 924, 94 BE e 10°/km?,
Imse] S AQAT B G A5 SR
o QFAFE BEA

LTEMTC A28 mMTCE 183 o] F5AI%

T

Machine  Type

Y
>
%0,
<

(o3
o
ot
i

SAZ 7€ 4G "EA TS38211-
TS38.215 EFNAMAE theFdt numerology #S 7|
gro g Zyzke] B4l AuE Lo Ayt A =
A 7xE A & Ave Aotk 56 =Y
FolA+ numerologyoll web FukEugt 1A &
o B3] gho] Ao, Fub AEF o]
9 AdolA =2 HolE HE £=5 BHAs] 9
3l OFDM(Orthogonal Frequency Division Multiplexing)
9 SC-FDMA(Single Carrier Frequency —Division
Multiple Access) B3 ¥-2lo] &)= QI Th3]-[5].
T2y OFDM 7I8E F4l Al2Fle +8 Bie
ZA A Y Faa 5718F QAo gk Herg e
Z Qs Z4 N 2"le) Adse] A At 2 Sl
olF sjAsty] AT B A7 APgEYeH, F
718} Ax}= =A pre-FFT (fast Fourier transform)}
post-FFTE W= 4 UTH6][7]. pre-FFT SA A=
STO(symbol timing offset) % FCFO(fractional carrier
frequency offset)S] F4 9 HAo] ==, o
dAY] 5718t ZEA|~E OFDM AlE $o R &
AHE 8k REFRES o &sto] 1ds] 5713t &
AE F4E F SlTh FFT o F Fak4 d9olAe
IFO(integer Frequency Offset), CID(Cell Identity), W
A&A Fol9lE  RSTO(Residual Symbol Timing
Offset)2} RFO(Residual Frequency Offset), 1|3l
SFO(Sampling Frequency Offset)o] gt 57|38 =

N2g TIP3t AgetA BAEA %L RFO,
SFO ¥ RSTOY &Ale 4l Az s 34
A7|B & olg|3t 5718t ex} 22 OFDM 7%t
FA7INA m$ Fa3k @it & 4 QUTH11].

olg|gt 5713} @Al= 72+ Al2ElY FEEo] A9
#  PSS(Primary  Synchronization  Signal),  SSS
(Secondary Synchronization Signal)®} 22 718} Al
SE o] gsto FAHAL YUtk olFFAEE o &
3= LTE- MIC AlZEloAE 5419 Z7]o] Al
gA Hatel 5713 dakg gtk MTC tHpo]
25 ZY 9 Elo|ie F53kal PSS U SSSE ©
Aste] CIDE A sfofatm], A &4 Zg2A 2~ &
F AFAQ ZNA=HRY AAES H3 FaF A
£ 7Sk AA s oFgheH 12][13].

Ty B AZES AFYlA FCFOS
BAgs FHog <ls) RFO7F LASH=E Ao
otk tjEo] MTC Hulo] A& - 15dBY 22 @
< SNROIA Z5E7] wiEo] RFOS &A= 4%
d3ts THAZ Ao wEbd AE] RFO
tracking 7]&-2 A LTE-MTC A5l 83 4
& ¥ B =Fdie olFAEE ol&dte
LTE 7|8k eMTC A 2H18 A5 FdAI717] A%
57138t dag|ES AgHet). LTE 7|9 eMTC Al
2H”HoAME FFT Z7], &8 R34 =)
duplex REE$ 22 HAHRE 93 & PBCH
(Physical Broadcast CHannel)”} AM8-¥IT}h. £3], CE
(Coverage Enhancement) At 73
PBCHE WHEZAQl F2& 7HABEE T3 F7|3
of AR 4= Itk PBCHOl EAlsl= 54 A
HAvin wHEE o] AEHE S48 RFOS| 4
FAE 7HssAl gi14].

=
LA=R=s

i e tb o

2 ERold AYss RFO 34 2ndEe &
4 A2 QA W A5 PRCHY 538
og3tel 4B Y4 AYOH RFO 74 A%
2 PARon, A 2 el AEAE
FoRH Fo4% MU o)y e PUF &
He 2T B =RIA ALR APHe A
B4% 293} 2o A9d slolg Adeld vl
3 mEHoln, |Z JMHT Yol $rdTHE
2e AFE ABHOINOE YF



Journal of KIIT. Vol. 18, No. 10, pp. 69-77, Oct. 31, 2020. pISSN 1598-8619, eISSN 2093-7571 71

1 Frame
Cramel T
#9 #0 #1 #2 #3 #4 #5 #6 #7 #8 #9
EENRENNNENNEEEEN0N. RNaB0REE
[ [l CRSAP3, 4
H [ pss
I | l H [] PBCH Symbol
T T T

1stRep. 2" Rep. 39 Rep. 3¢ 4t | egacy PBCH 4t Rep.
3% 1. FDD ZE0f[A LTE-MTC AlAEle] =Zgjel 7=
Fig. 1. Frame structure of LTE based MTC system in FDD mode
B =79 I#AE LTE 7]5ke] eMTC Al 4714 5, CFO, A, =1/NT,, @ & 18T A
2o ok AgS sta, MANA= 71€9 RFO 2 hy(n) & ﬁi Ade] oAt dEx B
715 el ATfstH, VAoA W SNROIA] 2E ulEta, w,(n)& AWGNS ofujdith 41
= E$HO2 RFOF F4T & A& /NS 4% JldA Anss1s et %w | 24 0w
gt} VAN HFH Algdolds o83t 7]& H =3 RoFzto] AAENS W, FFT o]% F
2 A 7] A vuwsty, 2E8ES 2erh g FollA 1A AE kﬁWH FRkgato] A
9 25E T3t 2ol ek 4 gtk
Il AIAE
LTE 7]¥ke] eMTC A]2Elol|A] FFT Z7]7} Nl Ylk) = B k) X, (k) S ®
OFDM”]E%/]ILE%?&% ]UH IFF]T101‘Ey *ﬂ!‘ s A
o] Ay Al B0 Huldnl &
ol 3 %ﬂ Fup7t Ud" »}EME} *‘xﬂ OFDM
/2 . T A UE &9 6.9 6, & E‘Qd =5 7
) =, 2 KB O oy spgem, o 28 BRlAH B
5.A/18 Aitste Lt AEY FaeE Y
o] 7] 4] ‘Xl(k)"L—; T oggﬂ]oﬂ/ﬂg] 4 jx\li, o] 55/Ts:(5cAf/fc)fs7]- QU:] 59]. (5 = 2o
z,(n)& AL oA FA AsE 9n|gitt Zvo] %¥E 2= 9th
AE F7] T=(N+N,) 7,013, T,& YolF2E
&5 U AEY B, VT o8 REE 5 04 A @
ougtt 4 (1)¢] 257 AWGN(Addtive White o fAeA fof
Gaussian Noise)?} TE4AZ Ads FTHT o %
CFO%} SFO7F EAIZ A5 FA7IA 9] 4 A B =E2 FFT o|F "olsle RFOE FAs=
BE 083 o] vehd 4 gl e e} ther) el 5, WAL, pre-FFT
A A STOE HElstAl F A= AT 7HE 3tk

(TL) ej27'r(5,{Af’n,T‘:

yl(n) x, ®hl(n)+wl(n) 2)



72 A79 9 eMTC A"l 23 F713 24k +4 719

. 7[Ze| 7%

LTE-MICE CE &5 A ¥st= CE mode A%
CE mode B  7HA 25 RE=7}F 31tk CE mode
Av AT T2 AR e Adse AF
BoolH, CE mode Bv oFF Z& 7AWeA 4
< AYsh= REE AoHh LTE 7|9 MTC A
2HoAe 5718 AAE dst] @ F718 2
2 CRS(Cell-specific Reference Signal)7} HEE T
stARE CRS+ &718F AAE 371 1 471
HEstn g A3lelA] @O, decision direct 7|
HEAND g o B ZoA e olgs ol &% V&
o 715 71 Es a7t

3.1 CRS 7|8t =X7|&# (Conventional A)

LTE7|9Fe] eMTC A2l CRS& ARF 9 F
g GollM F7)H oz Aol AEHT). CE
mode A%4= PBCHO| ¥HEZFo] Q7] W&ol F
g Ak 457 Hd CRS7F AHEE 4 St
[15]. #(k) = H,. ,(k), QT CSR &3 3
D 7S W, F A

&
bl
g Ue 2o 289 & ok

= D o 2 G ©

o7]14 ¢, & 7} OFDM 4l&d $l& CRS 4t
AL oujsta, P AetAg0l Dol 74 AE
AL ouistd, Nn= P A, argl - J
e o #E T3 A% T gl AT

g o] 7FSAE ojuRit

3.2 Decision direct 7|8F =X7[# (Conventional B)

Decision direct 7] LTE 7]4ke] MTC A|~H
oA RFO A< 3l A2 5 Sitil6). o] 7]
WS o]43 RFO 4 42 a3 Zo] sd"t}

> N
= SN ND, Dblz Y. G(k) @)

ER[EEC

carg{ G Y Y Glk)

)

Ck) e T3} o] Yehd 4 itk

1 = * = 8
C(k) B ®)

- Y, (k) Yiip (k)
X (k) Xip
C={k| -N/2<k<N/2,k=0}% PBCH Al
o] g FuEml, pE AEHEe Dol
PBCH AEE9] A, N A AT, X (k)&
FHoZ FAHE X, (k)5 v FTh

=
7}
o

V. Hokel Z|™

LTE 7]%te] MTC A]Z2=Hlo|A CE mode BE= =
=2 Rk ANEA AEHE 7H UE 34S ¢
3 AHE 4 glom ®o d4E RFO 4 719
o] A=k Fart vt olHd WA LTE
71Hke] MTC Al2Elo|A PBCH 4lE9] HHE EA
S o] &3 g RFO 4 7S Attt CE
mode B7} HEHAIE Wl 7 HHOE AE
2 4 Q& PBCH AEL Aol sH9] HIEH:=
B2 o] AYso] o] ok p, AE
A0 2 HHEEo] M4E= PBCHE |48 RFO

N AL o of



Journal of KIIT. Vol. 18, No. 10, pp. 69-77, Oct. 31, 2020. pISSN 1598-8619, elSSN 2093-7571 73

R(k) =Y, (k) Y, , (k) (10)

P AEDA DE 2= 7 PBCH AE59 4,
NE PAS A 1K) £ AR et 2
<

H AR s thest ol e 5 ik

I (k) = H/ (k) X (k) , (k) (11)
eszw(a‘. +k6,)(IN, +N,)/ N
+Hy, p (R) X, (k)1 (k)
. 63277(5 +k5,)((I+D,)N,+N,)/N

*

+Cyp (k) G ()

a3 W (k)E AWGN A& E Tg3} o]
A9 % do
W} (k) = 5 (k) X, (k) Wy, ,, (k) (12)

e*j27r(5(, +k6,)(IN, +N,)/ N

FH (K) X, (k) T (k)
. ejzw(a +k3,)((1+D,)N, +N,)/N

1 (B) W (k) + 1 (k) W, (k)
+ W (k) W, p, (k)

9914 PBCH A& wtEHE 7|3t 5% Ad
grol A9 dAsita spgFen, po wWE
PBCH A& As< 44 7% Uy dde AL 7
$ RFOE Buh B¥stA AT 4 A =HH, F
T T e 2ol 88 £ 9

0= 5, (13)

£
N

14 Ne EE Dol W& PBCH A= Ao 7

V. Al=2[0[Md Zt

Monte Carlo AEE& o]&ste] B =Fol|A At
# RFO 4 7MY A% H7le Tdsith A&
gojAiS 93 1.4MHZ«] eZy 449 ¢3 1

& EFY4e] LTE-MTC Alz=glo] 1=k
T3 f.=2GHz, FFT 37] N=128, §4t
A A, =15KHz, 183l ZJAY AEE

¢

=
r_}LA'L

—zrﬁJr—’F 1/7T, =1.92MHzE 243t} SFO
Hgsgon, dgdt #7L 1T Ak
WE 98] extended pedestrian A(EPA), extended
vehicular A(EVA), extended typical urban(ETU) ‘g
Edo] 1 HYTH17].

Zy Ad 24 delay profiles ¥ 133 2o,
e ol5AE Zhe MIC UEE 13ty =&Y
FUFE 1Hz2 A A

B o b

fr o °l~>

—~~
BN
=

i ﬂllﬂl oY

=

E 1. [TU-EPA g =&
Table 1. [TU-EPA channel model

Path Extended pedestrian A
Excess tap delay (ns) | Relative power (dB)
1 0 00
2 30 -1.0
3 70 2.0
4 0 -30
5 110 -8.0
6 190 -17.2
7 410 -20.8

E 2 [TU-EVA g =&
Table 2. [TU-EVA channel model

Path Extended vehioular A
Excess tap delay (ns) | Relative power (dB)
1 0 00
2 30 -15
3 150 -14
4 310 -36
5 370 -06
6 710 -9.1
7 1090 -7.0
8 1730 -12.0
9 2510 -16.9

3 [TU-ETU x4 =¢
Table 3. [TU-ETU channel model

Path Extended pedestrian A
Excess tap delay (ns) | Relative power (dB)
1 0 -1.0
2 50 -1.0
3 120 -1.0
4 200 00
5 230 00
6 500 00
7 1600 =30
8 2300 -5.0
9 5000 -7.0
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