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ABSTRACT

The synchronization is one of the important issues for successful operation of femtocell. The synchronization
of femtocell is distinctly different from that of larger wireless base stations in a number of important respects
such as 1) The femtocell is located in indoor environment which may make it difficult to receive the adequate
GNSS signals. 2) The backhaul of femtocell is connected to the public network which may have more PDV
than private network. 3) The entire cost of femtocell needs to be very low. In our thesis, we investigate the
candidate solutions including AGNSS (Assisted GNSS), NTP (Network Time Protocol), PTP (Precision Timing
Protocol) and Cellular Network Listen for indoor timing solution. We propose the AGNSS-PTP Hybrid scheme
which can improve time and frequency quality by selecting the better reference between AGNSS and PTP, and
cover the standard status which are under discussion from IEEE, ITU-T, and IETF.

I.M E o] whs} o174 -% e, {18k SleiA ErellA

L78hs AREE e TS Aol & W of

it olseal AlaEelA 57 F52 7= Uzt Ao ulel Rakal A7k $x|5b7] st
RF(Radio Frequency) &7} gtEsflo} sl= 7]

GNSS(Global Navigation Satellite System) Sl &

= 9lol= 7|A 7] A= 2w (Handover) S $13F ] 719 Aakgk )ak|ol7F D aslth CDMA, Slolrg
$3E Alreshe SRl del el 7 551 28 o[ 5EA Sl ] A5 $lsid

* LG-Ericsson CN_R&D) Access Network® ({paul.kim, thoon lee, junhyo.shin, seokjong.jeong} @lgericsson.com), (°: WA1*| 2P
= HF D KICS2011-07-290, Al 20114 794 13, FHE=wAedzl: 20114 129 2

1611

www.dbpia.co.kr



24183 =] °11-12 Vol.36 No.12

GNSSE 57]%(Reference Source) o2 ARg-af 2 Hl
W, WCDMA 7|42 SDH/PDH 522 Z7|% o
/H 7(43'21—‘6‘]— _4_5,\_34 =35 ]_oq 5—.7] o7 EE]— 3]] (23
t}. o]5EAlel vla® A 72wt vh=A] xDSL,
Ethernet % S7|¥#] %2 UJEHIE W&
(backhaul) = AR&3h= F2d 7252 AW 2 °ﬂ
A=l BEAL 71k u) £r] = uhiel o
ojx] F83k o] Al7I’Ich ool ik HJ‘”JBE
AGNSS(Assisted GNSS), Packet Timing (NTP :
Network Time Protocol T+ PTP : Precision Time
Protocol) T Cellular Network Listen(CNL)el] ©f
g A7t o] FeA AL slont HEA F]R|Se] o)
= AW 3, AEA 7ASe] ddEE Ve =9
EA 2 T iR VA =e] IA | we} 22
o] 71eEo] afre] A, S TR sleA] o F
o1 7Ex 9 digte g RS eow ol
oF 2E2 FAES kAL olvk AA, AEed VA=
| A2 8ue T2k dubdor Ay ghdolz)
ook AW #Foleh= 5942 GNSSAIEE
43 57] E50] ofzE ale] ¥} 531, GNSS
37F A% =2 501 v A 2 AR <lg o
oi(multi path)7} BFAIEE B ozl Algjel] gl
T A7) 24 BAEE ko] == GNSS 4
AsE FAlsk=d Welagles R8st =
, AEA 7125 vhfgt U= Fel AA=w F
7] HA] 94 UEAZE ARl 7 2 AL
5 a] oA F& AM-eh= U EY T Ethernet53} 7+
o] 571 HA| Lﬂ EQz0|ung u xpAl|A] F}
o} elo]n]-S 23 4= ¢l EthernetollA] 5—7] 3
55 9J3 Wieke® AokEl PTP =& NTPe} %
Packet Timing Z2EZ-5 v 49, H712] x|
(Delay) 2 #|sd -5{(Packet Delay Variation:PDV)
o] WES = Ba}, R £ vEYZS YA
Lol e do} HENZE SAFelE Zo] o
< W olz}, Tkt 9] FZ"(Public Network)
< Jefddehd o ofE el Al ksl "ok Al
A, AR 7|25 AR F7] F52] PAlelA 2
el Alghe] Sk &, viazA Z]A] =) wlsl v
W ol HEd 7111%01 A 8oks 7 3t
oAl 7] E5 wte] are{Eofol 3=t Packet
TimingS AH8-3h= -4 Aol 8=kS st
W ol AHE A 837] 9lsle] CAPEX,
OPEX H|-go] AEA 7|x]=2] g2 n]gsle] S5k
}. H];;H H e 7];(].;{-9,] 98 EHdowg HH]/\ &)
$](Coverage) Etl] U AJv]2 S=KCapacity) Sl &

o

fr

()

A

=

~N _l\'
N ofN ¢
N

T rlr

::'4

rlo K

1612

We BF aEdlel ks WAV A€ok 53,
CNLE 57| 5 ke AHgshe 749 Aule
9 ) HAor FEA FAFS FE3hes el
oA T v 2A sA o2 NE] FY] AlSE
53 4 gle Alekxade] AR 4 ole Aol
Sick

Aoz B =iolxE Al 7] 54
3ie14] AGNSS®] AL 2 IEEE, IETF 2 ITU-T
o4 == 9= PTPS} NTP3& %E3) 24}
3}-5- A W 37 Femto Forumol|A] A|gF 2 =2] &=
7] & rEEe zl e R 1}1——5], A} f‘;l_r/]__ w
g, e 7111%011*14 wrl 93k 5] F5 ukk
© 24 A|ekslaral sH= AGNSSe} Packet Timing 3}
olnzl= 7]%e| i) oS AW slaL ok 7l
R A i e I i ] A LA
LTE®} 7o HEA 7]x]=2] 877} Soi=ar o=
Fololl dl 7% s $Jsl] oA thFelok
Sz Wgell thsle] 7|estaat g

II.

|=t|

=5 53

2.1 OIZEAI 7|20lke] 27AKY

O BEA A|ZelollH F13H AgAel S5t
A 1A A AE AT 99 Dag

e F9) shele), olejdt B8 T o B
Aol 7 FaHE 2tk AR, A A T
S5 ATFoEM AW A AN PR B
Moz ALgT & QA Wk ol ol A SN
Th= A3 Aol WAEHA] okwE 7t 7 1*]%‘44 T
g dos sl Hlek o] ), e Tk
o] At gom ZHls FH4sksb) 16}04 A
7A= TR Tl 7HAS 2A] AR = Hel gl
o, o]= AlE 2R dulE 2AFE ¢ olvk =A,
o] whdo] o]F & 1A A (Cel) 22| fredstar 4l
4 sl d=en7} 7hssiAl ek 2 7)#]5e] <l
g 71A =3} ST 17F o] FARA] Goma] At
= ezA (Offset)°1] 23l Fl=omn Al uwlZ
Throughput 3} $-2 Call Drop 59| £3} #49]
#at 2 P onio 1“46%: A 7= A=
2] g 2] A7t st Sl Al dRke s
A s AR S e 5 glek oleld 24
Aes WAsh] 3l ol 584l Alzdelds Tk
2 Qabel] gt QAERS e BFEo B wAEla

slem, ol & 13} 3 20l =AFC] gk

}:o

www.dbpia.co.kr



=i/ WNEA 7R T 7] 352 913 AGNSS-Packet Timing slo]He]= %33}

E 1 olEEA 714 ok 4HE a7
Application/
Technology Frequency Accuracy
CDMA2000"! + 50 ppb
+ 50 ppb (Wide Area BS)
+ 100 ppb (Medium range BS)
_ 12] pp 8
WCDMA-FDD + 100 ppb (Local Area BS)
+ 250 ppb (Home BS)
+ 50 ppb (Wide Area BS)
LTE-TDD"! + 100 ppb (Local Area BS)
+ 250 ppb (Home BS)
B 2. olFEA 714 914 HshE 27
Application/
Technology Phase Accuracy
<3us (Normal Status)
CDMA2000 <10us (Holdover Status, 8hr)
WCDMA-TDD
+25
(Macro)™ e
WCDMA-TDD Microsecond level accuracy
(HNB)[SJ (no hard requirement listed)
LTE-TDD' <3us(<3km radius, small cell)
(Macro) <10us(>3km radius, large cell)
LTE-TDD <3us(<500m radllus, small cell)
(HNB) <1.33+Tpropagation us (>500m
radius, large cell)
22 o|gEA VI & ST

2.2.1 |EEE - IEEE1588
IEEE Std 1588™-2002 (version 1)-& Ethernet 5-2]
Y ES] =l A= el Awje} FEo|dES

NE

2 Al $lste] AR Tk S 515 Al
e AR AoHdrk o= AU A& A
& 59 AbsEtE dew ke oke] A Al xZA)
| A=t ebel 5718} FFEo A T8 82 o}
s} 2o,

(1) eploloh el sk e
95 248 5 oRE 3 ZREF PTP)= 4
25k}

) HEPPIAE (Multicast) 7} 7Fsdt 2% 2 3%
9] LAN (Local Area Network)A ol ARE-Sl== -
H3l= s MW= gt
(3) Asizkss, 54 9 Ale] AlxHe 83k

T

\a
o

J

¥

O

AL diarer FEgh

@) 7 vlo]aR 2o AL E Zde= s EACR
20024 119el] =)

IEEE Std 1588TM-2008 (version 2)= ©]&%A41
(telecom)ol|A] AME- 7Fsdles S84l S 2
A3HA) RS- = walgdrh IEEE 1588 WA 12] &4
AEE ¢l 2005 3Yoll PAR  (Project
Authorization A Z3kar
Networked Clock Synchronization Working Group-5-
zAEle] FEdl Axkg gE 5] AXEYCh
IEEE 1588 WA 2+ v} 22 W85 Z3hsich

(1) PTP ZZEF9] 4 (ex. Message format 1
7, HEP B} FUE (Unicast) "IAA] AR,
Higher message rate A8~ %)

(2) Transparent Clock 7N =4

(3) PTP profile %<]

@ e AZl=E AHege] siA

IEEE1588 WA 2= 919} 2+ 8 U402 3
©]EE4] (Telecom) 2 Residential ethernet (802.1AS)
A AR 7F5EEE 2008 7ol whEE o] 3]
74 ARSI glEa gle

]
=

Request) = Precise

2.2.2 ITU-T SG15 Q13(Q13 of Study Group
15)

Adslr] 23 7P m@ziel whS FAs] sl
A% Faslel o]t FelEl o= PDH/SDHel| 3+
#Hy v EYIAe] E7|3 (1988 ~ 2000), OTN
(Optical Transport Network)ell4]e] W|E = 57|35}
(2001 ~ 2004)7} olv] Z3=| 1, &A= ITU-T
SG15 Q134 #HZ Y| EY = (Packet Network)A+2]
HEYZ 57)3} o]qrell 3t AT (2004 ~ )5 %13}
3 21 glek AR diZ w3t U Ef = Aol 9
CES-TDM %l%°] A4, Synchronous Ethernet, =7
a3 UES A AellA] FIleg ALElr] 91 ol
v Z2EF| AN, S w3t V|ES = AellAe] o
EZe] B digt 75 <E slgl o, A w3t
WEZ Aellre] AZF 2 F3 A o] Ao
gk A Ak ik

2.2.3 TICTOC (Timing over IP Connection
and Transfer of Clock)
TICTOC WG+ IETFWel|4] IP PSN &=+ MPLS-

1613

www.dbpia.co.kr



24183 =] °11-12 Vol.36 No.12

enabled PSNAJell4] 9] A&t A7t 2 Fajgee] At
2 93 ATE ¢J3le] 20081 3YHE] AJ2kE WG
olt}. & Packet Timings £+ T34 A SAdel|
gt A7E A Folw, o]z PDV  metrics,

Network Limit, Packet clock specification 52 ¥3+

alar glek w3k szl vlES ItellAe] A7zt 5713t
£ 913}¢y Network Limit, clocks, Telecom profile©]]
gk Aol S A #18) Folr}. A7) oh52] 3
7RE F& olqrR Fl&Ekar glrk

A4, MPLS "ell4] PTP j71e] 21 whol] et
AL2A], MPLS wellA] Azt 571315 fl8te] T
(Transparent Clock)E “&3}7] $13F vhell gk =
o7} #18i= a2 gic). &4, PTP Packet®] IPSec *-§-
el tigk d7eA], dubdor AR A=)
Core™ A}o]e] o172 DSL¥} 22 FZF"(Public
network)S F3Fo] q1Zo] ) olgigl T 1
glo] WAE|X] ok wlo g 3GPP TS 33.320°14]
= IPSecs Agate] Heks Zlslsles Ak gl
t}. PTP #Zlel g}t IPSec-> BC (Boundary Clock)
9} z-& 27} %= =(Intermediate node)”} Eto]®] {Zl
(Timing packet)S E1st 4= §A| o2, oleigt &
AdS sidslk7] Ysl 4= ESP (Encapsulating
Security Payload)E #-83le] PTP 7l whgh
IPSecs T = o= Hholl tigh =27} o]Fe]
A1 gle}. AR, IEEE 1588 Clock?] ¥2] A 1. wjo]
2~of] gk AolE zle) F3l Abejolck o]z|gh ]
AR wo]zolls FHTHQlY] F5, S9 olo|ulE

[@EEL

g, WAz 571, 29 wirdE S 2 =
A, 29 ¥4 AYm, 29 4 S 29 A,

29 eol) 4 5 EPakw 9lov, ol SNMP
o) R =92 W2 T2EFE o]-43)0] 7 EEE
1588 2eEE wUEl s e S5k o)
& W2l Slal Abgslo] Al e Aol i 4
o}% elvjek

3.1 AGNSS (Assisted GNSS)

AGNSS+= 912 85 54l #¥(Acquisition
Sensitivity)®} %7] $]% &5 A|ZKTime-To-First-
Fix, TTFF)S 34A17] GNSS 914 718ke] $1x &
gl A]2dHlolr}, 7] GNSS+ $HEEHE 2= Al
"S- o]83h= ubHell, AGNSSE $145<] Almanac
% B9} Ephemeris XS Aiding HRE o|-£3}¢]
Zuje} ko] GNSS Al37} 4] 92 3ol A= wil

1614

27 8ES ARE ARkl $xet FAls
(IPPS) 5 E53hc) UAlg =4 Yol 4= GNSS 4l
s50] A% Foll ol il e v Aw A
o oJsf Alze] AAEe] A SR s, |,
218, R ol flsliA] Alsakal 7} vl =4 Bk
7|5 gk olel’h ggelA, 71E9] GNSS A7 E
= the Azl 2§ A4l E A FEEel 27
& =719] Z= Q13 GNSs7t #1xs} FrlEE
53 17F AH A= A5t sk

AGNSS+ E+= 7hs?k #1452 LOS (Line of
Sighty A5 3lste] 2 91452 Almanac,
Ephemeris 2 AGNSS A{# el #14F5}7] =cl. AGNSS
Al A |ZHE 27] 913 ARE i, A
ANA AZF Are} AxkE AHRE AlFRlc) o] ),
FAZE AW EFE e A7 R g AR E
o]-g3le], A7l A 4l 7Fedk $14e] 5
Zo)3 1 91AE2] Correlation AlAtel] %E3Ho 24
7] S1A 5 A7 EolAl stk FAl e
GNSS7} A15H4] Fsla Aol A AlsAl7|7) Y
AR AsEE AETewn AR ks s

SHA gt

noe>

3.2 Packet-Based Timing

3.2.1 NTP (Network Time Protocol)

Azl o]83k F7HHAlS GNSSEoll 5719 A3
g F7AA 7R Sl A (e TReE]) 2
B AgEs, eaRZ A E 72 gl A
= FERRIE (e EHo]B)rt Alsle] F7]
E35l= uhgolth NTPE 718 o] 43 57| o
shtoln, 7] 137} 7o) AR ] M e} NTP F
olRIEE T7IA717] $18le] = EF] A4
2 o IAS ZA o} gt t1, 12, 13, 42 7} 7}
gloll 7} Az AR 2 A& Bl Az A{H7) o]
FAIRE AIZE AwzE 2 A gk S B A7
FefollEr} SR e AzlelEla Y, 2=
ER AAAZE = (t4 - t1) - (13 - 12), SZA = [(2
-t + (13 - 14)])2 &F AltkEe] Zok o] & AR
S 2 FEle|AdEE AFR| 9] Aue} Azt H Fu)
T+ s %E 5 A ek

NTP= QIEJUE o]83}e] PCE 1A 354l 2
Sl FHSSA o]8=a ok 20108 S,
o] dElEe] 44 7o) NTP AMWE o] 431e] <l
YIS Eslo] o2k 235 ko] PCol|l NTP 715
AlFska ek NTP 571 WAN 2764 oF 4]

il

o
rE
(EN RN (T

iy

—

www.dbpia.co.kr



= WEA 7|A 7 57] B85S 913 AGNSS-Packet Timing 3lo|He]= %F3}

T, Server T

A A

T, Client T,

0= LII(T, —T)+(T, - T,)]
8=(T,-T,)—(T,-T,)

1% 1. Basic Synchronization message Exchange

ms®] AHFEE AF3t, LAN o = 4 ms?]
A w2 AEshe, GNSS $417] = Al 53 %
o] Akl YHHAE o] 83 A= = usd AE
7] A 7hsdlch NTP Z2 232 7|Exos
A e I me AR *l»%skc ==
oA AI7E ARS AFskes AP} =R, A
g 5715 AHSShe B4 ARl e AEeE

SHAIAE k= Aol Sl

3.2.2 PTP (Precision Timing Protocol)

PTP<= NTP<} B|S:sH] A&hdh 571412 7F]aL
e A (e U}iEi) 23 AFEE eglagE
;dy_i 7],;] oLL; ] o]oqE (1:\:_‘:_ :‘:z-ﬂ
olmy7} SAlated Eﬂ% s Wyele, pTPE
5 nse] IHES TP BelaREE ol gale], B
AL Aol P Fakst e e wek
o e AEee) §7] A13-E 7Psebl dek PP
o 7P 2 elEePsleldl 5 st A 1Al
1% Agske Zolek 2ol o)Al A|2wle] o
A 7|A =3} e 7Rl gk PTP #-8-of] of
3+ A7} bl =18) 5] AT = 1L

PTPE ©]83} T 352 nirge} LHlo] Bk
A7 H.e] Aol Wik wholr, 19 20 ZAJEH
o} vkaEE A2l S7)E A S9S nk
Lz FEo|BellA| F71H 2% ‘Sync’ WAAE AF
F, &Alell ‘Follow-up” PIAIA]E E#llo]BellA] A
5 I} SHlo]Bs BE ‘Sync’ WA[A] 9] =X
°]-8:3}1, ‘Follow-up’ #|A|#|el|4] Algsl= 28
7he vlagke By, FAtE e AlaE dile] AR E
_/': o] Ou:] :7_74 o o]ﬁ.—s],o:] _/:31]0]1:19,] _aa%_o_ Z
7Fs3H €ck £Hlo] Bz ‘Delay-Request’ HAA]
wkAE]o|A] F71H 22 HuUl3, ‘Delay-Response’
1712 ohAEl 23] WA Hel, o] T wAAE o]
$4 ehem =9 delo] ARk Aatale] vhoaes)

ol

0 > o
tlo o H

mlm o,

_‘?L

Master Slave
time time

Timestamps
known by slave

t.
! Sync

= 2
~ o
Follow_Up -~

' = oty

| Delay_Req

= — _Delay_Resp
—~
-~

it = taty byt
\J \

1% 2. Basic Synchronization message Exchange
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IV. AGNSS-Packet Timing
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2! 5. Servers for 100k Femtoccells in AGNSS scenarios

E57} Azl ARl o3k =2 Al 2k o] 75
TAlolu} o]Zef4] AGNSS-
L3 A 5 Foled T2
s 104%\4 “41‘?* 100K 2] HEA 7]A] =l S5}
717 Algslr] flaA= <F 200712
PTP Hbﬂ (:Liﬂzﬂ}dﬂ) 7} Z 83l o] ), PTP A
W= 500702 Sefe]dEA AR EE AF 7
st F)2E] WEel e mE HEA 73571
AR F713) =o] i, PTP A1H (Lai=
e = B8] @k 2Evh 5 A edlA ol
°Fgk GNSs 9| Alegnt EAlshs 4 3 591 &
E2 Qld] o] Ao Ele]n] HRE xﬂfg— B
7} 23 % glrk 2% 5+ GNSS 4 Al g
of wheba] H gk A g gk *lar‘ﬂl Vﬂohﬂr o]
7:134&; o]._z,_ _117<L L:_M_,] ,x_ia]E o‘q/k = T
27} DAl Aol o7k =& AT 7k o] A= A
Qskar v R] 9o A FrlsEE e RS

=

Servers in a Case Scenario
(for 229K femtocells at a housing type
proportion)

500 459 N " N

400

300
~*=PTP standalone

200 ~#- AGPS-PTP

Required number of Servers

100 sz

Average

7% 6. Required number of Servers Compared to PTP
standalone

1619

www.dbpia.co.kr



24183 =] °11-12 Vol.36 No.12

¥ 6. Housing in Seoul, KOSIS
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