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A standardization of AGNSS-Packet Timing Hybrid for
a Synchronization of Femtocell
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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.
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1. olFEA 7l T Qe 273

Application/
Technology Frequency Accuracy
CDMA2000" | £ 50 ppb
+ 50 ppb (Wide Area BS)
+ 100 ppb (Medium range BS)
WCDMA-FDD™
MATD + 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)

E 2. o153 /e 9 Aste a7y

Application/
P
Technology hase Accuracy
<3us (Normal Status)
CDMA200
MA2000 <10us (Holdover Status, 8hr)
WCDMA-TDD £ 2 5us
(Macro)™” o
WCDMA-TDD Microsecond level accuracy
(HNB)[S] (no hard requirement listed)
LTE-TDD <3us(<3km radius, small cell)
(Macro) <10us(>3km radius, large cell)
LTE-TDD <3us(<500m radl.us, small cell)
<1.33+Tpropagation us (>500m
(HNB) .
radius, large cell)

22 ol&8 B8 HE 58

2.2.1 |EEE - IEEE1588

IEEE Std 1588™-2002 (version 1)-& Ethernet 5]
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o] At ggd £713) TFo e Fo gL o}
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(1) Hutelzrt VEHaAdel Adsls A st
29L 84 5 =R = Z2EZ (PTPS X
ofghe}

(2) FEIANAE (Multicast)”} 7153 A€ 2 2A
2] LAN (Local Area Network)’Joll4] A}83ls2 ¢
ke AL Wyl

(3) Ad2Fs3), 33 2 Al AxElel 83k

AE direz F3g),

@) = TelaR 2o AYES = A B
2002 1149l HHEH S

IEEE Std 1588TM-2008 (version 2)¥ ©]%-%A
(telecom)llA] AME- 7Fe3he® S-89le] & o
A4 S =R IEEE 1588 A 19] A
A s3E $lst 2005 3Yel PAR (Project
A&E3kL  Precise
Networked Clock Synchronization Working Group-$-
ZAsle] HEgt A2 P ZFe] AREHUL
IEEE 1588 A 2+& oh&3t 32 W45 23t

(1) PTP 2 EF2] 44 (ex. Message format ¥
7, HEFf 2B} sl 2B (Unicast) ®|A1A] A,
Higher message rate AF& %)

(2) Transparent Clock 70 %4

(3) PTP profile %<

@) vx A= Ageze] A

IEEE1588 WA 2+ $lok 22 F8 808 3hy
o}FEA] (Telecom) I Residential ethernet (802.1AS)
M= A 7F53hES 20081 79 HRES] FA)
74 AH9)7E gdi=a gick P

Authorization  Request)<

2.2.2 ITU-T SG15 Q13(Q13 of Study Group

16)

VIEQZ F7)e digh A% 142 YAE AE ol
E9m o 3 2903 Alawle) gl v 2§
& Aol ZAeln, MEYaE 5T ANHEE
AGslr] $Igt 7P Al ube AAs] Sl
Mz g3}, o|¢} Id¥ <d++=Z PDH/SDH|
2y vEYIAFS] £7]3} (1988 ~ 2000), OTN
(Optical Transport Network)oll4|2] V| E9 = 7|3}
(2001 ~ 2004)7} elv]l A=Az, V= ITU-T
SG15 Q13¢l4] 37! NEY = (Packet Network)At]
VIENZ 5713 o]l g A7 (2004 ~ )& 213
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g VENA AelA] FaeE ALs] 948 elo]
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VEH =T AellMe] A7F H Tl AR Al of
& A-E Assia ek

2.2.3 TICTOC (Timing over IP Connection
and Transfer of Clock)
TICTOC WG+= IETFWell4] IP PSN == MPLS-
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network)-& F3le] do] Hr} ol T B
o] A=A 9= o2, 3GPP TS 33.320004]
£ IPSecd H-43}e] B B35l e 2 Avsla 9l
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(Timing packet) s E]¥ & ¢lAl oz olejgt £
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IPSecs THE 5 sl Wil digt =97} o]
]2z lek AlA, IEEE 1588 Clock] #e] A X wo]
ol Higk Ao E 313 F4l Aelolt). o)2id Az
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3.1 AGNSS (Assisted GNSS)

AGNSS= $2 &5 41 #H¥(Acquisition
Sensitivity)® %7] $Jx &5 A]7KTime-To-First-
Fix, TTFF)$ 34471 GNSS 914 ~]uke) 9% &
Q! Alzglol). 71& GNSS& A EZRE] 2= A%
e 0]8-3H= hddl, AGNSSE 9459 Almanac
Z 5.9} Ephemeris AEE Aiding ARE o]43]e
Auls} ko] GNSS 2137} TR 94 A%
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2 oF AR 31 7H 9 A5 F2E 3 A
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5371 A89AE A7t stk

AGNSS= EE 7153 9452 LOS (Line of
Sight) AIZE F33ld 7zZ+ $AE2] Almanac,
Ephemeris& AGNSS AH{dl] 2}=}s}A] ck AGNSS
AE PAZ|ENE 7] 93] ARE gy, 5417
A A7t Arel AXE A RE AFIY. o] H,
FAZIE AuERe B AR 3 Jdns
o]43led, Al7IolA] HAl 441 7e’E 4] 5
Eolaz 2 Y459 Correlation Alitel HEFoEH
Z7] $12 5 Azke ZolA Hrh Al &
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N ASES HAEF22ZH PR A 715
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3.2 Packet-Based Timing

3.2.1 NTP (Network Time Protocol)

AR o] 83 E719HAS GNSS Sl 571% A%
& TS 7RI ol A (e vhiE]) 25
B ASEs, Ba’E ARE AT Qe ARE
£ FEPIE (&= o)) fAls 1E
53k wPelth NTP= dizle o]43 57] w9
shtelnd, 23 13} zhe] AAX]9] Aw<} NTP E&}
olAEE F7IAFIY] S = EFY Azt
g e xS Aok actk 11, 12, 3, 4E 4 4 F
2o]A e} A7 AR 8-S ¥l Azh Au7) o1&
FAE AIZE Au7E 236 digh S B A1,
FePoldlErt $9& B AAolEE s, 2=
EF XA = (14 - t1) - (13 - 12), LT = [(12
- tl) + (13 - 14)]2 22 Ak o] R} o] AXK}
L2H FEP|AEL 4FA Y] M9 Az 2 Fs
T & 2E & A "ok

NTP= QJEjdlE o|83le] PCE =4 ZFAo| %
St shgsishAl o)8= 1 gt 20109 ), o
2] vekee] 34 7l NTP AuE o] 83109 4l
g E3tod ol 235kl e] pCell NTP 5715
AlZsla itk NTP 57| WAN 7 6l4 ok 44
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T, Client T,
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& 1. Basic Synchronization message Exchange

ms®| AHEE AT, LAN S0 5 ms9)
AL E AFsle, GNSS A7) == Ag S 2
o] AE} HHAUAE o]83l= At 4 us?] A
Z7A] Al 7Psslch NTP ZREeZL 7|ledes
AW ENE FF0 Es APRE AMSRe UEYa
oA A7t ARE AFE=E AV} =, A
g E71E AHERe Al AladldM e AEEE o

A} she FAIFo] 9dch

3.2.2 PTP (Precision Timing Protocol)

PTP<= NTP2} v|5=3HA| A &gt 57 A7k 7R3
e A (e vhaE) 29E AdEE wglads
AEE /A2 e HAES SepldE (me &9
olB)7} AlE F71E ESss etk PTPE
T 052 HUEE T EAaREE ol4sle, B
Al Alzdlellx 7125 Fape) e o g BAkshs
-5 52 Az 7] AFS b5 gk PTP
9] 71 & o1ERAIA F shrl AW 71A=el
715 Alg3he Alolrh ol o]5-FAl Alawle] F
ZA NAFFH AEA 7]R]5l i3t PTP A4l o
g A7} s A3 Ha g

PTPE o83 571 352 vhaele} &elo] Bk
A7 Re] Aol ik Wie]w, 23 201 E=AES
o} vheEls oAl E71E AEt 294 vl
22 SFlo|uaA MR Sync’ WAAE AE

o
P, Alel| ‘Follow-up’ #IA|A]E £#lo]BellA] A
gt} £elo]Bys 2E ‘Sync’ WAIR]S] =24
o]-83}°4, ‘Follow-up’ WX A]lX Agshe 232
AP vl gho2H, FAbE Alad] dele] ARE
o 4 glem, RS o]43le] &Hlolne) G 2
A 7VssHA gt £¥0) B ‘Delay-Request’ #4137
£ miaEoflA F71H 02 By, ‘Delay-Response’
AR vk 256 A fok o] - HAIX|E o]
48 2= EY gdle] A7ke AlXbsle] whaeie}

:

[
o

Master Slave

time tme
Timestamps
known by slave
t\
Syrc
t-ms
1 [~ ~
[T
~—_ 3
Folio -~
WD T Wty
£, byt
| Dela-y_Req 3 e bzt

tem

X,

-
~ ,Delay _Resp
~ ~—
~
T ettt
\ j y

2] 2. Basic Synchronization message Exchange

Zdlo] B 7ol MIEYFNA v1EEE vhe-AI7RS
Abet 4 qleh olejdt WAAIE HHEA 02 o]g3le,
ohaEie} Selo| B ol Faba B Y4k F71E v
A e AEEg 9E $7) 9ok

PTP:= IEEE 1588-2002 V1o] Z#F #F53}, 9]
o) A7k A AR 5 B8-S FAoE EFEs
ol¥, HuFe & -g-85t7] $13l IEEE 1588-2008
V2 (°)3- IEEE1588V2)E /WA o] o]Rixon, &
A FH 2F3Pp s A3 =z gl

3.2.3 NTP2} PTP H|m

el Az Eelwdzl s= PTPY BS-
1~128PPSE NTPE FHA 131,0722% 1 #zlolA]
o) 1632 1917102 PTP7} AAA 02 & w19l
A7bF AAFE 3430 I A7 Eelw FR)
9] 7} F9F FEPo|dEA S 5] ¥4
< <psleh

NTPS} PTP Z2EF A1) 7l SHo| 582
2ol7} 7] gicka & 4= Qlek. &, o} Aol 3%
S "lAE QA Sdsickn 7P E A 99 ARt
3 2 g3 S 293 ) 35 A4S Zer
HAed 71X ol HE5E k=l 9lolA
NTP:E 712 x| 24 391 AHE 883 5 9ot
= o)de] glor &4 AYE Ay AHE ST
o224 GA A$g 4 sivhe Aelvh 22, x|
$-8 29l NTPABI7} *Carrier grade’”} oFd 7%
FAlo] oit=Er] @] A7 szl £ 1/16% o]
Ed 4 9E S o 22 39 A4l AL
Soll <Jgt vlg Z7} 2oll, $l4k(Phase) HEEE
878= TD-SCDMA, WCDMA-TDD % LTE-
TDD 71&E9 87 A%-S W53l f8iA= NTP
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oAl 3 g3he 2 A2 AR o] B 5o
Bold A& 82 & Aeln s=de] el 28
Bo] A4Ao g 37E T e A FAlerk

3.3 Cellular Network Listen

CNL (Cellular Network Listen)& 23 344 =
ARt A3} 7o) AEA 7R FA A = e E
o 3] 85w Al ) A4e sRn
e WZ2ZA ZIAF E QG JRFe 2 E] T
7] A3E HEI BAHo R e 7|29
719 WzZ2A AEY A gl Fog A=)
18 2E 4 slom, 9 vazAd rAFes
FE 2 5] AlEE e 5 gl S 28 344
s} 7o) Q1Y HEA 7R ZE o] 43l Fr) FEE
7Fs3le.

|2 2A 7]AZ-E 50ppb o14He] AUEE AR x
W] AEl, a2 7N 575 Ageg 9
EA 72 FelM 8= 250ppbe] REGEE =S
A7lE AHel 7hssit). ReAl 7|2 Felr= ok M
= d9e 2] AT 534e ZE2E o=
TEel7} HesR el e 7|ed A AS 314
o 2¥E|e= B aslA ok GSMI UMTSE S+
%71l gk 277} ¢lA1%l, CDMA2000, WCDMA-
TDD %4 LTE-TDD AlAHoA s diiie] z|s
o] AAlz A 718 a7}l A3 Network
listenings % %7) WHL RTDRound Trip
Delay)& A& A3 g=7} §l7] wjiell, AEA 7]
AF3 w224 71X 2] YA E £ vy exE
&3 = ek sluiElR AlfR|go, ofF B
3t jm2 A 7)x)Fo] de BA SolA] 4 us W9
A 718 le ool & wl=ea |NZe)
7NEE ol43le] Ful Bl sbsshd, U F
71e a2z ZIAFET e FRZ5e] Hx) &
7ol welA §7) 5 7be o¥r) A= P

Smm:;fﬁw smm%’& *H mE
é\ . é\ /
5 i

HeNB1
% 3. Synchronization using Network Listening

34 F71ME WA Zhd[n
AeAd 78 Aleshe 4w ee zizhe) ) o
A& 72 gltk 3AA), AGNSSE 7|2 GNSSo H]
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PDVol| 438 Wol w4 =, 9] ultiAA, vlE
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=Z2A A= Y EY A= VENIE A8
29]x¢} 29Ele] BC (Boundary Clock)$} TC
(Transparent Clock) 7N'd& F8Z 3} =, ¢|&
53l &dlo|n &) 3] AL #HEE 4 9k 2
2, o2fdt AL 29X 9} BReElE A Slof 31
£ AR A3 & A vE-S opIAR B o]
g} 7R mlelell o]F 7HElr]= el Aol HA
olc}.

AR, CNLL 43} nj=z2Ad 7AF = JE
A 7IAFe2 N 713 A5E 0|83l Fa
718 2l o] it HEA ZA | JXF
o] ukzA] glefof 3l A Alglo] glon, Q14 7]
A5 BEA 7] Aol XA Wl 45
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T E 39 89Fsksdch

E 3. o558 7l A4 AFgE e 7Alg

Advantage Disadvantage
. . May not be available
AGNss | Available in most | o ildings(may
locations
need external antenna)
1. Low accuracy on
public network
. Low Cost (dependent on the
NTP/ 2.Use Femtocell’ network)
pTp | -5 TEMIOCEUS |, NTP : Hard to

backhaul interface
recover phase

3. PTP : High Total
time cost

Femtocell must be
within a coverage area
of macro cell

CNL Low cost
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IV. AGNSS-Packet Timing

4.1 AGNSS-Packet Timing Hybride} 224

HAgAde] 37] 5 uoke 3 weAgle s &
71848 718A<l A1} o] 9jol] A & o)&A, vl
EN=Z A, 3 2 A7 Au)se) P g
o] T8 wEAkelH AR U4 ot ik

A, 571 F4L Tt kel Akl o1
ol o3 A ¥ fle £3EAL fA8Y)
HAaA= o] 5EA Alawle] evshs AW St
o el v ge] 79l we} 4t A g ghn
ok gt w3t o]l FAL A5 sl A
Al F719E Aok 3l o7 9k 9 o
Hsle] 5719& ol Fslshe Hikle] zE{sofof grk

=A, AW 73 2jFAolck PTP / NTPY] 7%,
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b 7% Al we Tk e palst g epd
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1(.}6]\(1331-;2 7 dB 10 dB 26 dB
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A7 Au)~E $)3] AGNSSE % 4831 Hlel
olr}. 53] ®h& TTFF (Time To First Fix) 54 Y
& P (Acquisition sensitivity) A5 7HA
Al 3919] o] d-& 7 B oha}, ARgAlell 9
3 AEAL A7} o) FEHA H A ATz
72" A4 3918 W3 ¢ gl ol PTP ®:
NTP2} & Packet Timingo! 1% H5¢ & 5 ¢
= BAE 2oE 4 olth dEAdo] Ay xS
AFhe A X7 AR AR old] Tl fo) =
4 ZA2o] 715E Aok

4.2 AGNSS-Packet Timing Hybrid Architecture

4.2.1 Hybrid S&tgiz|

AGNSS-Packet Timing 3}0)Hz]l=x AGNSS2}
Packet Timing ZFZto] Zh= A& HUIR: 448 B
wtopet 7} rle afel RS AbS Bkl wet
1 &3} Soslch webi, AGNSS E=& PTP/NTP
F W L& TS Ade g Mo 9% F
el A AREE o) d £ 9ok GNSS
o] Y3} A Jol|4] AGNSSE Fupe} 94} Age
SeA] PTPNTPRC} & Falel 9t Age
+ Z=rh 2, A 3738 2% o) GNSSAlE
FASE 94 71 15 7} AlsA =
745 pAle] AEEA] A A5l wet F4lo)
E7F53t 48] AF & 9lr). o)w) Packet Timing
L2 Agsle] QA vhAE, & GNSS A3 $4lo] 7}
T U A=A 7IAF R e Elold] PYRlog
718 AR ZN F)E AR5k Ao 758tk
GNSS F4le] 715gt HEAd 7)A)ZL  Packet
Timingll ¢J3F 57142} 21} Packet Timing 22 <1
T UENZY ¥31E AAN oz YR ) F
o Et} Packet Timing WRFO.2 PTPS} NTPE H|2
& o) PTPS AH 48 7ieksle] PTPE 4]
L2 ol3} dg 7|&slus} ¥t

o dr o

4.2.2 Hybrid WEg3S| T4

AGNSS-PTP 3jolrz|c WEg=2) AL 713
43} 7o slolnle MM, wlrE|, FEloldER F
“d€cl. AGNSS-PTP 3lojEzlE AH & Ze|2F
%, AGNSS Aiding Hio]E] Alg ¥ 3lo]Be|= o)
2 HEH= B 715-¢ e A ez gt
2E WEA 5)xFE AGNSS F4lo] 7hsd A4S
PTP "[2E]{2, AGNSSFAle] 87153 %49 PTP &
Holne Fatshe e BAow 3t
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® AGPS unlock, P'TP Slave
4 AGPSiock, PTP faster
1+ Cluster >

& PTP packets \, Cluster#2

23] 4. AGNSS-PTP Hybrid Network

4.2.3 Hybrid UHESZS] §F

(1) 2 Y= (Distributed Network)

AGNSS-PTP: 7|83 02 e 7|x23} I&
A RS 7] Elolm) £FAdolc). webd, FHie
2= wAE|(Grandmaster) & 3 E3E V=Y =20}
obd ¥4t EHZ PE2F Zent ol PDVER
A FAe) 7S Fusln odevkaEe] ¥3)
E Ak oA 83 Ji¥es 2t

(2) Hlo]®] 2]2E (Neighbor List)

o] FRox ZE HEA 7T oy grE
£ 7IA3L glefof 3l=t] AGNSS-PTP A8 Z24E]
o] ARE el hie] AEA FAFo] vESH 2
o] F7HAdd)E= 735 slo]Be|= A= A4 w}
2E] (Potential master)d 27} 3% vo|vjg]AEE
Aggic). Bed 7|A)FL AGNSS7t FrESHA] o
Z730l1419] Packet Timing "F~El2} AAAL A%
L2 BAgE I AT+ UARE 3] AlF
e =Y sick

(3) A&l HEH=Z (Short Network Distance)

1% 4s} 7o), Sjolnein FxoAs adswks
El7} PTP wl2E]Yd = Q)& ¥ ohe} oy HEA
71X % PTP wt2El7} & & glch o714 < &
EA 71A5& VEHm Sd6dA s Ae
QfujslE g uprE]9) Felo)Be] VB At 7}
ke RS E3kh F vEN=) i) Al
PDVEA] sled felgt 36 53 49
Fag- 2 SAF Bl s)bssict

4.2.4 2e{2&3

2B+ PTP vhiE|9} £allo]Be] WA) A
o 59 dEd Izt & 5 giv) Felase] A
< 3pte) ka9t Bape] FeloldER FAEC)
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et (ol 2AE) o]F EgHor Feiag U
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= A= WAk JEA 7)RFL BE3F o]
¥ 2AE 9] fE PTPRIAE 2] 57|49 H3ke
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71802 A EHE AR vEYa3eA Yo
H7l Ae] e} 22 59 elold] Hzlez Qg
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38 A 4 e APE 7

slo|Hels Aule v|EH T Al ZE GNSS &
718 ekaE el tig ARE A% o) F YESa
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of ol AEE st} AlFsA ok 22t
slolizle FeolddErs Sl Bae) nhrie) B
2| &Hlo|BE 71 4= 9lew t353} (redundancy)

F2% 59 ¥4 9% B B9 ATL 4

4.2.5 BAEZS B8 UEYT BAY

AGNSS-PTP 3lo]He|=2] 452 AGNSS9} PTP
7zl B4 IR 8310, 71E PTPE o483}
R o Fog Mo Fof] vlsle] slojneiE 2
o 2aix] dvht g2 M) 5 2 £ A
el detrr] $3) ofele} e 222 AJEH
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(1) AGNSS 417]9] 44l 715 ddl2 ot A
A 2o -148 dBm.oZ2 A

(2 REA 71X]= 5= : 100,000

(3) 828 Alo)A=: Sc=2,3,4,5,6,7 or 8

(4) 4™ 4= (Estimated) : Ns

(5) Blanket Z2|~E{7} & 2& : P = (1-Pf/100)Sc

& ZEizE de sle 28 SlEA FRF0)

AGNSSell s =$jd| Asjat 25

6) A 83 . 500 EelolglE

TUg FelaE W ZE WEA 7)xFe YEY
3 7=} (Hops) &l M2 Asisicky 78}
3, A FelaERe A4 det 2y se F
2]2E] Alo]2¥ AGNSS9 Alve] R 27l ukeba
Lo e +5 FAIIL Fag A =
AGNSS®] &9| &gl mz} =ZA Wsakl o &

A =AY EmE o9 s AR 2

Servers per 100K Femtocells
in AGNSS Scenarios

=8 Rural standalone house on
flat ground

“#Rural brick apartment on

d
120 o \\ fiat groun

o ~Rurai Stee! & Concrete
80 ¢ \\ Office on Flat Ground
== Urban Steel and Concrete

40 Office with Tinted

20 o - Windows
~#Dense Urban Concrete

Apartrent

2 3 4 5 6 7

Average Cluster Size

1% 5. Servers for 100k Femtoccells in AGNSS scenarios

= 3ob AalA Al o3t w2 A% gl A
Z Aojslz oyEe] =Alelv 9FellA AGNSS-

so|BE|se Yagt M| $F Solud] T2
A58 BojgEoh ek 100K HEA 72| Fel| Fa}
= 2 A4 B AEsh] AAsiMe o 200719
PTP AM® (Z3l=rlzE]) 7} 3} o] w, PTP A
HE 500702] FRle|AEANA ATARE AT 75
st FelaE Ui sle BE HEA 7|50
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okgk GNSS9 AFER EAlshs A 32 39 &
E2 A3 o] A6l goly HRE AFZ A AW
7t 83 % gick 78 5= GNSS A% 4 #E
of webs] Hagh An ol tigh Al gl Aot o]
A o} AR B8] FaBiE s re &
27} AR Aol 27 w2 A% ] A4 Al
9)3t3 x| gl el FeixeFe] fEAS

Servers in a Case Scenario
(for 229K femtocells at a housing type
proportion)
g 500 g
2
2 400
b
3
E 300
2
-g ~%=PTP standalone
3 2000 T ~#-AGPS-PTP
g
[
100 gy
: % 302 11
° i ' Average
2 3 4 5 & 7 8

212! 6. Required number of Servers Compared to PTP
standalone
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E 6. Housing in Seoul, KOSIS

Rural Dense Rural
Standalone| Urban Brick Total

house | Apartment | Apartment
# of 455,877 | 1,258,658 | 577,379

Households | (20%) (55%) 25%) 2,291,894
Assumed Fix
probability | 0% 60% 70%
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