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THERECOF BACKGRQUNR:-OF THE INVENTION 5 1. Technical Field of the~l
MAR 2003 i ooi 00T The present invention relates to a frane phase synchronous

system for 1 I “ase synchroni zati on between respective nodes such as
rel ay nodes‘WﬂWM\WM‘“ﬂ nodes and base station nodes in a digital nobile
comuni cations .system and, nore particularly, 10 to a franme phase
synchronous system for neasuring a franme phase difference by using a

| oop- back function of a ﬁﬁ]![%‘d @gggg EB@I\ISSF Eﬁpﬁp cell and
i ndependently mat chi ng %e r%’ﬁrrg‘gggagses g}theen the 1 ndividual nodes. 2.

Description of the Related Art 15 As a system for matching the frafeece
synchroni zati on between the node® METHOR CHERTEwork, there is

a
nast er - sl ave synchronous system for realizing frequency synchjlmwwmmmmwm
bet ween a master device and a slave device, wherein the nmaste

transmts a transm ssion signal which is synchronized with a reference 20

frequency of a reference clBEREKKGROGNe ORSTEE TBVEE®IOHENd the sl ave device
extracts a clock signal fromthe received transm ssion signal and nmakes an

oscilfatoriofrédentdeyi ceiéigsedf syonchreohzedni n phase with it. Further,
there is a nutual synchronous system whi ch neasures 25 phase differences

bet - A~ 0
measuri ng T esul La T8 DT HeGe L Ehhe abe Sl hry A SVErAGE o CRE BRASe

di f f bet 11, nodes, th tting thi to the f h
of the own KOUET G FheF eby RIS t PEE T BRBL pRESETSORENF O 26EPBHC8EI n a

conventional digital nobile comrunications system a master-sl|ave
synchr onou%o‘%%"/%tsé’rﬁfi §5a1b€b]}43é&°idﬁS\Ah?‘(fht‘éhhﬁgtré?d%ééd base station nodes

in adigital mobile communications system and, more particularly,
10 to a frame phase synchronous system for measuring a frame phase
difference by using a loop-back function of an ATM (ASYNCHRONOUS
TRANSFER MODE) cell and independently matching the frame phases
between the individual nodes.
2. Description of the Related Art
15 As a system for matching the frame synchronization between
the nodes within the network, there is a master-slave synchronous
system for realizing frequency synchronization between a master
device and a slave device, wherein the master device transmits
a transmission signal which is synchronized with a reference
20 frequency of a reference clock in the master device, and the slave
device extracts a c}ock signal from the received transmission
signal and makes an oscillator of the device itself synchronized
in phase with it.
Further, there is a mutual synchronous system which measures

25 phase differences between own node and all other nodes and



supplies a frame phase synchronous signal to sw tching nodes and base
stati'on nodes in the network via an STM ( SYNCHRONOUS TRANSFER I\%Dﬁ)M%Q 2003
network. There arises, however, such a problemthat a 10 synchroni

accuracy can not be set to under 125 nU sec, at the mninmumin terns of

such a condition that the STM network“be used. This is because it is
prescribed in the STM network that the synchronization is executed by using
one bit determned in one tinme slot, and hence the synchronizing accuracy

can not betlsae,gdsééréot@e %%&mgl&wﬁw% glt%%ru%ee)s,o;tﬁﬂgggg}:rﬁggglgﬁgr,

it is required in the mutual synthronous systemthat a pa

the time be forned for t he node nd a device for calcul ating e
bhase i f 147 AEETFECarto Hisedatos Qbf FFAGTFRE s RER 5 SBr G ort eHaT ¢ fen
construction of each node 20 becones intricate. SUVMARY OF THE | NVENTI ON A
frame phast SyhEBASRYSEAI® P dAOF BRTE PHE Senet SResd nPAfemidhnpgeby

characterized by having the follow ng constructions 25 in order to solve

t he probl emskidescilideliraboviehase 2sun@FORDOBEBOA. f rane phase synchronous
system for adjusting phase synchronization in a digital nobile

comufi cat i ons By erorommrices digitellaywobdde wbhnahnieasuoes ayktame phase
difference with respect to other relay nodes using a nethod of cal cul ating

5 a frane phaserdif4es iR RMR Byopagatld appaekayid id dnha g ATNbae! |
| oop- back, al so obtains an optinmumshift value as a first shift value for

di ¢ ; ‘ , ; i
P ot shirt i as B TYAGRr RoYs Ihrlord Sl ok BRdE A Qo DR IR BRE.
node whi ch neasures a f

rel ay nod %ﬂ%s§aﬁﬂéﬁbné %géﬁgrﬁggﬁﬁﬁgéﬁifi%Qﬁggﬁ%E@ﬂﬁ§§§§ﬁ§§%9§%§§§%ﬁﬁﬁode
as the slave, obtains a second shift value by adding the notified first
shift val MORR) angkverkval Teeder pyédefr oRPWRECHeaSWCEd & rReC besehat a
difference with respect to the host relay node for adjusting the 15 phase
synch® onousynd¢h t el ihg e dgr awgesarmndtabs osobttas npidert hebdy sec. at the
minimum in terms of such a condition that the STM network be used.
This is because it is prescribed in the STM network that the
synchronization is executed by using one bit determined in one
time slot, and hence the synchronizing accuracy can not be set
15 to a one time slop length (125 pgsec.) or under.
Further, it is required in the mutual synchronous system that
a path for matching the time be formed for all the nodes, and a
device for calculating the phase difference is also needed,
resulting in such a problem that the construction of each node
20 becomes intricate.
SUMMARY OF THE INVENTION
A frame phase synchronous system according to the present

invention is characterized by having the following constructions

25 in order to solve the problems described above.



shift value by adding the second shift value to a shift value d ri}ﬁﬂﬁ%&&ﬁf3
the nmeasured franme phase difference with respect to the base st tk

as the slave for notifying the third shift value to the base station node;
and a base station node which 20 adjuits t he phase synchronous by the third
shift value notified by the host sw tZhing node. Also, the relay node
further conprises: a first frame phase difference adjusting unit which
nmeasures a frame phase difference with respect to other relay nodes, and
obtains an optlnurﬁr%meftﬁ/%as&al @srohddd skyshicht ¥aluasdis@dig'sbhaget he
phase synchronous Z 4 R 2D03 4 in the reﬁéy node; and ‘a first shift

val ue noti fyi i ich .noti.fi fi . shi f I t e ] i ng
node acco : %ggéﬁﬂﬁéagfgﬁavgf ?hegg%}?%hiﬁgﬁ%ﬁﬁg f%?%ﬁggﬁggﬁﬁ%ggeéyggggrane
phase 5 difference neasu&%g? ugit ghiﬁh neasur es frame phaSﬁ.gEfference
with respett™btthd’ HOLS P By WFolBLGRA T P aRE AU PErets TREERCE
respect to the base station node as the slave;, a second frame phase

di f f er ence"hb} USRIRRFLUM? AkRicCh T EBEYI RIS setbhd & MItharhiafe CBy CHAAIEAGIt he
notified first shift value to a shift value derived 10 fromthe measured

f ramedphase i drierenoee wWitffemgpectf nton the repsigartdloay deddey tdmeathustighg

t he phase synchronous in the switching node; and a third franme phase

di f f er encenmdjdestli PgopRbhchiLts Obbabnasaar biphtd mbl §hi valwa lyasddicagsthe
second shift value to a shift value derived fromthe nmeasured frane phase

di f f er encesy pr ] fLEHL G {1 iR PRS ‘i)lh%ts%t 59&&9%@9%@%@%@&@%&@?

slave for notifying the thi'rd shift value as” an shift value to be adjusted

in the bas tatio ade. A nethod of fra phase_ synchronous i igital
nobi | e coﬁ%ﬁ%igé i%é%%ﬁ%ﬁ%ﬂ#%%n%ﬁﬁfghig%gangﬁf?§ é? ?%|§¥l§%%£%§ g88e
swi tching nodes as sl ave nodes of the relay node, and base station_nodes as
sl ave nodeSCBRethed s tehPngl dBtie hr¥ F o dedO95 ot 9 M2 D19 Pl
invention is characterized by having the follow ng constructions: %1)
nmeasdfi ng phasarml bferences Midhenespech tdehel®ptinsgéay node and a frame

phase difference with respect to a base station node as the slave,

obtains a second shift value by adding the notified first shift

value to a shift value derived from the measured frame phase

difference with respect to the host relay node for adjusting the

15 phase synchronous in the switching node, and also obtains a third

shift value by adding the second shift value to a shift value

derived from the measured frame phase difference with respect to

the base station node as the slave for notifying the third shift

value to the base station node; and a base station node which

20 adjusts the phase synchronous by the third shift value notified
by the host switching node.

Also, the relay node further comprises: a first frame phase

difference adjusting unit which measures a frame phase difference

with respect to other relay nodes, and obtains an optimum shift

25 value as a first shift value for adjusting the phase synchronous



2~ Wth respect to other relay nodes using a nethod of cal cul ating z ~

~~R zo03 a franme phase difference froma propagation delay ti th
ATM cel | | oop-back; (2) obtaining an optinumshift value as a zfﬁsﬁjgﬁfgﬂﬂa

val ue for adjusting the phase synchrogpus in the relay node; 5 (3)
notifying the first shift value fromthe relay node to a switching node
connected as a slave; ( 4 ) neasuring a frane phase difference, in the
switching node, with respect to the host relay node and a franme phase

di fference; Wi tfe reSROFtnd® 2 HREQ 81 aLE o DEde, B8ud ey Sl AYiG UG anTehhod
10 of calculating a franme phase difference froma propagation delay tine

t hrough AT - ; ; ini S i al in the
swi t chi ng %%gg%i%§q§§%?§§§FH%§%% i ?@% ??;%F §ﬁ???h§§?6%>f%a§%§wﬁpﬁa&§Pue
derived fromthe neasured frame phase difference with respect to the host
15 rel ay nddle®f8+3%8j usti ng the phase synchronous in the switching node;

(6) obtaining a third shift value, in the switching node, by adding the
second shift vafbe tvetEmife vedee daritped feoRPrhecheasur dd Fraamphpisgse
difference with respect to the base 20 station node as the slave for

notifyi ng of ffbeenbembashifingahié wiiecthasesstrasiofiravdephasw di Ef eadinast i ng
t he phase synchronous, in said base station node, by the third shift val ue

notified byitherdosdcsWd ehienBobedee] 2y FfAEENBESCRE 4T PN AFe THIE FIRANENGS
z4~ARQ036 Fig. 1is a diagramshow ng an exanple of architecture of

a mobi | e cIEHN E1d aNg ek IRIdce ELdei gniods BLOCKe AhaU/AM, IO £dame

construction of a‘tranme phase synchronous part in a relay node according to

the presenéhasedifferenceadjustingunitwhichobtainseasecondshiftvalue

by adding the notified first shift value to a shift value derived
10 from the measured frame phase difference with respect to the host
relay node for adjusting the phase synchronous in the switching
node; and a third frame phase difference adjusting unit which
obtains a third shift value by adding the second shift value to
a shift value derived from the measured frame phase difference
15 with respect to the base station node accommodated as the slave
for notifying the third shift value as an shift value tobe adjusted
in the base station node.
A method of frame phase synchronous in a digital mobile
communications system, in which a plurality of relay nodes,
20 switching nodes as slave nodes of the relay node, and base station
nodes as slave nodes,of the switching node are provided, according
to the present invention is characterized by having the following
constructions:
(1) measuring a frame phase difference, in the relay node,

25 with respect to other relay nodes using a method of calculating



S invention. Fig. 3 is a block diagramshowi ng a construction of a franme
phase synchronous .part in a switching node according to the prQs#nMAR %003
invention. Fig. 4 is a block diagram showi ng a construction of a frane 1
phase synchronous part in a base station node according to the present
invention. Fig. 5 is a sequence di agram showi ng a procedure of executing a
phase shift according to the present invention. Fig. 6 is a sequence

di agram showi ng a one-way propagation 15 delay tine nmeasurenent using an

ATM cel | 1 90p:BAgkpn PETALLER, DESCR RILON, OF RREFARRED RMBCDIMENTS fibugn

architecture of a digit e conmuni cati on systemin one

t he present, i.nv ion will be explained 20 referring to Fig. 1.
(Cbnstruct%gg 8§E§he°@ﬁokéfgrn the present invention, respective nodes such
as a relay node 1, a switching node 2 and, a base station, node 3 are
connect ed vi a ad“ATRPEF ARERY <Et OR tANE 401 5R0VEIYS 97 anbdES L et abt ieH U8 ock

2~ synchroni zati on. The base station node 3 is a radi o base station 2 ~r
MAR 7003 for pdovisdiing thdi ohgeevisgachreactisr implsibiee neddes NOdrie swit chi ng
node 2 is a nobile switching center for swtching calls to/fromnobile
nodes 5t hrough the)radtofbase shatfionst ahd faomaloles firadi ohbaselsy atodansd or
the nobil e comuni cation. The relay node 1 is also a nobile switching

center, but apkychandl asgeekanhegtthabki g isnatRe nobile communication
network. The relay ndéde 1 can be a gateway switching center to interface

with other CO”"H@B%@Aéﬁk%§%§Q§%@§§$%§§d%f@é?%%&?ﬂ??@%%@ﬁﬁ@cﬁfﬁ (e A |

the relay nodes ‘arfe conne eac er witha nes . connection by
nodes accolThRat SESFRC 1o 58 By =hotalaf S b AnEErEn RASST KL ARIEICE
transm ssion lines . Further, each of the sw tching nodes accommpdates a
plurality vfitBasesgegtiem @ base station node as the slave using a method
10 of calculating a frame phase difference from a propagation delay
time through ATM cell loop-back;

(5) obtaining a second shift value, in the switching node,
by adding the notified first shift value to a shift value derived
from the measured frame phase difference with respect to the host

15 relay node for adjusting the phase synchronous in the switching
node;

(6) obtaining a third shift value, in the switching node,
by adding the second shift value to a shift value derived from
the measured frame phase difference with respect to the base

20 station node as the slave for notifying of the third shift value
the base station nqde; and

(7) adjusting the phase synchronous, in said base station

node, by the third shift value notified by the host switching node.

3]
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BRIEF DESCRIPTION OF THE DRAWINGS



nodes. 15 (Construction of Relay Node) Next, a construction oftj]heu'ﬁha
node 1 according to the present invention wll be described w 4r e§893
to Fig. 2. Each relay node includes a comunication control unit 11 for
perform ng comuni cations with other Qﬁlay nodes and with the 20 sw tching
nodes accommodat ed therein as slaves. Further, the relay node includes a
frame phase difference neasuring unit 12 for neasuring a franme phase

di fference between the relay nodes by using an ATM cel | | oop-back function,

a shift val ue-Zpggl cul ﬁé'@%%faﬂ%ﬁﬁi@'%'é&dnﬁﬂ@ sthidrdcmaldiandr Ot he
basis 2~ of an average value of the franme phase differences from ot her

rel ay Z 3 &@g&ggL@oamﬂggggtgghgh nggrgqen nmeasured by the franme phase
di fference nmeasuring unit, and a shift value-1 storage unit 14 for storing
the cal cul ated shift,val ue-1. reover, the relay node includes_a shift

Vel ues1 not fyi RbSunt t a8 PhPe TR BN SFPRoe-YAEdEnIo o ¢ Fane
sw tchi ng nodes accommodat ed therein as_the slaves, and a phase shift
processi ngPRAFE ABEBFORRBE RE Ry H ghageé aghnpHe o CEREABY alO rdte ALESEt i n
accordance with the shift value-1. Furthernore, the relay node includes a
f rameSphasenggntheonous signal device 17 for retaining clock
synchroni zati on established 10 within the system (Construction of

Swi t chi ng Node) FiNgXxt3 iss @opsbeuchiafrah Ihevisvd tacbbigtRrade i23naceod divignd 0O
the present invention is explained referring to Fig. 3. Each of the

swi tching gpdes isRelades o < IR £at EOR Gt Qly Idli §c2drfi®hg to the

i npl ementing communi cations wth the host relay node and the baSe station
nodes accommpdated.therein _as slaves. Further, the sw tching node includes
a frame phgggs PEf%Pg ¢ lﬁ%asuring unit 22 for measuring frane phase

di fferences between the host relay node and the smﬁtchinanode iitself and

between the 20 &hFt chilny 2nBA8Crt SERFTARFITIRHE FREE LSUALLOR Rbdfedrame

accomodat ed therein as the slaves by using the ATM cel | | oop-back
functlPon. phase synchronous part in a base station node according to the

present invention.

Fig. 5 is a sequence diagram showing a procedure of executing
a phase shift according to the present invention.

Fig. 6 is a sequence diagram showing a one-way propagation

15 delay time measurement using an ATM cell loop-back.

DETATLED DESCRIPTION OF PREFERRED EMBODIMENTS
An architecture of a digital mobile communication system in
one embodiment of the present invention will Dbe explained
20 referring to Fig. 1.
(Construction of the Whole)
In the present invention, respective nodes such as a relay
node 1, a switching node 2 and a base station node 3 are connected

via an ATM transmission line 4, and all the nodes establish clock

25 synchronization. The base station node 3 is a radio base station



Furthernore, the switching node includes a shift value-2 cal cul aty ng ft ‘
23 for calculating a shift value-2 by adding the shift val ue-1 of Wh“@&ktagoj
host relay node has notified to the 2~ frane phase difference between the
host rel ay node and the 2 4 MAR ~Ut =z~ 9 switching node itself which has
been neasured by the frame phase di f f érence measuring unit, and a shift
val ue-2 storage unit 24 for storing the calculated shift value-2. On the
ot her hand, the switching node includes a shift 5 value-3 calculating unit
25 for cal gat &g B iPirhlivabdeo BcPer N2 rShabk 08 hyqadding E@@_t%h'iﬁ?
value-2 to thé frame phase difference between the swtching node itself and
the all t .St at | .nades. t i 1 l.ave i has
been moasUlEe by Tha PratEepras cohr Y aranee: g e bt Ayt ey Bl
val ue-3 storage unit 26 for storin he cal cul ated shift value-3, and. a
bhase shi (HORT GR Ll HHAUGR COR BARLO T 00 G A GRy A1 RAMEHa i FagL0
execute a phase shift as well as notifying each base station node as the
sl ave of tessHifatienuda thsreebéle ¢prmepicehifag - nbde Fakdvidexia Iphase
shift 15 processing unit 28 for executing a phase shift of the swtching
node 3t seldlsom aancot tarme iting henshicf tbwalondy2hafdi e heratmyeing heaffic
swi tchi ng node includes a frane phase synchronous signal device 29 for
retaini ng therrd ado Sy chumniziadd b resiahild shedrid thi s ks &y St @iin 2@ 2
(Construction of Base Station Node) Next, a construction of the base
station no o L g i j il i,n -
referring ?%?%%%? %& ach5§ﬁ5$ﬁ§9ﬁ§§§Q?Fg?ﬁ%ﬁkio éﬁffﬁgggdgéHgﬁhl%gtlon
conmuni cation control, unit 3%-f0é iq@%enent%ng conguniﬁations wi th the host
2~ relay ndte’OFariRe?, 2thd bhde? st AP Robe P nBFLHRE ®a phase shift 2 4
MAR 200 processin% unit_ 32 for executing a phase shift of the base station
All the relay nodes are connected each other with a mesh type

10 connection by the ATM transmission lines. The relay node and a
plurality of switching nodes accommodated in the relay node are
also connected via the ATM transmission lines. Further, each of
the switching nodes accommodates a plurality of base station
nodes.

15 (Construction of Relay Node)

Next, a construction of the relay node 1 according to the
present invention will be described with reference to Fig. 2.
Each relay node includes a communication control unit 11 for
performing communications with other relay nodes and with the

20 switching nodes accommodated therein as slaves. Further, the
relay node includes/a frame phase difference measuring unit 12
for measuring a frame phase difference between the relay nodes

by using an ATM cell loop-back function, a shift value-1

calculating unit 13 for calculating a shift value-1 on the basis

o
(W J}

of an average value of the frame phase differences fromother relay



node itself in accordance with the shift value-3 of which the hogt

swi tchi ng node has notified. Furthernore, the base station node &INU%B 2003
frame phase synchronous signal device 33 for retaining 5 the cl ock

synchroni zation established within theg system (Explanation of Operation)

An operation of the frame phase synchronous system according to the present
invention will hereinafter be described with reference to Fig. 5. 10 To

start with, the relay node 1 and the switching node 2 neasure frane phase

di fferencegohetWe@R chN@RRSBREN e f0desd SHeht RS BehuweeRhkiRe BSRGIdNe
rel ay nodes, between the relay node and the sw tching node, and between the

swi t chi ng ggg 206ot R PASE A AL N0ds LS 52 ThE T8l Y f@%eﬂ%cge

nmeasur es, ase on-t cel oop- back rane hase fer

with respe ode d t he smntchln ur.es sed
on t he' ATVREI T2 Tooi B it TR L dra Lo e ST or etr%egeiﬁyhn ST BT he
host relay node and wth all the base station nodes as the slaves. This
frane phas@ épﬂﬁéréﬁé@enéa§@ﬁ%ﬁ¥ﬂnﬁmqﬂl?ol%e?%?nﬁPFé?ybége?Slépﬁeﬁtht
greater details referring to Fig. 6. To begin with, the neasuring side node
wite$ a tVﬁéu¢iltbha.&Wiﬁﬁhﬁﬂgﬁn@@@neaCC@mm@m@tAﬁwtberbihoasitﬁﬁ(ﬁﬂawqy,the
time when the cell is transmtted, and transmts this ATMcell to a

| oop- back sheea mdese/isaitftepeonByBiagt oDt cContiod edbBictitlnyla Gh2de )sHiram
the 2~ frane phase difference nmeasuring unit (12 or 22) (S61) . The 2 4

MAR 200 | ogp- bagkyside H&Q@ 1H§@Pfrﬁ?%é’dc§%érﬁk‘i‘e A&”\ﬁﬁ:edﬂe RS RL from

t he neasurlng side node (S62), wites a recelVvlng tlne (T2) and a send-back

time (T3) eqg the r i cel |
and sends {REUSFTChEEK %bs fﬁléﬂeaé%%@ L e e B
The neasuring s node, on receiving the cell Ioo ed back, record

recei vi ng ?F%\‘E 5i’zfi("’ls%ql Y/ ONer‘)?ctaltrHé‘ FaREKphEsEN BP T 27 BheR eﬁ&ﬁﬁﬁ%%nit
(12 or 22) calcul ates a one-way propagation delay tinme between the
measufi ng widBiRodBeasdstha .| oop- back side node fromthe obtained data

(S65) . 10 The one-way propagation delay time dmis obtained by an average
(Construction of Switching Node)

Next, a construction of the switching node 2 according to

the present invention is explained referring to Fig. 3.
Each of the switching nodes includes a communication control
15 unit 21 for implementing communications with the host relay node
and the base station nodes accommodated therein as slaves.
Further, the switching node includes a frame phase difference
measuring unit 22 for measuring frame phase differences between
the host relay node and the switching node itself and between the
20 switching node itself and all the base station nodes accommodated
therein as the slaves by using the ATM cell loop-back function.
Furthermore, the switching node includes a shift value-2
calculating unit 23 for calculating a shift value-2 by adding the
shift value-1 of which the host relay node has notified to the

25 frame phase difference between the host relay node and the



of T2-T1 and T4-T3. Further, the frame phase difference is calar”e g .
Herein, if there is no frame phase difference between the neas inéﬁ SEEUUS
node and the | oop-back side node, the ATMcell transmtted at the tine T3
in the | oop-back side node is to be 13 received by the measuring side node
at time T3 + dmafter the one-way propagation delay tinme dm has el apsed.
Nanely, the ATM cell receiving tine T4 in the nmeasuring side node nust be
equal to T3 + dm Accordingly, if the frame phase of the measuring side
node i s nNodwCOEMCH§ elddamMith el Fewhianenphasen Rebbarkaopy back e 30a8ede,
the frame phase difference is obtained by T4 - T3 - dm This franme phase

di 11 er ence, PASULLIBNe 18, il AR [ othd O BE @XCCUEA Sl hehlatid Uns e o4

ti me-synchroni zation, and nay ref ore be done when a nai nt emance worKker
makes a ti correction by ual .tine_adjustnment. 25 The shift val ue-1
cal cul atin 0{”ﬁﬁoﬁ§n%f@%30%g?£$£ t%%d%hlfg %aiﬁifgd~~ 12 cal cul ates the
shift value-1 by taking an average value of the franme phase differences
with respect tddtkRBE PEN&F ﬁﬁﬂég wWHR & hS W BCBBREi RedSt Rrstigehed f FRAdt
phase difference nmeasurenent by the frame phase difference nmeasuring unit
12 (S12) ,vakuke ndkeslahier Gimhidnitvdbugol sabrabrtimyta Bhitfy stedietBhpsr
value (S13) . Further, the shift value-1 notifying unit 15 notifies of the

shift val ugade adtathenswiyt chidigjighodes siscotmodated2asd hehes| avese (Bhdke I n
each switching node 2, the shift value-2 calculating unit 23 calcul ates a

shift val ugr 2r bye RALING Ji %B@@wﬂ’@?ﬁmfinfofd%r £p681 20 thof £5P&Ge baskhe

host relay node which has been obtai ned through the frame phase difference

measur enen o I he i ft. v : [ t t.re o] .fied
(522) ot ekl o L ML S cligrane’ 8 PR v Y P PES, ARGl
(S23) . Furthernore, the shift value-3 calculating unit calcylates a shift
val ue-3 pePeATIHEL LB diT TS 5P CaddithG HERE S MRS YAk Uil e PefABe T t h
respect to each base station node acconmpdated as the slave which has been
obt aled tPbigh3 tHe Hageran phase farf§lereine tieasat ewbat edthife vehinetr 3,

val ue-2 (S24), and makes the shift value-3 storage unit 26 to store with

t hi s val ueaif&25b)phase shift processing indication unit 27 for giving an

indication to execute a phase shift as well as notifying each base
station node as the slave of the shift value-3.
Moreover, the switching node includes a phase shift
15 processing unit 28 for executing a phase shift of the switching
node itself in accordance with the shift value-2. Furthermore,
the switching nodé‘includes a frame phase synchronous signal
device 29 for retaining the clock synchronization established
within the system.
20 (Construction of Base Station Node)
Next, a construction of the base station node 3 according
to the present invention will be explained referring to Fig. 4.

Fach of the base station nodes includes a communication

control unit 31 for implementing communications with the host

o
h

relay node. Further, the base station node includes a phase shift



20 Wth the operation described above, each relay node and smntczd
execute, in a state of being stored wwth the shift val ues | Za @A&EQOS
phase shifts at a predetermned tine specified as every target time.

each relay node 1, the phase shift pr ﬁESSIng unit 16 reads 2~ at the

pr edet er m ned tine the shift value-1 3 eviously stored in z 4 MaR 2003 13
the shift value-1 storage unit 14, and executes the phase shift for
correcting the frame phase difference with respect to the frame phase

synchronougy§£g83k ngai0€ 327 d Stk cuk nAs hrawd chi rg WQ%ezbaég%t%%%%
shift processing unit 28 reads at the same predetermned tine as tha |n

the relay node e 8P dalues - PLEVIOUSLYLSIr 601L0-4hee SHLLE vl Y

st orage uni execu hase™s correc ingt

phase differenpce mnt pect to th fr hase synchronous_ si nal deV|ce
D07 (527) . FRESB N RIS HBRCRPEEThfe. F LT TG 90 TiReDpARot S 51 54 he
base station node 3 accomvbdated as the slave, and hence, before effecting
the phase SRFLRIESEEramethRaFREYICIIONOUS AeIPRASEE EHIG 83pfor asdiaiging
indication unit 27 reads the shift value-3 fromthe shift val ue-3 storage

unit 36, tthasnoilbskt hgncbhrpespaendongeshibbfiigakdewdthanedtle Isyseest.ati on 15
node 3 accommbdated as the slave, and gives an indication to execute the

phase shift pro¢g§§lé§g§10nlaftbﬁepgﬁgoﬁgation node 3, when receiving the
shift value-3 transmitted fromthe host switching node 2 at the

predeterm ned thfe, 106 4 Qﬂ%? &Y B Rég&?dé% @9n%'rton%%s%;Z%érﬁ%c@b%ﬁ%se

shift 20 for correcting t rame p ence wth spect to

frame phas chronous .signal device te that .the shift v Iue 1
< oot "he ERe Bber it A hR T Fid el G cheed BEFREEH i
rel ay nodes, however, if the nunber of nodes increases, a nedian or a node
may al so b&e§arenceasot RéIshPft value-1 in order to avoid an influence of

scatter.
10 To start with, the relay node 1 and the switching node 2

measure frame phase differences between the respective nodes such

as between the respective relay nodes, between the relay node and

the switching node, and between the switching node and the base
station node (S11, S21). The relay node 1 measures, based on the

15 ATM cell loop-back, the frame phase difference with respect to
other relay nodes, and the switching node measures, based on the

ATM cell loop-back, the frame phase differences with respect to

the host relay node and with all the base station nodes as the
slaves. This frame phase difference measurement will

20 hereinafter be explained in greater details referring to Fig. 6.
To begin with,/the measuring side node writes a time Tl to

a time data segment of the ATM cell for indicating the time when

the cell is transmitted, and transmits this ATM cell to a loop-hack

side node via the communication control unit (11 or 21) from the

[\
n

frame phase difference measuring unit (12 or 22) (S6l). The



2 4 MAR 2003 is Further, the ATMtransm ssion |line has a |arge scatter of

del ay fluctuations, and therefore an average val ue or a mnedi ang;)t, Hmd@g%
may al so be taken by carrying out the nmeasurenent a plurality times

nmeasuring the phase difference between,the respective 5 nodes. In this
enbodi nent, the franme phase differencé between the relay node and the
swi t chi ng nodes accommopdated as the slaves, is neasured in the swi tching
node, however, this construction nay be made so that the neasurenent is

ef fected iTodpepsek aydeotdede 1o theeivihg tramermbase whtdd onenced Bebween
the switching node and the base station nodes acconmodated as the sl aves,

|5 measur edhd iddig, SIS S0 sapdle. sBOWEVRE (LBT S CANSTLUS 1B e afpde

so that measurement 1s inplenented in'fhe base station node. According to

the present invention, .t is feasible to |I5 e blish the high-accurac
frant phast SREHHT St Tt Rin rReS ABB L bl A1t e FE B ot ause
of using the ATMtransm ssion |line for peasuring _the transm ssion del ay
Uime. Fur (herthe Heer S99 1<e b 7t G5t Trorcotife PR Sp FASe ™A SPRd 1Y

network as a whol e, and, because of the frame phase being 20 determ ned by
a sta?istizidearede detvRentime TRl @O TodeShet Reaspeia ¢ denR@gemeiPons
facilitated as well as increasing a redundancy of retaining the frame phase
as the netyeckivihpreeveelltilwdadbecky vyt atraate betve edmehed r(sledy .
nodes is corrected by the nutual synchronizing system while the frame 2~

synchroni zgdion bekwesidiephgbay diede rand el hee Syt &hd ngnRede andor 227 MAR
~~~~ 1~ between the switching node and the base station node, is corrected

RN B L E e e
exhibiting Such an STEeek £Sop Bl el bAl &S UG ML Wi as n2 MR 35T
10 The one-way propagation delay time dm is obtained by an average
of T2-T1 and T4-T3. Further, the frame phase difference 1is
calculated. Herein, if there is no frame phase difference between
the measuring side node and the loop-back side node, the ATM cell
transmitted at the time T3 in the loop-back side node is to be
15 received by the measuring side node at time T3 + dm after the
one-way propagation delay time dm has elapsed. Namely, the ATM
cell receiving timé‘T4 in the measuring side node must be equal
to T3 + dm. Accordingly, if the frame phase of the measuring side
node is not coincident with the frame phase in the loop-back side
20 node, the frame phase difference is obtained by T4 - T3 - dm.
This frame phase difference measurement is not required to
be executed strictly in time-synchronization, and may therefore

be done when a maintenance worker makes a time corrxection by a

manual time adjustment.

o
W

The shift value-1 calculating unit 13 of each relay node



16 WHAT IS CLAIMED I'S: 1. A frame phase synchronous system for adjusting
phase synchroni zation in a digital nobile comrunications system said
system conprising: 5 a relay node for neasuring a frane phase |‘ff %(26903
Wi th respect to other relay nodes usig% a nmethod of calculating a frame
phase difference froma propagation defay tinme through ATM cel |l | oop-back,
for obtaining an optimumshift value as a first shift value for adjusting

t he phase synchronous in the relay node, and 10 for notifying of the first

shift val uga@csyhtehi fgenodercopaBed €d B Salthd &lya AS AR et
swi tching node for neasuring a frane phase difference wt respect to said

host rel anyQzquV@E‘éjsécf % n_e%}[]kaesdﬁewgt Pes %%t"“cbhoEﬁéfefélé tc%“ on

node as the s usin culatln rane %hase d| erence
froma pro atlon dela time t ugh ATNIceII . back, for abtai a
second ohi FEVAR RSN SHuF PETE H i A 3% T s RS RE Tt BY

val ue derived fromthe neasured frame phase difference with respect to said
host rel aythederges padisesti hfe ¥ prCp eSS WiMhpaasus? | (P the SRALENISR) tHG
node, and for obtaining a third shift value by adding the second shift
vaIueSto askhiftvalalardl deorugd umidnl § e seasardd f vateepltlsy) di Fluertdrce
wWith respect to said base station node as the slave for notifying of the

third shi f{:hé‘aslrtﬁ?fﬁ@iadu'éaienéﬁﬁf%@ﬁg nede; 18nhb 21 e HaFe Bk adh DAt RAd@ef-ar
adj usting the phase synchronous 17 ~ 4 MAR ~99~ the third shift val ue

not i fi ed bxl§atﬂeh9§5téﬂaégh' aeeog gﬂrtE@ehragetagagﬁa%ggcn@qqqus system

according to claim1l, sai ay no conpri si ng: a first frane

h di ff ) f h ff h
P eapect Lo ot not 1oty HOAEE 181 I ot Pbct Or car CEaEl ot & 1T hus pade

di fference fron1a propagatlon del ay tine through ATM cell | oop-back, and
for 23 calculates a shift value-2 by adding the frame phase difference
10 with respect to the host relay node which has been obtained through

the frame phase difference measurement, to the shift value-1 of
which the host relay node has notified (S22), and makes the shift
value-2 storage unit 24 to store this value (S23). Furthermore,
the shift value-3 calculating unit calculates a shift value-3 per

15 base station node by adding the frame phase difference with
respect to each base station node accommodated as the slave which
has been obtained through the frame phase difference measurement,
to the shift value-2 (S24), and makes the shift value-3 storage
unit 26 to store with this wvalue (S25).

20 With the operation described above, each relay node and
switching node execgte, in a state of being stored with the shift
values 1, 2 and 3, the phase shifts at a predetermined time
specified as every target time.

In each relay node 1, the phase shift processingunit 16 reads

ro
N

at the predetermined time the shift value-1 previously stored in



obtaining an optimum shift value as a first shift value for 10 adjusting

t he phase synchronous in the relay node; and a first shift val i y)
unit for notifying of the first shift value said swtching nodze"'r}‘ﬂm:‘ngm}8
accomobdat ed as a slave. 3. The frane,phase synchronous system according to
claim2, said | S swtching node furthé? conprising: a frame phase
dlfference measuring unit for nmeasuring a frame phase difference with
respect to said host relay node and a frame phase difference with respect

to said bagg %trﬁtﬂtoaraa@@a1a@%@@agdaﬁﬁﬂta§4thﬁucﬁleaeé%ut%wh% pehRadspf
calculating a franme 20 phase difference froma propagation delay tinme

through ATMP%A::%@@PHP he 8¢ A rkg@ziéég?n Sné?éfxf« LRNEES §9!EHS% it t

for obtaining a secon t va ad e notifred value

t hi ft_val ue d d Lhe f i 2w th
rZSSeit'tofrla?w%e%aiﬁré%%ﬁ-ﬁ%“%u?o?f“% R nL phate! - 274 WAR 200

synchronous in the switching node; and a third frane phase difference

adj usting unit ¥oreasht &' g idg mods @hlFpevapééeb§hééalHﬁoﬁﬁésééaoHHlEhlft
value to a shift value derived fromthe neasured frane phase difference
with 5 resifeceads shithdbasamespacilohenvdsedceonesdntbdtasnttie gedvy hode
notifying the third shift value as an shift value to be adjusted in the

base st atite BodeEtr $allbe2fpasmei Phabe s dAOLSe Hitst BiMvadeer@i Bgotagel ai m
2, 10 wherein said first frame phase difference adjusting unit obtains the

opti mum shif{+ val U%n@%ﬁédtre%i 3 fp*ha%%' ueifrer sadi H%E'reattlh@ PRaserame

synchronous in the relay node, by tak |ng an average value of "the frane

phase diff rence th I eSpec pIur Lity, of ot 15
5. The frdme p d@%ygyncﬁ %ngﬁéhsys Qﬁfgccorihe TeT & n%% mﬁé?g?ggéng

first frane(fhase dlfference adjusting unit obtalns t he optln%n1sh|ft

val ue, as B9135tdSHIGq Arall §§7f)or Ry est ndtihe pade oG8 FROt fe
rel ay node, by taking a nedian of the 20 frane phase dlfferences W th
respeét t(ﬁhﬁughqﬂqnqhqﬁgfqﬁ tdrehédase station node 3 accommodated as the

slave, and hence, before effecting the phase shift (S27) of the
node itself, the phase shift processing indication unit 27 reads
the shift wvalue-3 from the shift wvalue-3 storage unit 26,
transmits the corresponding shift value-3 to each base station

15 node 3 accommodated as the slave, and gives an indication to
execute the phase shift process (S26).

In the base station node 3, when receiving the shift value-3
transmitted from the host switching node 2 at the predetermined
time, the phase shift processing unit 32 executes the phase shift

20 for correcting the frame phase difference with respect to the
frame phase synchronous signal device 33 (S31).

Note that the shift value-1 is set as the average value of

the frame phase differences between the relay nodes, however, 1if

the number of nodes increases, a median or a mode may also be set

9]
L]

as the shift value-1 in order to avoid an influence of scatter.



rel ay nodes. 6. The frame phase synchronous system according to claim 2,
wherein said first frame phase difference adjusting unit 0btain2‘?1ﬂﬁ&§2003
optimum shift value, as a first shift value for adjusting the 2

2003 19 phase synchronous in the relaé4node, by taking a node of the frane
phase differences with respect to said plurality of other relay nodes. 5 7.
A net hod of frame phase synchronous in a digital nobile comunications
systemin which a plurality of relay nodes, sw tching nodes as slave nodes
of the relpyrfde, and Aese rshahier ikedesnasnsbayel NHogless Qft dde cevgkehiyng
node are provided, said nethod conprising: 10 neasuring a frame phase

di fferencegq| I I n 1 e r I - i a
Tet hod of AT CUTaE R A Frane rBeE i PRB AT YL oo (RLREE 48l
time through ATM cel | | pop-back; ohtaining an optinumshjft value .as a
first ohi (TRYALR Por 7 SR GG 1He CHRal B SREAY BRBCS ti h R ey Ofode
notifying the first shift value fromthe relay node to a switching node
connect ed EHNRRIH e8P SHEHBI S % PHESRedl FEGERPFRgPAT TR e Fha§epective
difference, in said switching node, with respect to said host relay node
and aSfraneoghase difference 20 with respect to a base station node as the
sl ave using a nethod of calculating a frane phase difference froma
propagation delay #Hiee erboougienATMBel Frhnepoiesk Dbt Bd rdmge desveeidtabi ft
value, in said switching node, by adding the notified first shift value to

a shift vawfageﬁ&a/@dar?cr %Heﬁ/ﬁv?}ii%‘:ch Wel f AR rRRese i ffenercewbl,

respect to sald host 2 2003 20 relay node for adjusting the phase

synchronoulss 'm%atsrflei‘:esd%lt’x(;c}}{engwgggﬁing node, however, this construction may

be made so that the measurement is effected in the relay node.
10 Further, the frame phase difference between the switching node
and the base station nodes accommodated as the slaves, is measured
in the switching node, however, this construction may be made so

that measurement is implemented in the base station node.
According to the present invention, it is feasible to
15 establish the high-accuracy frame phase synchronization within
the mobile communication network because of using the ATM
transmission line for measuring the transmission delay time.
Further, there exists no master node for the frame phase in the
network as a whole, and, because of the frame phase being
20 determined by a statistic average between the relay nodes, the
operation management is facilitated as well as increasing a
redundancy of retaining the frame phase as the network. Moreover,
the frame synchronization between the relay nodes is corrected

by the mutual synchronizing system, while the frame

o9
h

synchronization between the relay node and the switching node and



obtaining a third shift value, in said switching node, by adding the second
shift value to a shift value derived fromthe 5 neasured franme ﬂat'seM
difference with respect to said base station node as the slave f AR ¢003
notifying of the third shift value said base station node; and adjusting

t he phase synchronous, in said base st i on node, by the third shift val ue
notified by said host swi tching node. 10
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910%&' ()-49d0%&' () - AEYNCYG' 10%g
(10%&' () - | y8¥beUR €9 otShLr1DIKA | )radie'slA%&nG)a method of calculating a frame

phase difference from a propagation delay time through ATM cell
loop-back, for obtaining an optimum shift value as a first shift
value for adjusting the phase synchronous in the relay node, and

10 for notifying of the first shift value a switching node connected
to said relay node as a slave;

a switching node for measuring a frame phase difference with
respect to said host relay node and a frame phase difference with
respect to a base station node as the slave using a method of

15 calculating a frame phase difference froma propagationdelay time
through ATM cell loop-back, for obtaining a second shift value
by adding the notified first shift value to a shift value derived
from the measured frame phase difference with respect to said host
relay node for adjusting the phase synchronous in the switching

20 node, and for obtaining a third shift value by adding the second
shift value to a shift value derived from the measured frame phase
difference with respect to said base station node as the slave

for notifying of the third shift value said base station node;

and

3]
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a base station node for adjusting the phase synchronous by
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propagation delay time through ATM cell loop-back, and for
obtaining an optimum shift wvalue as a first shift wvalue for
10 adjusting the phase synchronous in the relay node; and

a first shift value notifying unit for notifying of the first

shift value said switching node accommodated as a slave.

3. The frame phase synchronous system according to claim Z, said
15 switching node further comprising:

a frame phase difference measuringunit for measuring a frame
phase difference wi;h respect to said host relay node and a frame
phase difference with respect to said base station node
accommodated as the slave using a method of calculating a frame

20 phase difference from a propagation delay time through ATM cell
loop-back;

a second frame phase difference adjusting unit for obtaining

a second shift value by adding the notified first shift value to

a shift value derived from the measured frame phase difference

I
h

with respect to said host relay node for adjusting the phase
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other relay nodes.

5. The frame phase synchronous system according to claim 2,
wherein said first frame phase difference adjusting unit obtains
the optimum shift value, as a first shift value for adjusting the
phase synchronous in the relay node, by taking a median of the
20 frame phase differences with respect to said plurality of other

relay nodes.

6. The frame phase synchronous system according to claim 2,

wherein said first frame phase difference adjusting unit obtains

(]
wh

the optimum shift value, as a first shift value for adjusting the
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109 () -1, 30BN >at 0ORs ()syI%eml 08’ Whidh a plurality of relay nodes,
switching nodes as slave nodes of the relay node, and base station
nodes as slave nodes of the switching node are provided, said
method comprising:

10 measuring a frame phase difference, in said relay node, with
respect to other relay nodes using a method of calculating a frame
phase difference from a propagation delay time through ATM cell
loop-back;

obtaining an optimum shift value as a first shift value for
15 adjusting the phase synchronous in the relay node;
notifying the first shift value from the relay node to a
switching node connected to said relay node as a slave;
measuring a frame phase difference, in said switching node,
with respect to said host relay node and a frame phase difference

20 with respect to a base station node as the slave using a method
of calculating a frame phase difference from a propagation delay
time through ATM cell loop-back;

obtaining a second shift value, in said switching node, by

adding the notified first shift value to a shift value derived

)
(]

from the measured frame phase difference with respect to said host



10 10 10! <%40% ()-_4 p " aladEbC 10(!13"10% ()-1&

109& () -1"109%& ()- 39409 ()-Y'109%& ()-| m 109%& () - | aaabPbcbf deb? A beg 2<PU
10(! YS&LOY& () - 9$109& ()-1""109& ()-1"109& ()-1"109%& ()- F9L0%& [)-f gacc
cdEbC 10(!L310%& ()-F

1960% ()-.1"10% ()-,1"109% ()-*1"10% ()- (F" 10%& () - ccldvdwdxdydddbC

10(! 109 ()- % 109& ()- 10 10 10F;

(109& () - 9nt 109& () - 73" 109%& () - ddeePeeedEbC 10(! L" 109& () -

Eo(l?g/&f (1 2)(-)/3@4%)@%&%16)1& rfdP%a{usding @%k Phalse" $Q¥&htbnelik_fAffllERG i tching

" 1098 ()-'égo () - YOLOY& ()-1109%& ()-f"10%& ()-f)g_gghNhhaBbC

10( Y3194.09& () -/ "109%& ()-Y , 109& ()-!("109%& ()-1f&I109%& ()-Y

L$10%&' () -hhh-iliiii,idYNC 10(.1Q 10.10l;%0%& ()-9"10%&' ()-.

7200 () 5100& CP T IEbEA LAV T TR 1oth S0V (1 1A ERE RGeS BY
109 ()- @ 10%&' ()-109%& ()- Y% 10%&' ()-Fjj kkZkkkkdE5C 1010109%& é) -Y"109%& () -
f110%& () - 980IRI( Fhe1898O1s - Boa by 3)ue N§Y RaPRLithe¥alHE 48F LV HELRM g e
23] ¢" "Heading 33]c" "Heading 43]c" "Heading 53]c" "Heading 63]c" "Heading
73] ¢" 5" Heateagugscf rame adiasg 93T Eepenoefwililt rPapPegtaph Jeditt pase station
u&e, . 2*8v>DIPQ W xaf hl nprt vxz| ~n6#* 2| 9dAH+PTW cj kJ KLMNOPQRSTUVWKYS#

q496{] 7 K! yio#d&as (2 s1%EVMRA 4056 FvAng of the third shift value said base

; =>@ABODEFG | JLMNOXQSSTUBWKZZS$\ ] ?__ | af bcdef hij kZ[\]"_"abcdef ghi j kl mopqr st
uvwxyz{| } ~@Ti,nmes NewsRaomapdri al Courier New'h Root EntryWrdDocunent _

| " #SYR () *+, -./0123456789: ;

<=>?@\BCDEFGHI J gﬁ%%%-r%@s\ %—y\n%tl)&%%fo%@i ,j K| mopar S RYZ{ Ll Tode ,

by the third shift value notified by said host switching node.
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