





IPR2025-0044Page0028:¢



WO 2004/057903 PCT/IP2002/013331

23

G BRLANTNT RZODEFEFEFRY T —ITNA RBDHR) THS,

BERERESIL, REOCBEICBISBEMETH D, FEIRELIX, BE
DBEFICBITZEEFHSETHS. TN ARELD, ZUXy FT—ZF N
A ZBMERBIPARRMITREND, Ty b T—ZRBER, A1 >FTx—

5 AELUTEEEDNTWIDEMIGRENS.

16133y hU—2IHHEEEL 408ERRT 7 O0—Fvy—rTH 5D,

(S91] ARV IEZELEAME,PZHET S, ZELZESIE. 1M
B THIET 5,
(S92) BBUBAEREZZEFELEES, 774NV M —F2EBEDOT 57

10 ==—2XAHFMmMET5B, '

(S93) BEA>F 72— AUADREEREKEEIICL. ATV 7S 9 1R
5. ‘

(S94) AA A I T —RAEBEREZELEZES. AT Tx—
AEEEDORY FT—I A4 7 —RTHELZ, AFv TS 9 1~ES,

15 KICHRw b T—0FTNA ADEIL - BENTHEDSEFFEHDON Y RE—NIZDNWT
FHAT D, Ry FU—IFNA AL 1 OFES) - FEIEOBERT FU s — a1
S5MBERIRETH 528, AFHATIIFILRNERINTERICRY PI—IF N1 X
MMEILTAENCHE MDA LI T —ABPHABZZEITED, N RF—N
MEEEEICTS. ChickD, AR VY 72— ADEIRICES /Xy h

20 ABBLSTIENTES,

Eiz, Ty MT—IFNA AL 13MFILREBICH D L&, BEFEERINEZE
BT I T — ADEHNBEEZERE L 2BICUEBEX 2ERT 5. INiLES
MENFET T HRICTHBEAEREZRFET S E. BETERWLWRY NY—IFNA
REMMNER Y b T—2BF 73 Mb— MR 0Ty bOBRNRFELET S

25 FEMENRHBEDTHD.

Fv NT—ZHIBEL 4RO > F 72— ANBE 1 4biE, 1> T —2R
DEFIEERZZELEGE. XY M= TNT AOREZEILOREICEEL
72, R NU—ZWEZEHEERL 3 b~FRy NT—UUBAEREZEET D,

ZFUT, 2y bUT—ZEBIHEEL 3BT, 2y hU—7 RENEE

IPR2025-00447 Page 00284



10

15

20

25

WO 2004/057903 ' PCT/IP2002/013331

24

REORY FT—TTNTADS EEEEMBIRBENDONEREN, =0T
NAZADENIZFR Y T =T ~DN\ > RE—NUE P THhi5S,

ZTD#H, 1277 —AUEE 1 4biE. XY MT—ITNAADATF T
—AZYWT 5, £, TR IEHEREZELAHACE. Ry hT—2F
N A DEEUEETRIC, Xy hU—J WA ERE Ry MU — 27 G X filE
13 bARETSD,

Bl1 734> 7x—R0NEE1 4 Db DEWERZRT 7O0—F ¥ — M TH5B,

(S101) ARPEZRELENENZHBTS. ZELEBSE. 12
R THIET 5,

(S102a) BFEREZELZBEG. SNAARENBEENENZHETT 5.
BEAERLATYTS101ANRD, F5TRINEATYTFSL02bAL,

(S102Db) FNAREHREETD,

(S102c) FNAADHEEZBEEIREICT S,

(S102d)] Ry hUY—IEWBAEREZRY hU—JUEZLHIEEEL 3 b B
ML, AFv7S101~NRE5,

(S103a) EBLEEREZFELEZES. TN DRENEBENSNZ2HETT S,
BELLATY TS 10 1NRED, 3 TRFNIERFTY 7S 103 bAng,

(S103b) FNNAADRBZFEILTHREBIZT S,

(S103cl] Xy Ny —JHUEAEREZRY NT—ZEZHE 1 3 bGE
ML, AFwv7S101~NE3,

(S104) UEASETEAEZELEEE. BLEFRHRBOFNT ZEFART
kL., RERELRCL, AFYFS101~E5,

PLEFBALZZL ST, BT 7Y —anedDA 2y 7 —AYo2 (&
1B) MMEMRERINEZHEIT. HRERBTMF T —ARNEBRmIN 2Ry b Y
— M. AL bRy - DOEEE. BIEICY T ((ZI1b) WEESEETS
DTIHRLS, DXy b T—IANDFy b T — 7 U TN > R — /NI
ZEML., MESETRICY D (B WEEERET S, kD, ENTIL
J—R1O0OBBEFTHE>THDA I T —AFT T MEICILD., BEEPET
BT & <BIEEMT 2 Z LNHRICR S, '

IPR2025-00447 Page 00285



10

15

20

25

WO 2004/057903 PCT/JP2002/013331

25

KIZY > 7 QUL - BRI S FFRHEDNS RA—NICDWTHEAT S, R v
NT— 7 OERE - UIEOBRIEIR. T TV S — a1l SNSREETH SN, KFE
BT, U2 UERERS N TERICUM T 2RMICHENEDRY hNT—U %
MBFEATNY RA—NLEZSHEITS. chickD, ERPSRy bT—J 0
IFICEES Ny PR ZRBE T I ENTE S,

Ele. B2y NT—TFNA ANEPRRBICH B EE. U I EREERINE
BE. 1 2Y T o — A OERLE SR LRI EERT 5, JHILY
OGNS T ASMIICBAERERETD &, BETERNRXY FT—
ZINT T Rb— MTRONT Y COERPFEETSREEERH 272D TH 3,

18U IUEE L 4 c DEfEZRT 7O —F ¥ — M TH 5B,

(S111]) AR ZEZELENENZHET S, ZELEHAE. T2
BRI THIET B, |
(S112a) BEIERZZELLZBS. U RESERENMENEHET S,
BRROATY TS 11 1~NRD, T TRITNERATFY IS 112 b,
(S112bl] YUIERNEEZITS,

(S112c) UZREBZEEREIZT S,

(S112d) Xy bI—JUPBXEREZRY FT—JOEBEAKEEL 3 bE
ML, AFv7S111~RE5,

(S113al] UIFERZZELEZES. U2 REABEMNENEHE{TS,
EHEO5ATY 7S 11 1~NRD, T3 TRITINIIRATY IS 113 b,
(S118Db) UXIDREBEZUEFHIRERIZT S,

(S113cl] Ry bIT—JEZEREZRY FT—JUEBRZFIHEZEL 3 b~E
HIL, A5wvw 7S 111~NE5,

(S114) YPEAZETEAEZEZELESS. UHFHREORY NT—2 27T
XTI L. REEGMICL, A5y 7S 11 1~NRE5,

DIEFBHLELDSIIC, 77U — a5 OBEDEEDY > 7 Tkl
HEPNEREINZESIZ. ARERBU TR, AL bRy b= DB,
gz y > 7 OEEZ2ERT 5O TEHRLS, MOFY hT—IAOFy hT—
DB ZMBREONY B —NG#EZERL. AT THRICYU > 7 gz

IPR2025-00447 Page 00286



10

15

20

25

WO 2004/057903 PCT/IP2002/013331

26

W5, ZHUTED, ENTIL —ENEFEP TH>THY > ZUBAEIZLD.
BEZPET B E<BEEZMET B CEATRITES.

RICF I EBARA N5 Z LIk BERFBHONS FA—/NITDWTH
Y 5. K1 9T 7RZART 2 MIEZON RE—NZHHATSZDDORT
HB. BRLANE TIO7EARLT 51, 52 &EEHETS. &=, BNV
J—F10l@7IEARLT b5 12N LU CHEEZfTF> TS ET S,

TOEARA 5 1 OBEREFMETITDH L, ENAI/—F1L 0 N>
RF—NNZ2fTD. LEBLUTEEN FA—NNTIX, BEXy FU—FZHEDON K
F—NBNRICLZN, CZDOFTERA—DFR Y NT—INDOT 7 EARA 2>k
ZUBEZSBDET 5,

BOBFE., FIZEARAT 5 1 OBEBENMET LRI, 2 EZ
FTIZEARALRE 2IRLTNY RA—NE2TS. ZDX3IZ. ERPOERE
BEOBHBENTE > EE. ROBFEILEAT + 7iEME U TERL ANDIER
NS, BESEROERBENERARN /RS ICERERIERY 7 AR

hERRT S, TLUT ERPOERERE S OERMEFETERI R0 2K,
FENICRBL TBWET 7 AR > hABRRIIN D R —/NE2EB LEFE 2k
BT D, 188, TOXIRBRTIEARA > MO\ BA—/)NOFEMHEIEZ. BE
2w hT—ZEON BRF-NEHEEFERRTH D720, FEMGIREOBRHEITEEd
5, |

¥z, EEOFITHE, A—0ERL ANIZBITB T 7 EAR1 > ORI
DNWTHRLED, BEZEHRLANBTT 7E2ARA > MoOBAZITo>TdL
W (AR EBRLANS a LOF IV EARI 51 anbEBLANS Db E
DT IEARAL 51 b NOUWER) .

PESFHLAEILS I, EFEACINEK ENCIVIPRY U= ETONY
RF—NNIZBNWT, Ry bU—7 L OBEFMFRINEEELRDZOT/NTy b
ADFRERRLSTENTES, LEARST, EECHEERED I PEENERT
NadaERL. FY MI—TDI—AVARBN RE—NEBI—TITRHETEZ
EHHIREIZ/R B,

FZIE, T —UREFHEHOHEZEELZ I PEFE2HAWT. BEEE2To>TWY

IPR2025-00447 Page 00287



10

15

20

WO 2004/057903 PCT/IP2002/613331

27

DEEITRy hT— B ESBERHEI-—PIRERSES &N,
£z, I—TREEDEDOA MY —I > F—F2RENEBEL ThBIEEIC
By Ry T —ZEBZCHEIBIEOEIEENTRER N,

E 5T, BHEHEICINE, BERE TERTFEROTNTNORMEIH L T, &
THEERCEHBEZERT. Ry bT7—20UBAHRBIZTS 2 &Ik, BE
L7ZREETORY N~V ERERIHTS & TES, 20D, EREEXY
U — 7 OEFMTIEEOBHBENETLTBEE TH> T, x v bT—JDINY
VERBETNUCHED /A XDFEEZR/NBIZHNA D ENTE, ZELEGED
FNEFEZI—FICRET D I EAFERIC/R S,

PLEFREA L7291, BFEHDOENTIV ./ —RIL, v hT—27 FEDOIREID
T T, BESMUBINZEIC. &IMAT7 R A&7 RUABRGREAEEBLT, &
BIEEMOBEREERTE L., SRRy N —JICEREEZTEZSZDDN R
F—NZfT, K7 RUVANRTY R ABEETEHR SN, BENTEHINS X
Tk, WEARMDOR Y hU— EOZEHEERETIHEMRE L. CHITXKD,
TR T S A S Uy /5B ORESEIE 2 BIFICHERE T 3 2 £ TE B 0T,
ENAINVIPRYy hU—27 L TOHEEHREOHM LZKS Z ETRRIZRS,

FERIEDWTIHBIZAFHOEBEZRIT DO TH S, THIZ. ZEOER. &
ENRMFEEICE S THRETH D, FEHIILREICRL., SHALZIERTERB X
KIEAFICREZNS SO TR, HIET 5T RTOERHF B I NEGEYIL.
BT OFEREBIFZOBEEMT X S5EHPFAOHRB AT ENS,

IPR2025-00447 Page 00288



10

15

20

25

WO 2004/057903 PCT/IP2002/013331

28

ﬂlm

R oo @ A

1. ENTMINVIPRy bU—T ETHEEZITOENTMI —FCBAT,

Fy T EBRETHI 2 T2 —ABEEZFIT By FU—IFT N1 R &,

HIFE Ry U —0 FNA APRZET2BHBRE XL ITERTRODRS &ED—
FHIZbEDWT, ZFy M-V REEZEHRTI Fy bU— 7 RBEHRIT &,

Fw b= BBEORREBISHC T, BENUINDENINC. [T RLXZ2Y
RV RABEGRENREL T, BEBROREEZEEL., 523y NU—IiTE
BT EZDDONY BRI —INETDIN\ R —/\NGH#EEE &,

AR Y RLANRY RLABRBETEF INEAIE2RTREEZEL. B
BRI EINSE T, UBAMORY U —0 EOZEHEEHEFTS R Y
T — 27 HIFEER & .

EETBHIEE/FHETHIENAMIIN S —R,

2. WXy hT—7 REEREE. BEBELTHWSRYy NT—I DRy b
T—7 WEOETER#ET S &, jiEe/\ > R —NNHIEEIX. 5%y Y
— I NERERYEAS SRR ET BEROHMFASE L IHREEDOE/NTI. —
F.

3.  EiEdxRw MNU— REEEEE. UEBARIORY hU—I DRy hTU—Z
MENERLAEC EE2RHBT S E. BN B —N\HIEERT. coWEIFO
Fy M= ICERAEERT L2/ ETHEEROHFE 1 /LD TN IV
J—F,

4.  EIEN FZ—/NHE#EEE. Ry b —IBEROEBERIEMEREL. Ry
FU—Z REOELITHR LT, BERIBMEOENRY bT—T AN RA—NET
SRR ET IEROHBLE 1 HEHROENTIV — R,

5. HIEERY N7 REERIEIL. BREOMEETE2HBRHET 300K TE
& \mgﬁméﬁ&?%twwﬁmﬁﬁ&%ﬁb\%ﬁﬂxhi INFIREER V.
ZETLSEHOREMITHEZ TE ZHE8IIE. Fy N7 —27 REETICHE
SN RF—=N2TNn, ZETHIEROHENEIHMESZ LB - &8I,
v NI —ZEBIBICEINS RF—NBITD T &2 E T 5 ROEEME 1 558

IPR2025-00447 Page 00289



10

15

20

25

WO 2004/057903 PCT/JP2002/013331

29

BHOENTII /I —TF,

6. BifdRw hU—2 SEEHEZ. 2ETLIBEOSENETHEEZ —ER
MIZEL T FES ZHEIE. Ry N2 REOETERBL TN R —NHE
REHAL., SETIBRORBENERBEZ - ERMLEL TLES 2RI,
Fw hT—ZERERBLUTNS R NEREHITE &2 ET 2R
DEFALSE 5 HE#HOENTI ./ — K,

7.  BiEEERv bU—s BREBERIE. RESEHEEE L. ZET B
FRESEMEE FE- ARSI, v N7 —2 BEOETF &2 L TR
N R —/NEREHF U, BN > R — NEIREEE. N> RF—NEFS =
BB ETHEROHAE 1 Hid#oE/NN1IV. — R,

8. Hiftkyw hU—r REEAIN. HEMA TR ERERORERRIT
B OREREE., EREFRAROEHERET 520 0EEMESEZE L,

BIRDAN > RA—/NEIEEEE. SRR T EMEE FES 28a1iE. Ry by
— 7 REETICESI N R —N2Fn, EHEI e EMEz L= 8e
i, R N7 —ZEBAICESINY RA—/NETS 2 &2 BME T3ROS
1IEEEHDOENTIN S, — K,

9. #ifERxy hU—r RBBEHIIE. BEERRAUScREIN B TOX
v P @EOBR, RNy MRERRIEBELEXY NPT - RBEDE
WO b—F2FD5 L2 T2FROHGESE 1 HEEHoENTIL
— R,

10. BimFy bU—ZHIEE. Bk y hU—2FNAT Z0EEERER
HUZBEE. #IEN > B —/NEEERE. Bty bU—2 FNA AAYEIET
BETCN S RAF—/N2FWN, B8Ry b7 — 2 #I8ER,. fiiky hU—2 5N
A ZADEBIEREHRH L AESIE. BN RF—/SEEEE. gtk y hy—
7 FNNA A DEBEHAESE TRICNS RE—N2IFD5 2B ET B ROEGH
EIEIHEOENTIL . — R, ,

11. BiEE%ky bU—2HBEEMS. Ry T —IFNA ZAPERT B2y
FT—Z EDU ST OUIEERERE LSS, BN RAe—NEIEERE. U

> REERT BENCN Y RA—NETV, Bk y N T— 2SS EE Ry b

IPR2025-00447 Page 00290



10

15

20

25

WO 2004/057903 PCT/JP2002/013331

30

T =2 FNNA ADERERERE LB, BIEE/\ > BA—/NHEERE. 8
2w b= FNA AOEGAESE THRICN D FA—NEfT5 L2l eEd5
R OHIPEE 1 HEEHOET/NTIL — R,

12, @iEERy hU—7 BEEEIE. Xy M- RELERELICESN
UTEHLERy FU— 7 BERERZEE L. /IR > B —/N\HI#EEEETR
Fw b= BBEEECOETE, NRF-NEBHEFDEERBETIEERD
S 1 HiEHOENTIV ) — K,

13. Xy bhNI—ZIBILOTIVEARA I NEE2OT7 I BARA > hBE
ET DT, piidry MU — 7 REERIEE. BEBEEFOE 1O I EARA
CEREDRY T~ HEOETEREL. DDOE2OT IV EART DR
w hNT—ORBENSE2 DT VAR > OB ERGESHE L 2B,

IR\ R —NHIEERIE. B1OT VAR EPNEE2DT IV EARL >
EADNY RA—NE2TFD L E2BHMETIEROHEHEE 1 HELHOE/NTIL S/
— K. ' :

14. ENANIPFRY hT—7 ETOBEBIIHKNLUTN RF—NEFTIN
R —INHEZBWT,

ENAIN ) —BEWNEEDA > T2 —ADFRy NT—TFNA A%EEL., £
INTN I —RBREEORy NT—JEZ2BEITSHEAETH > T,

HIFE R Y BT —20 FNA ANRETLHEHBEELITIERFHODZ ED—
HicbEDNWT, xy bV — I REZEHL.,

2y M7= RBEOREBITHTC T, BENUIBENDEC, K& FLAZEY
R L ZABGRENEE L.

BIfEM T RLANT RLUABRRETEHF IN L LE2RTINEERZZEL. &
ENRUIBFE NS XTI, UIBARIORYy N —20 EOZEHEBEHRF L.

RIS Y FLADEERIC, BEEROEREEZELEL, do5kaxy hU—
T ICEREEUBAD/ZODON RE—NETFSI ZE2REMETEN RN
T5ik.

15. BTEEELTVW Ry NT—JDXy NT—I RBOETZEETZ &,
BHERRY NT— I ~NEREZYBAD I E2RHMETIEROHFEE 1 418

IPR2025-00447 Page 00291



10

15

20

25

WO 2004/057903 PCT/JP2002/013331

31

FLEL DN B —NHiE.

16. HWEARORXY FUV—TDR%y b RENERLEZEZREHTS
&, TTOWEAROR Y NV ICEHRAZRT & 2/HHBE T EROFMHEE
1 4EEH DN REF—INFk.

17. ZvbMU—JEREOESEEMEREL. Xy b7 REOEITKRT
Ty BERIBEMAOEWRY b U—TANY RA—NEITDS ZEE2/FBETIHERD
HFHEE 1 4 HmE DN RF—/NFik.

18. BEOKEBRTZBREITSEHORKTHEESL. REEIEZKRET 2D
DEHREEZEL. 2ETH5BEROKENMETEEZ TE- ZBEIKE. v
M= FEETIZESN RF—NZ2T0n, Z2ET5BRORENEIHEEZ
EESZBEITE. Xy FT—ZEIRICEINS R —NZTD T EZRFRET
SEEROHFE 1 AHREHDON > FA—INFik,

19. ZEITI>EHOREAMNMETHEZ —ERHEALEL TTFERSZBEIT. *
v N FEOETERBLU TN FEA—N2TWN, ZETHIEHORENE
[HEMEZ —ERRZEL TLEESZHEIZ. *y PV —J7R/IELEHR L TN R
F—NEFS L EEREBETHEROHEERSE 1 SHEEHDO/NY RE—/N\FHik.
20. ARELHLHEZEL. SETEEIHTAESLRERZ TEHS 2848
I, FYy b2 FBOETEFERLU T, BIRRCNS RA—N2ITD 2 &2
BEITBEROHRFE 1 4AETEHON D R —INFHik.

21. HREAHAJERERTHEORREZBRINTSLEOORNRMESL., EBiHE
FROEHZBRHITSDOEEMELZE L. ERFEATCEREZ TES 2
BETEK. Xy P BEETICESIND RE—NE2FN, ERFENMERR
Bz EES 7Z881Iid. Xy FPU—ZEHIREDINS RA—NEITD &2/
ETBHEROHFLSE 1 4HREBON Y FA—NFHiEk.

22. HEEERREZURIREINZEHTORY VU RBEOEH,. EiE
INTw NEREREBEELULAERY N REOERDODEIED—FEITDHZ
ZEBETHEROEES 1 4EERON Y FA—NFix.

2 3. RIRRY NIT—ITFTNARADEFELERZERELZEEE. #iitxy bY
— 7NN ADMEIET BENCN > R =12, BiIEgRYy hT—2F N1 2D

IPR2025-00447 Page 00292



10

15

20

25

WO 2004/057903 PCT/IP2002/013331

32

EEERZBRE LZHAEIE BIERy N7 —27 TN XOBELESE TRICN
RF—N2TD T 2R ETIEROEME 1 4TEIEHON D R —INFik.
24. RFIERYNI—ITNAIANMERTDRY NT—7EDY 27 OUIEE
REMELUZBEEZ, U 7B 5812\ > R —/N2TW, gtk y MY
— I FNA XA DOEREREZRB LUEBEIE. BIEER Yy U — 7 FNA X ORI
HETRIENS RA—N2T5 Z L2458 E T2 ROEEHE 1 4 H/iEH DN >
R —NhHik.

25. ZwhU—2RBEEEBEEICEAMMTTUTENRLERY VT —2 RE
BECDEDE, N RA—NBITS EEHFRET 55 ROMMELE 1 4 HISHE
DN BFd—/NFik.

26. Xy hU—ZWTEI1OTIZEARANEEB2OT7 7 ZART > NRE
ETIEIC, BEEEEFOBIOTIEARA L MNEDOR Yy N7 FEDE
TEREEL. DOE2OTIVEARAI DRy T RENSE2D7 Iz
ARA N DEFERREHABULEZESE. F1OT 7 EARAT I INEE2
DY TERARA L FANDN RA—NEZTO I E2HEMETHIEROHAHE 1L 4
EREEON > RA—NFik.

27. ENXNAMNWIPHRY MNI—Z ETHEEZITIENAMNVIPIATALIZBN
T,

FY T BT A I T —AWEEEF T 5%y MU TN A &
IR R Y R — 2 TN AR ETHIEHREEZIIEBRFEROD 2 &H—F
THEDNWT, Xy MUY= REZERT SRy T —7 BBEEHREE. Xy b
U — 7 @EOREBIEC T, BESUMBEINDENC. KMAT7 RL X227 KL%
ERIENFEFEL T, BEFTHRORKEZEEL. S5EREBLORY MUY —JITER
FBMBEZBZDDNY RF—NBFTIN REF—NNEEEE. BREEAT B
AT R foy*ﬁf‘a'@ﬁ%ﬁé:}’w ZEERRITINEEZEL. BENUMINSE
Tl IBARIOE 2 DRy b7 —0 EDZE#HEEHE T Yy N —2IHlf@
&, DEBREINSBENTIV —RES '

RSN Y RLAZZEL, BIERENT I — REOFEROEFBRINLEZER
HI B —LT =Tk, |

IPR2025-00447 Page 00293



WO 2004/057903 PCT/JP2002/013331

33

IR RV A2ZEIT DT 74 ) M—F E#EREL. BEN s h D=
T B203y Y- ZALTEEBBREREBL. N> RF—N\0\E, 5
1Dy b= 24U THIRLENT I — REBEFBETIAVARFT b -
J— R &,
5 EHEITAHZELERBBETDIENAINI P AT A
28. ENTIIPRY MI—FT ETERFBEZTIENTIN/—FRTHBNT,
BEOERDENIINVI PRy NT—27 LBEWRERA > 7 n— AMEEE2H
FB53FY FPT—TF)NA A&,
. IR R Y R —ZFNA A2 LT, BEHOENTIVIPRY NT—7 DESR
10 BEREBIJSEC T, BEDBEBLTWBIENIIVI PRy NT—INSMEDEN
TII PRy bU—JIITUEBAEZTO /N BA—/NHEER .
EEITHLELERFRETIENCI—],

IPR2025-00447 Page 00294



WO 2004/057903 PCT/JP2002/013331

119

N
~10
t
AN
1
)
{
K

X 1

|
p—
FI=GFNRAR

FYRIT—=HFNRAR

Y
Xy

~

»

0
. e sl 13
= N RA—NHIEHER |~

1RER

RT—2

E

g

124
Ry
an

»

%y b~ REOET

IPR2025-00447 Page 00295



PCT/IP2002/013331

WO 2004/057903

2/19

¢ %

VH

B <Z 200K b D LRullE

NG -
MWmeU
# e
wwelE g/
va 9§’
=N —
na &§’ o N ﬁmﬂmﬁ
| VY ¥
sy s’
; ¥ AV )
A
FINW
L
G0 ok
S _ i
G—0 .
dv d aep Yl Olyd—7r
mma  NYOHE 0 laC

IPR2025-00447 Page 00296



¢

2dd yioojen|g | | VWO 4 NY TE%

p-11°  e-11” -11° 1-11’

PCT/JP2002/013331

B G — G _:;

3./19

LIAL GGy fk 1)) Fu

HLNYIN—L

o
—

NI XA
wimg s | | BEUL T | | EREAEX : wmr%ﬁﬁ
|- P TR,

4 # L2 2 + WY ESENE
dRLCH ey ezl
| f_ﬂ\...n\w,\ l_ﬁ\._ba/\
117 1 91
IRE S ¥
 bel’
sRLE RIS Y0 2 Ak
V= AV | =06 A | 6—adrY
28]~ ag|’ TR
(BB~ 2\) BHEd 1100\E EL + 1y

AEA—LNLL

WO 2004/057903

IPR2025-00447 Page 00297




WO 2004/057903 PCT/JP2002/013331

4,/19

(20

A1-1 11-2

NIC - NIC
IV%/M’)L/—— F—l

| 4

IPR2025-00447 Page 00298



WO 2004/057903

5719

104

lP%vbT—i///

o SW
/

~S526

NIC

NIC
I'{-/\“«f)b/ —F

i”-‘Z

Lo

PCT/JP2002/013331

-~

A S E:
75T EB

FvbhT—=2

42
N

s

7

IPR2025-00447 Page 00299



WO 2004/057903 PCT/IP2002/013331

%"ﬂ:éhf £TD nng:ﬁﬂi
HRT/NA RITDWTEE

BEfRS A <{EIC
E2E U7=BFRIR

5326
T R R AL )

L\\\ | //,4,332

IPR2025-00447 Page 00300



WO 2004/057903 PCT/IP2002/013331

719
g st
T o 2t mriee
o -z
£ ==(Ei| i
N _v E
- e
R

\

MALL A

v
X 7

L2~

<,

E
—

ex. 200ms

/\ f
| S T e OO O N T TN T T O (N N O N 2N N N T 0 I G O O T |

IPR2025-00447 Page 00301



WO 2004/057903

AFZ— bk
- S41
BRREERAHT

PCT/JP2002/013331

8/19

y 542
%ﬁés&aﬁ%xaa\ ET

S43 S46
NO NO
EEBE<{ETH{E EIREE >1E R E
;344 (347
BHEERTERY hD—2 S EEEEIRER Y FU—2
IREEEBERNBIMT S REEHERNEBMT S
) ¢ 545 \ ¢ S48
EiREEIKEEE {ETF. EiRMEREE EE]
CERET D _ CERET D
j
> K
2 8

IPR2025-00447 Page 00302



WO 2004/057903 PCT/JP2002/013331

9./19

15 T EME
(SR 1E)
SHELRE

]

29

R S i

IPR2025-00447 Page 00303



WO 2004/057903 PCT/JP2002/013331

1019

AR — b

{351

I I o] BE /R AR TRIE
e

ﬁ'_l'.

AR RS i
B

853
NO

i S A EFB{'E iR > [HEE
(354 857
EREEBTIEE R Y w—o mpEEEIRER Yy T —o

REEWENBITS KEEEHE~NBNTS
| ¢ S55 ) C S58

i s EE = FT y=H| miGgEiEIkAEE EE ]

('—nR luﬁlﬁ—g‘é
A 4
e iy
X1 0

IPR2025-00447 Page 00304



PCT/JP2002/013331

WO 2004/057903

1119

1 LB

HEEE -0 Y

M EEsE

B} I BV

BB R

BIEIHI B EE A

B B EERE

WYk G— 0 ok

YUY L\L

e

Y

B )\ L

»

WL—LESHEY |1

.
LA
-----
.
v
av®
.e*

yiooisnig

‘X9

NV T8 "X 9

RSy KifEEPh—h

IPR2025-00447 Page 00305



PCT/JP2002/013331

WO 2004/057903

1219

HYRE

|

¢ L ¥

G698~ “mimia vy BB 4— N 6%

hw;/

YA
EVEROY—TL
ERVEBRY v )

momJ

YRS B
FNEROY—T L
L7 LERY v b

L3S~

Y Pl
EYUEEOY—TL

B VEEA AV

“Hm e
B

Yk H B
BUEROOY—TC
5l VEMY v}

2 % 2 ALK GRHIZ6)

IPR2025-00447 Page 00306



WO 2004/057903 PCT/JP2002/013331

1319

N\ A R MERITHIE

ectnxx \ S82
b
[T2WhvT

@inﬁ{—f-mhl’\ |
IEICZ=Rd 5

RE: BA
ZEFS

Al Wb Y
?‘E&ﬂ.’!‘dﬁ%z ERES
EETD
|1583¢ «
71'—'1 > iy
rEERE I\.‘/):?_!"—-I\
SErE RATS
EET D %g%é?
S$82e
f\é?};;g!‘}:ﬁ {383d
R SEEFR KE—BA
EEETH ZEEFEL
WEE—-RA
Z2EHS
\
®
%13

= B 2 B & (HHi26)
IPR2025-00447 Page 00307



WO 2004/057903 PCT/IP2002/013331

1419

T—5 BEEED
ELIBCET 5

oA 25 NS
> x—RIREE
BEK R

NO ™
586
T—o8YEZ
' ZREFS
\ S88b
| Fw RI—4 -
FIEIER~ 58870 <
ig>4;9 \
£ - - >
zgg*;& l\./)‘j-—l\
= AR
EETD %%%%%
S86ey |
N Bd—1 5887d
HIEIERA~
R SEEZER REE—B A
FEETD ZEFS
KE—RA
R2IEF B
Y

21 4

=% 2 B K RI26)
IPR2025-00447 Page 00308



WO 2004/057903 PCT/JP2002/013331

1519
A
X
> i wl =
;'&-‘g ?Z § N i‘g 29 % X 'ﬁ%
R450 _L:LK“'EE‘@"FQ‘ )
s WRI]
K7 KiN|x I
e =< BIRISIZ] =
HKb SR ES E i L
Ng HEI RN L Eal el
Sk = R
AR
N oM
N3,
N 52D Lo
N
g
£t
eha
22 -
N'\D -
~ = o
=N < )
o | o
g ')
-2 s | T -
X m
b
X
5]
& =
HI s
PpiE i
i <

IPR2025-00447 Page 00309



WO 2004/057903 PCT/JP2002/013331

1619

AN MERITH IR

TUBAES AA A H | 20
592\ | BEBUUEBXERK | %%éf}; f
F7A4 I MIL— bk AA A >»%
EIREDA Y T —RERED
Zx—RAARET S Fy bO—2o

4/57755—3((; S94
393~ | MUgEAd |o
HEA YT T—R
LIS DixR(EEE &
|YICTD
X1 6

IPR2025-00447 Page 00310



WO 2004/057903 PCT/JP2002/013331

17719
A& —Fh
$101
A N MERITHIK
EEIESK fFIEER PUEZ

S102a S103a JETEM

- $104
NO T $102b -~
TINA R \
” Bl ks
l(s102¢ FLLICT D
FNRAADRAE v (S103¢c

HEIREEICT S
. S102d Ty hU—oHIUEZX

=1 7

IPR2025-00447 Page 00311



WO 2004/057903

PCT/IJP2002/013331

18,19
25—k
S111~ ¥
AN MERTHE
g8 U
UEER | $1132 2-am

YES

(S112b

U2 & Einang

v {S'l 12¢

I (st12d

Ry hD—sPUBR

BkERy hT—2
EHEEBEIT S

-

3

1

8

IPR2025-00447 Page 00312



WO 2004/057903

1919

HHELAN

S
AN

'
TN

R B\ 10

%19

PCT/JP2002/013331

52

IPR2025-00447 Page 00313



International application No.

PCT/JP02/13331

INTERNATIONAL SEARCH REPORT

A. CLASSIFICATION OF SUBJECT MATTER

Int.Cl” H04Q7/38, HO4L12/28, H04L12/56

HO41.12/46,

According to International Patent Classification (IPC) or te both national classification and JPC

B. FIELDS SEARCHED

Minimum documentiation searched (classification system followed by classification symbols)
Int.Ccl” HO04Q7/00-7/38, HO04L12/28, H04L1l2/46, HO04L12/56

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

1922-1996 Toroku Jitsuyo Shinan Koho
1971-2003 Jitsuyo Shinan Toroku Koho

Jitsuyo Shinan Koho
Kokai Jitsuyo Shinan Koho

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

1954-2003
1996-2003

Category™* Citation of documém, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 2000-115236 A (Oki Electric Industry Co., Ltd.), 1-28
21 April, 2000 (21.04.00;,
Abstract; Claims
(Family: none)
Y JP 2002-125254 A (Mitsubishi Electric Corp.)., 1-28
26 April, 2002 (26.04.02),
Par. No. [0008]
& EP 1198841 AZ2 & US 2002/0045450 A1l
Y JP 6-45%890 A (0Oki Electric Industry Co., Ltd.), 1-28

18 February, 1994 (18.02.94),
Abstract
({Family: none)

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents: “T"  later document published after the international filing date or

“A”  document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention

“E” earlier document but published on or after the international filing “X” document of particufar relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive

“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

“Q” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such
means combination being obvious fo a person skilled in the art

“P”  document published prior to the international filing date but later “&” document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search
01 April, 2003 (01.04.03)

Date of mailing of the international search report
22 April, 2003 (22.04.03)

Name and mailing address of the ISA/
Japanese Patent Office

Facsimile No.

Authorized officer

Telephone No.

Farm BOT/IRA 10 (eorand chead) (Tnle 100RY

IPR2025-00447 Page 00314




INTERNATIONAL SEARCH REPORT

International application No.

21 September, 2001 (21.08.01},
Par. Nos. [0052] to [0058]
(Family: none)

PCT/JP02/13331
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT B
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y JP 10-126830 A (Matsushita Electric Industrial Co., 1-28
Ltd.),
15 May, 1998 (15.05.98),
Abstract
& EP 837617 AZ & CN 1183014 A
& KR 2538907 A & US 6233454 Bl
A Jp 2001-258058 A (NTT Docomo Inc.), 1-28

Form PCT/ISA/210 (continuation of second sheet) (July 1998)

IPR2025-00447 Page 00315



EHEEEwE

EREHEES PCT,/JP02.13331

A. HHEOETAIHEOSE (EEESSE (IPC) )
Int. Cl7” H0O4Q7,/38
Int. C17 Ho4L12,-28,

‘'HO4L12/7468,

H041.12./58

FEET o E

- ﬁﬁ%ﬁofﬁd\mﬁﬂ EEEZAE (IPC))
- Int. Cl" HO4Q7,/00—7.38

Int. C17 Ho4L12,/28,

H04L12/46

HO4L 1256

B/NEER LS OFR TREZTT o ABFRERENDI HD

EENES e P T 1922—19964
BAREARERFIRAR 1971—2003%
B ARESMEERTEAH 1994—20034%
B AREZERFTERFAR 1996—20034

EEHE T L BT T — 4 Rz (F—F 2 2 OAT, FECER L AE)

C. MBESTHLBEHLNADIGH

B FSCERD ‘ BEs 5
FF TP —zk BlUESCE RU—HOEFRAEET B L &3, ToEET AEFHORSR FEROGEEOES
Y JP 2000—115236 A (JhEa5TELHESH 11-28
2000. 04. 21, ZEWN, FrekosHEH (Z>IV—721L)
Y JP 2002—125254 A(_E%%%ﬁA&)zoo 1-28
2. 04. 26, EIEE
& EP 1199841 A2
& US 20020045450 A1l
X] CofExicbIIRAFIEIATVS, [J 7 v o7 — 2l 2 3EL 208,

* BIEXRROITIY—

TA] $FICBED B AEL TR . —BRHEiTkELST
Ho

EEHEEoREE A RBT cH DA, EEHER
I AR SIhEL D

BESEME RN RS AR T B SO US  O SCBR D RAT
B3 UL i3thofER BB 2T 5 D3| BT 23
ek B a2

rEl &

L]

O HOBITATRE N

T EEHEI XREEEERICAFIREIRTH-S T
HELFETZHOTRREL.. RHOEEXIIE SR
OEEOT-DIZBIATILD

X)) BICEHEOH B X THo T, YWHILBRO A T
DOF R GIERER RN EZEZI BRI LD

[Y) BB EOH XM THo T, SFCH et 1 2L
toxEkE o, HEEITL-o-THHATHIHESEI

o) AFEIZXBHR, A, BRI sSkT 5300 Ko TESHERRNEEZLNE LD

[P)] EBEHERR T, D oEREOTECREMERAHE (&) A—3FY b7 73 U —30hk

ERssEEE5=T L= 8 01 04. 03 ERAE RS 0% R ZZJyk03

EETAEREOATRTSH T BHFEEET (EROHSHBE) 5] 9571
BAEHET (1ISA/JP) A & ;

HEEE100—8915
FEATREKESE=TH 4535

|®mE®S 03-3581—1101 W& 3534

BXPCT A/ ISAS 210 (B2—)

(199845E7H)

IPR2025-00447 Page 00316



EpEEEmE ERHEES PCT/JP02/13331

C (GEx) | EETA LD N5
31 A SCRRD EET 5
HF Y —% BlAYES RUO—MOBHFAEET D & X1, ToEET s iFoRs HROBHEOES
Y JP 6—45990 A (MEKIEHKSH) 1-28
1994. 02. 18, B (Z7xIV—7=xL)
Y JP 10—126830 A (MTES/EEEISH) 1-28
1998. 05. 15, B8
& EP 837617 A2 & CN 1183014 A
& KR 259907 A & US 6233454 Bi
A JP 2001—258058 A (BX&tt—=x .5 54 - |1-28
F==) 2001. 09. 21, EBE52—588% (F7IV—"
L)

BAPCT/ISA/210 (F2—VOHKE) (1998F78)

IPR2025-00447 Page 00317




Electronic Acknowledgement Receipt

EFS ID: 20607798
Application Number: 14510766
International Application Number:
Confirmation Number: 2888

Title of Invention:

CONTROLLER

MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS ROAMING SWITCHING

First Named Inventor/Applicant Name:

Vasudevan Ganesan

Customer Number:

28960

Filer:

Jonathan O Owens

Filer Authorized By:

Attorney Docket Number: HAVA-00402
Receipt Date: 04-NOV-2014
Filing Date: 09-OCT-2014

Time Stamp: 20:58:28

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document Document Description File Name File Slze(B)(tes)/ Multl. 'Pages
Number Message Digest | Part/.zip| (ifappl.)
. . 614865
Information Disclosure Statement (IDS) | US_Form_SB_08a_11_4_2014.
1 no 11
Form (SB08) pdf
8670455e63190e1b400fe115950907401a2|
03f6e
Warnings:

Information:

IPR2025-00447 Page 00318



Foreign Reference

DE20310113.pdf

948986

83850ce7dc4754b9e8f2b851a8151282570)

no

14

Warnings:

Information:

Foreign Reference

EP0936777.pdf

521487

bb52dc332678bf%acl c80efadad3191aela)
995¢

no

Warnings:

Information:

Foreign Reference

EP1471665.pdf

1403091

<5c47d1d30bc665f5bd8c9at0a3441e9314
b14cl

no

16

Warnings:

Information:

Foreign Reference

GB2287858.pdf

1291974

dd3d9cadb64570f5381c841aff66480233c(|

no

20

Warnings:

Information:

Foreign Reference

JP200226994.pdf

2923073

176fe27f91bb084fch6ee9c2a5eeel 059cc9|

2404

no

28

Warnings:

Information:

Foreign Reference

JP2004320473.pdf

1673925

3452bca343893d9a704470dcd4559d091d

3ee516

no

18

Warnings:

Information:

Foreign Reference

W003056719.pdf

1898433

9d23898d2618d3def423d7a9c66424cffa19]

no

26

Warnings:

Information:

Foreign Reference

W02004013998.pdf

2523267

495e77c232dfbb57f05aa51f8770575481¢|

no

48

Warnings:

Information:

10

Foreign Reference

W02004057903.pdf

3838484

b0db41c94afdd2f8eaaad769ac5965a0eafb|

no

58

Warnings:

Information:

IPR2025-00447 Page 00319




1785620
11 Non Patent Literature Other1.pdf no 20

1c96687¢c34687470986b95c48013b37e5d|
97ead

Warnings:

Information:

4350885
12 Non Patent Literature Other2.pdf no 45

e2f258bbff9bcd38c47c342ead86e5637df4

Warnings:

Information:

2341625
13 Non Patent Literature Other3.pdf no 24

770e4061a9c5decd 17e8c9021c24c302¢67|
33047

Warnings:

Information:

15860457
14 Non Patent Literature Other4.pdf no 162

404a58cf72b033329b9dcfffa34b6517f17f6|

Warnings:

Information:

Total Files Size (in bytes):{ 41976172

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.

IPR2025-00447 Page 00320



PATENT
Attorney Docket No.: HAVA-00402

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re Application of:

Vasudevan Ganesan

Application No.: 14/510,766

Filed: October 9, 2014

For: MOBILE TELEPHONE
VOIP/CELLULAR SEAMLESS

ROAMING SWITCHING
CONTROLLER

R i e i e .

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Madam:

Group Art Unit: 2414

Examiner:

RESPONSE TO NOTICE TO FILE
CORRECTED APPLICATION PAPERS

162 N. Wolfe Road
Sunnyvale, California 94086
(408) 530-9700

Customer No. 28960

Please find the REMARKS on page 2 of this paper.

IPR2025-00447 Page 00321



PATENT
Attorney Docket No.: HAVA-00402

REMARKS

In response to the Notice to File Corrected Application Papers, an accompanying
substitute specification is included. Both, a marked up and a clean version are included. The

substitute specification contains no new matter.

Respectfully submitted,
HAVERSTOCK & OWENS LLP

Dated:_December 11,2014 By:___/Jonathan O. Owens/
Jonathan O. Owens
Reg. No. 37,902
Attorneys for Applicant

IPR2025-00447 Page 00322



PATENT
Attorney Docket No. HAVA-00402

MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS
ROAMING SWITCHING CONTROLLER

Related Applications

This Patent Application is a continuation application of co-pending U.S. Patent

Application No. 13/240.776, filed on September 22, 2011, and entitled “MOBILE TELEPHONE
VOIP/CELLULAR SEAMLESS ROAMING SWITCHING CONTROLLER.” which is a

divisional application of co-pending U.S. Patent Application No. 11/330.675, filed on January
11, 2006, and entitled “MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS ROAMING

SWITCHING CONTROLLER,” which Fhtsapptteatton claims priority of U.S. provisional

application, serial number 60/643,829, filed January 14, 2005, and entitled “TELEPHONE
COMMUNICATIONS PROCESSING CONTROLLER,” by the same inventors—Fhts

itsentirety by reference—TFhisappleation and is alse a continuation-in-part of U.S. Patent
Application, serial number 11/031,498, filed January 6, 2005, and entitled “TELEPHONE WITH

AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS?”, all of which
are 1s hereby incorporated by reference. U.S. Patent Application, serial no. 11/031,498 claims
priority of U.S. provisional application, serial number 60/534,466, filed January 6, 2004, and
entitled “RADIOTELEPHONE WITH AUTOMATIC SWITCHING BETWEEN CELLULAR
AND WI-FINETWORKS USING WI-FI SIGNAL STRENGTH VALUES,” the content of

which is also incorporated herein by reference in its entirety.

Field of the Invention

The present invention relates to the field of network communication processing. In
particular, the present invention relates to seamlessly switching communications among Voice

over Internet (VOIP), public cellular, and public circuit switched networks.

Page 1 of 22
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Background of the Invention

Current telephone communications occur over wireless cellular networks, such as GSM,
CDMA, and CDMA2000, Voice Over Internet (VOIP), or circuit switched network, such as
PSTN. Current state of the art of most telephones used with such networks is that each
telephone is restricted for use with only one specific network. For example, a cellular phone
works in a cellular network; a VOIP phone works in VOIP network, and a landline phone works
in a circuit switched network. Such limitations imply that an in-progress telephone
communication cannot be seamlessly switched among cellular, VOIP, and circuit switched
networks without losing the connection.

Such wireless networks use regulated portions of the radio spectrum and are shared by
many users. The infrastructure costs of wireless networks are relatively high due to the size and
complexity of the network equipment. There is a wide variance in the performance of different
wireless networks. For example, a conventional wireless cellular network covers a relatively
large geographical area, but provides a relatively low bandwidth. Other wireless networks, such
as CDMA2000-EV-DO/DV networks, offer higher bandwidth and enhanced data services, such
as web browsing. However, these networks also pack many users into a relatively small portion
of the regulated spectrum. Other types of wireless networks are adapted to improve spectral
efficiency with increased speed and smaller coverage areas. For example, an IEEE 802.11x (or
WiF1i) network may transmit at speeds up to 11 Mbps using a Direct Sequence Spread Spectrum
(DSSS) mode or at speeds up to 54 Mbps using an Orthogonal Frequency Division Multiplexing
(OFDM) mode.

A network wireless access point conforming to a WiFi (e.g., IEEE 802.11b) network may
cover an area of a few hundred feet in diameter. Each such network access point is connected to
a larger network (e.g., Internet). One such example is WiFi VOIP (Wireless Fidelity Voice over
Internet Protocol), through which a communication device user can place a wireless telephone
call over the Internet, using the technology specified in IEEE 802.xx at the network access point.

VOIP is a method for taking analog audio signals and converting them into digital data that can

Page 2 of 22
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be transmitted over the Internet. Conventional VOIP telephone communications are enabled by
VOIP network carriers, which utilize VOIP networks (e.g. the Internet), to place VOIP based
telephone calls. VOIP enabled and compatible networks include VOIP switching for proper
routing and billing of VOIP based telephone calls.

In order to cover larger geographical areas, a relatively large number of IEEE 802.11x, for
example, network access points and relatively large wire-line back haul networks are required.
In part, due to the relatively small geographical coverage area of each network access point, the
resulting IEEE 802.11x based network may thus be prohibitively expensive to set up. Further,
the small coverage areas may lead to many “dead zones” in which mobile communication device
users are unable to place telephone calls using the VOIP network.

Conventional VOIP phones, which function in a WiFi coverage area (hotspot)
corresponding to a WiFi access point, offers relatively inexpensive telephone communications.
However, the WiFi availability is limited due to the small geographical area supported by each
WiFi access point.

Conventional cellular phones, which function in a cell coverage area within the cellular
network, are relatively expensive for telephone communications and have limited multimedia
capabilities. Cellular networks and availability to the network covers a much wider, extensive
geographical area.

Conventional landline phones, which function in a circuit switched network such as most
residences, do not offer extensive telephone communication features, for example video. Such
landline phones also do not offer the mobility provided by mobile communications devices such

as the VOIP phones or the cellular phones.

Summary of the Invention

The present invention is directed to an interface server, referred to as a nomadic server,
and a related system that provides seamless roaming of a mobile communication device between

different types of wireless networks, such as WiFi and cellular networks for voice, data and video

Page 3 of 22
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communication. Use of the nomadic server enables a combination of WiFi and cellular networks
for providing access to the mobile communication device and makes use of the VOIP networks
for switching the calls wherever possible.

The nomadic server is a telephone communication processing and switching server that
will “hold” the present, in-progress telephone communications without dropping, while roaming
between WiFi access points and cellular networks, without losing the present, in-progress
communication. For example, a telephone communication can be seamlessly switched between
VOIP and cellular telephone networks using the nomadic server. Nomadic server resources
interface with the VOIP and cellular network switches to provide the hand-off between networks.
This approach enables switching of telephone communications over a VOIP network wherever
possible either through WiFi or through cellular networks.

In one aspect of the present invention, a method provides communications for a mobile
communication device that roams between multiple different types of wireless networks. The
method comprises establishing a first communication link between the mobile communication
device and an end destination device, wherein the first communication link includes a first
wireless communication link between the mobile communication device and a first type of
wireless network, monitoring a signal strength of the first wireless communication link, when the
signal strength drops below a predetermined threshold, establishing a second communication link
between an interface server and the end destination device, notifying the mobile communication
device to terminate transmission over the first communication link, and re-directing the second
communication link from the interface server to the mobile communication device, thereby
establishing a second wireless communication link between the mobile communication device
and the second type of wireless network. The first type of wireless communication link can
comprise a WiFi communication link, and the first type of wireless network can include a WiFi
network access point. The second type of wireless network can include a wireless cellular
network. Establishing the first communication link can include routing through a VOIP network.

Establishing the first communication link can include routing through a cellular network.

Page 4 of 22
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Establishing the second communication link can include routing through a VOIP network.
Establishing the second communication link can include routing through a cellular network.

The method can also include providing a connectivity status by the mobile
communication device to the interface server while the mobile communication device is within a
first coverage area of the first type of wireless network. The method can also include providing a
routing association to a mobile switching center within the second type of wireless network,
wherein the routing association associates the mobile communication device to the interface
server. The method can also include routing a termination communication intended for the
mobile communication device from the mobile switching center to the interface server according
to the routing association when the connectivity status is active, and routing the termination
communication from the interface server to the mobile communication device over the first type
of wireless network. The method can also include when the connectivity status is not provided to
the interface server, the router association is removed from the mobile switching center. The
method can also include registering the mobile communication device with a mobile switching
center within the second type of wireless network when the signal strength drops below the
predetermined threshold. The method can also include setting up the second communication link
with the end destination device and forwarding the second communication link to the interface
server.

In another aspect of the present invention, a method provides communications for a
mobile communication device that roams between multiple WiFi coverage areas. The method
includes associating the mobile communication device with a nomadic server, wherein the
nomadic server is coupled to one or more WiFi access points, establishing a first WiFi
communication link between the mobile communication device and a first WiFi access point,
registering the mobile communication device with the nomadic server including providing an IP
address of the first WiFi access point to the nomadic server, configuring a communication path to
the mobile communication device via the nomadic server according to the IP address of the first

WiFi access point and the first WiFi communication link, detecting movement of the mobile
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communication device into a coverage area of a second WiFi access point, registering the mobile
communication device with the nomadic server including an IP address of the second WiFi
access point, establishing a second WiFi communication link between the mobile communication
device and the second WiFi access point, and re-configuring the communication path according
to the IP address of the second WiFi access point and the second WiFi communication link. The
method can also include associating the mobile communication device to the nomadic server at
the mobile switching center. The method can also include providing a routing association to a
mobile switching center within a cellular network, wherein the routing association associates the
mobile communication device to the interface server. The method can also include routing a
termination communication intended for the mobile communication device from the mobile
switching center to the interface server according to the routing association, and routing the
termination communication from the interface server to the mobile communication device over
the communication path. Registering the mobile communication device with the nomadic server
can provide a connectivity status of the mobile communication device while the mobile
communication device is within a specific coverage area of a specific WiFi access point.

In yet another aspect of the present invention, a system provides communications for a
mobile communication device that roams between multiple different types of wireless networks.
The system includes a plurality of different types of wireless networks, the mobile
communication device configured to access the plurality of wireless networks, and an interface
server coupled to the plurality of wireless networks, wherein the interface server maintains a
seamless communication link between the mobile communication device and an end destination
device as the mobile communication device roams from a first wireless coverage area associated
within a first type of wireless network to a second wireless coverage area associated with a
second type of wireless network, the interface server is configured to establish a second
communication link over the second type of wireless network while a first communication link
between the mobile communication device and the end destination device over the first type of

wireless network is active, wherein the second communication link is initially set up to be
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forwarded to the interface server and subsequently the second communication link is routed to
the mobile communication device as the first communication link is terminated. The first
communication link can include a first wireless communication link between the mobile
communication device and the first type of wireless network. The first wireless coverage area
can be a WiFi coverage area, and the first wireless communication link can be a WiFi
communication link between the mobile communication device and a WiFi access point. The
first communication link can include a routing path through a VOIP network. The first
communication link can include a routing path through a cellular network. The second
communication link can include a second wireless communication link between the mobile
communication device and the second type of wireless network. The second wireless coverage
area can be a cellular coverage area and the second wireless communication link can be a
wireless cellular communication link between the mobile communication device and a cellular
base station. The second communication link can include a routing path through a VOIP
network. The second communication link can include a routing path through a cellular network.
The second type of wireless network can include a wireless cellular network.

In still yet another aspect of the present invention, an interface server maintains a
seamless communication link between a mobile communication device and an end destination
device as the mobile communication device roams from a first wireless coverage area associated
within a first type of wireless network to a second wireless coverage area associated with a
second type of wireless network, the interface server is configured to establish a second
communication link over the second type of wireless network while a first communication link
between the mobile communication device and the end destination device over the first type of
wireless network is active, wherein the second communication link is initially set up to be
forwarded to the interface server and subsequently the second communication link is routed to
the mobile communication device as the first communication link is terminated. The interface
server can also include a first inter-network function block to maintain current configuration and

status information associated with the first communication link. The first wireless coverage area
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can be a WiFi coverage area, and the first communication link can be a WiFi communication link
between the mobile communication device and a WiFi access point. The interface server can
also include a second inter-network function block to maintain current configuration and status
information associated with the second communication link. The interface server can also
include a provisioning server to provide the mobile communication device with configuration

information.

Brief Description of the Several Views of the Drawings

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic
server is coupled to a cellular network, a wireless IP network, and a public switched telephone
network.

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the

mobile communication device.
The present invention is described relative to the several views of the drawings. Where
appropriate and only where identical elements are disclosed and shown in more than one

drawing, the same reference numeral will be used to represent such identical elements.

Detailed Description of the Invention

Embodiments of a nomadic server enable telephone communications that can be initiated
using VOIP while within a VOIP access point, such as a WiFi hotspot, and enable telephone
communications that can be initiated using a cellular network while within a cellular area and
outside of a VOIP access point. When a caller roams outside the range of a VOIP access point,
the nomadic server functions to “hold” the current telephone communication while switching
occurs from the VOIP access point to the cellular network. Similarly, when a caller roams into
the range of a VOIP access point while engaged in a telephone communication on the cellular

network, the nomadic server functions to “hold” the current telephone communication while
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switching occurs from the cellular network to the VOIP access point. The nomadic server
remains engaged, or active, in the telephone communication while switching from one network
to another. After switching is completed, the nomadic server disengages from the telephone
communication.

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic
server 80 is coupled to a cellular network, a wireless IP network, and a public switched telephone
network (PSTN) 60. The cellular network shown in Figure 1 includes a mobile switching center
20 coupled to a public land mobile network 30, and a plurality of base stations 10 coupled to the
mobile switching center 20. For clarity, the cellular network shown in Figure 1 is a simplified
cellular network architecture. For example, the cellular network in Figure 1 includes only a
single mobile switching center, however it is understood that the cellular network includes
multiple mobile switching centers. Further, it will be apparent to those skilled in the art, that the
functionality of the mobile switching center could alternatively be incorporated into either the
base station or any other cellular network infrastructure, or into the nomadic server.
Accordingly, as used herein, the term mobile switching center refers to the mobile switching
center or any appropriate device within the cellular network equipment infrastructure which
performs the functionality of a mobile switching center. Figure 1 shows four base stations 10
coupled to the mobile switching center 20. Alternatively, more or less than four base stations can
be coupled to each mobile switching center.

The wireless IP network shown in Figure 1 includes a plurality of wireless IP access
points 40 coupled to the Internet 50. Examples of a wireless IP access point include, but are not
limited to, a wireless or wired broadband termination element, a wireless or wired modem, a
wireless or wired router, and a WiFi access point.

In this example, the nomadic server 80 is coupled to the PSTN 60 through the softswitch
70. The softswitch 70 provides an interface for the nomadic server 80 to legacy networks, such

as the PSTN.
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A mobile communication device 90 is preferably a dual mode telephone that provides
VolIP client functionality over a WiFi network and GSM/CDMA mobile telephony functionality
over a cellular network. The mobile communication device 90 can also be configured to
automatically switch an existing communication from a cellular network to a wireless IP
network, or to switch an existing communication from an IP network to a cellular network. Such
a mobile communication device is described in co-pending and co-owned U.S. Patent
Application Serial No.11/031,498, filed January 6, 2005, and entitled “TELEPHONE WITH
AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS”, which is
hereby incorporated by reference. Alternative types of mobile communication devices include,
but are not limited to, laptop computers, music players/recorders, PDAs, telephones, or any
conventional mobile communication device capable of receiving broadband content over a
wireless connection.

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the
mobile communication device 90. The mobile communication device 90 includes a WiFi portion
and a cellular portion. The cellular part uses either GSM or CDMA, and access to a
communications network is provided through the nearest base station 10. The WiFi portion uses
the VOIP client to originate and terminate communications over the WiFi network. The mobile
communication device 90 is adapted to automatically switch communications between cellular
and VOIP networks. The mobile communication device 90 includes a cellular communication
module 93 coupled to a cellular antenna 91, a WiFi communication module 94 coupled to a WiFi
antenna 92, an audio/video amplifier 95, a network switch unit 96, a timer unit 97, a WiFi signal
level strength monitor 98, a microphone 100, a speaker 99, and a display monitor 101. The
mobile communication device 90 is adapted to establish and maintain communication via either
the cellular communication module 93 coupled to a cellular base station 10 (Figure 1), and/or via
the WiFi communication module 94 coupled to a WiFi access point 40 (Figure 1). The cellular
communication module 93 further includes a transceiver 102 adapted to transmit signals to and

receive signals from a cellular network. The WiFi communication module 94 further includes a
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transceiver 103 adapted to transmit signals to and receive signals from an IP network.
Depending on the level of the detected WiFi signal emitted from a WiFi access point, a call
initially established via cellular communication module 83-93 can be switched to be handled by
the WiFi communication module 94, or a call initially established via the WiFi communication
module 94 can be switched to be handled by the cellular communication module 93.

Referring back to Figure 1, the nomadic server 80 enables a seamless handoft from one
wireless access point to another as the mobile telephone device 90 roams from one WiFi
coverage area to another WiFi coverage area, or roams outside a WiFi coverage area but still
within a cellular network coverage area. The nomadic server 80 includes a cellular inter-working
function (CIWF) block 82, a WiFi inter-working function (WIWF) block 84, and a provisioning
server 86. The nomadic server 80 and the mobile switching center 20 are either “tightly” coupled
or “loosely” coupled. When tightly coupled, the nomadic server 80 and the mobile switching
center 20 are coupled together by a local area network (LAN), or a wide area network (WAN) or
any other appropriate interface, using either a proprietary or non-proprietary interface of the
mobile switching center 20. In this manner, the nomadic server 80 is able to communicate to the
mobile switching center 20 through this interface. When loosely coupled, the nomadic server 80
and the mobile switching center 20 are coupled using an Integrated Services Digital Network
(ISDNC) trunk, or by using a softswitch or any other appropriate interface. In this context, a
softswitch is defined variously as a media gateway controller, call agent or gate keeper, used to
control connections at the junction point between circuit and packet networks.

The nomadic server 80 is coupled to one or more mobile switching centers 20 for
communicating signaling and media traffic. A point of interconnection (Pol), is formed between
each mobile switching center 20 and the nomadic server 80. Within any given network, one or
more nomadic servers 80 can be implemented. Each mobile communication device 90 is
associated with a home nomadic server, in this case the nomadic server 80. Each nomadic server
can be the home nomadic server for one or more mobile communication devices. Preferably, a

mobile switching center is interfaced to only one nomadic server such that a home mobile
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switching center is interfaced to the home nomadic server. In this manner, the mobile
communication device is associated with a home mobile switching center. Alternatively,
multiple mobile switching centers are coupled to any given nomadic server.

When the mobile communication device 90 originates a call within a WiFi coverage area,
a WiFi communication link is established with the nomadic server 80. The call can be completed
by the nomadic server 80 over the cellular network or the VOIP network. If the call is completed
over the cellular network, then the call is routed through any mobile switching center coupled to
the nomadic server 80. If the call is completed over the VOIP network, then the call is routed
through a softswitch 70 of a service provider, using the Session Initiation Protocol (SIP) or any
other appropriate protocols, such as H323. In other words, if the mobile communication device
90 is located within a WiFi coverage area, then the first leg of the call is routed over a WiFi
communication link and the remaining portion of the call can be routed over either the cellular
network, the VOIP network, or the PSTN.

In operation, a first call is established by the mobile communication device 90 by first
determining if it is in a WiFi coverage area. Such a determination is preferably made by
measuring a signal strength or other criteria of the nearest WiF1 access point 40, and if the signal
strength or other criteria is above a predetermined threshold, then a WiFi communication link is
established. If WiFi access is not available, then the mobile communication device 90
establishes a cellular communication link with the nearest base station 10. When the mobile
communication device 90 first establishes a WiFi communication link, the mobile
communication device 90 establishes a communication link with the provisioning server 86 over
the WiFi communication link. The WiFi communication link includes the WiFi access point 40,
and the Internet 50. The provisioning server 86 provides the mobile communication device 90
with configuration information including an identification of its home nomadic server, which in
this case is the nomadic server 80. The mobile communication device 90 preferably uses XML

over SSL for communicating with the provisioning server 86 over the Internet 50.
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The mobile communication device 90 also registers with the nomadic server 80. In some
embodiments, a SIP REGISTER method or any other appropriate protocol, such as H323, with
authentication is used between the mobile communication device 90 and the nomadic server 80.
The nomadic server 80 also maintains configuration information of the mobile switching center
20. The nomadic server 80 updates the mobile switching center 20 with a current location of the
mobile communication device 90. The current location refers to the WiFi access point associated
with the WiFi coverage area in which the mobile communication device 90 is currently located.
The nomadic server 80 updates the mobile switching center 20 with the location of the mobile
communication device 90 at a specified periodicity. In this manner, the mobile switching center
20 maintains a current location of the mobile communication device 90. Using this location
information, calls received over the cellular network for the mobile communication device 90 are
directed from the mobile switching center 20 over the WiFi communication link via the nomadic
server 80.

As long as the mobile communication device 90 maintains a WiFi communication link
with the wireless access point 40, irrespective of the cellular network coverage, the mobile
communication device 90 registers with its home nomadic server, the nomadic server 80 in this
case. The nomadic server 80 in turn updates the current location of the mobile communication
device 90 in the mobile switching center 20. When a signal strength or other criteria of the WiFi
communication link weakens below a predetermined threshold, the mobile communication
device 90 notifies the nomadic server 80. In response, the nomadic server 80 stops sending
location updates to the mobile switching center 20. Additionally, the mobile communication
device 90 stops sending SIP registrations to the nomadic server 80, and the mobile
communication device 90 initiates registration with the nearest mobile switching center. In this
manner, subsequent calls originating from or terminating at the mobile communication device 90
are handled by the mobile switching center. The nearest mobile switching center can be the
home mobile switching center of the mobile communication device 90 or another mobile

switching center, referred to as a visitor mobile switching center, within the cellular network.
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While the first call is still established over the WiFi communication link, the mobile
communication device 90 sets up a second call to the same end destination as the first call
currently setup over the WiFi communication link, thereby establishing a cellular communication
link. If the cellular communication link is established via the home mobile switching center,
then the second call is routed to the nomadic server 80 via the Pol between the home mobile
switching center and the nomadic server 80. In response, the nomadic server 80 determines if the
first call over the WiFi communication link is still in progress. If so, access is switched from the
WiFi communication link to the cellular communication link.

If, however, the cellular communication link is established over a visitor mobile
switching center, then the visitor mobile switching center forwards the second call to a visitor
nomadic server coupled to the visitor mobile switching center. The visitor nomadic server can
not determine the status of the first call over the WiFi communication link, so the visitor
nomadic server switches the second call to the end destination. Concurrently, the home nomadic
server, which previously received the notification from the mobile communication device 90
about losing the WiFi communication link, waits for a connection request from the home mobile
switching center for the second call to be established. However, the home nomadic server will
not receive such a connection request since the second call is being processed by the visitor
nomadic server. As such, the home nomadic server drops the first call on the WiFi
communication link, and the second call is maintained by the mobile communication device 90
over the cellular communication link.

Once a cellular communication link is established between the mobile communication
device 90 and the nearest mobile switching center, the mobile communication device 90 does not
attempt to establish another WiFi communication link upon re-entering a WiFi coverage area.
The mobile communication device 90 attempts access to a WiFi communication link when the
mobile communication device 90 is back in an idle state.

As the mobile communication device roams from a first coverage area to a second

coverage area, the transition steps vary depending on the type of the second coverage area and on
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the original call setup configuration. Roaming from the first coverage area to the second
coverage area can generally be accomplished according to one of five different scenarios, each
scenario including associated transition steps.

A first scenario includes the mobile communication device roaming from a first WiFi
coverage area to a second WiFi coverage area. The first WiFi coverage area is associated with a
first WiFi access point, and the second WiFi coverage area is associated with a second WiFi
access point. Each WiFi access point includes an IP address. When the mobile communication
device is within the first WiFi coverage area, the mobile communication device registers with its
home nomadic server over the first WiFi access point. The home nomadic server updates the
location of the mobile communication device with the home mobile switching center of the
mobile communication device. For incoming calls directed to the mobile communication device,
the home mobile switching center routes the calls to the home nomadic server based on the most
recent location information.

When the mobile communication device roams into the second WiFi coverage area, the
mobile communication device detects the transition. The mobile communication device acquires
the IP address from the second WiFi access point and sends the IP address change to the
provisioning server of the home nomadic server. The mobile communication device also sends a
SIP register message with the new IP address to the home nomadic server. In response, the home
nomadic server redirects any incoming calls to the IP address of the second WiFi access point.
The location of the mobile communication device maintained by the home mobile switching
center is still valid.

A second scenario includes the mobile communication device 90 initiating a call within a
first WiFi coverage area, setting up the call over a VOIP network, and roaming from the first
WiFi coverage area to a cellular coverage area supported by the home mobile switching center of
the mobile communication device 90. In this scenario, the mobile communication device 90
roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is

initiated and setup, a WiFi communication link is established between the mobile
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communication device and a first wireless access point associated with the first WiFi coverage
area. When the mobile communication device is within the first WiFi coverage area, the mobile
communication device registers with its home nomadic server via the first WiFi access point.
The first call is routed from the first wireless access point through a VOIP network, such as the
Internet.

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this second scenario is the home mobile switching center of the mobile communication
device. The mobile communication device also sends a call setup request to the home mobile
switching center for a second call with the same end destination as the first call. The second call
is setup by the home mobile switching center, and the second call is routed to the CIWF block
within the home nomadic server. The CIWF block determines from the WIWF block if the first
call is in progress. Ifthe first call is in progress, then the CIWF block sends an affirmative
answer message to the home mobile switching center. The home mobile switching center in turn
sends the affirmative answer message to the mobile communication device.

In response to receiving the affirmative answer message, the mobile communication
device stops media streaming over the WiFi communication link and powers down the WiFi part.
The CIWF block then changes the registration of the mobile communication device in the WIWF
block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the
WIWF block signifying a media switchover to the IP address of the CIWF block from the IP
address of the first wireless access point. Media streaming associated with the first call is then
redirected to the CIWF block, where the media is then switched over to the home mobile
switching center. Media associated with the first call is now associated with the second call,
where the media is now streamed from the VOIP network to the WIWF block to the CIWF block
to the home mobile switching center to the mobile communication device. The transition

according to the second scenario is now complete. If the second call is subsequently
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disconnected by the mobile communication device, then the corresponding call breakdown
process is supervised by the CIWF block. If the second call is subsequently disconnected by the
end destination device, then the corresponding call breakdown process is supervised by both the
WIWF block and the CIWF block.

A third scenario includes the mobile communication device initiating a call within a first
WiFi coverage area, setting up a back end of the call over a cellular network, and roaming from
the first WiFi coverage area to a cellular coverage area supported by the home mobile switching
center of the mobile communication device. In this scenario, the mobile communication device
roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is
initiated and setup, a WiFi communication link is established between the mobile
communication device and a first wireless access point associated with the first WiFi coverage
area. When the mobile communication device is within the first WiFi coverage area, the mobile
communication device registers with its home nomadic server via the first WiFi access point.
The first call is routed from the wireless access point 40 through a cellular network, such as the
mobile switching center and either the PLMN or the PSTN.

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this third scenario is the home mobile switching center of the mobile communication
device. The mobile communication device also sends a call setup request to the home mobile
switching center for a second call with the same end destination as the first call. The second call
is setup by the home mobile switching center, and the second call is routed to the CIWF block
within the home nomadic server. The CIWF block determines from the WIWF block if the first
call is in progress. If the first call is in progress, then the CIWF block sends an affirmative
answer message to the home mobile switching center. The home mobile switching center in turn

sends the affirmative answer message to the mobile communication device.
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In response to receiving the affirmative answer message, the mobile communication
device stops media streaming over the WiFi communication link and powers down its WiFi part.
The CIWF block then changes the registration of the mobile communication device in the WIWF
block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the
WIWF block signifying a media switchover to the IP address of the CIWF block from the IP
address of the first wireless access point. Media streaming associated with the first call is then
redirected to the CIWF block, where the media is then switched over to the home mobile
switching center. The media stream associated with the first call is now associated with the
second call, where the media stream is now directed from the cellular network to the CIWF block
to the home mobile switching center to the mobile communication device. The transition
according to the third scenario is now complete. If the second call is subsequently disconnected
by the mobile communication device, then the corresponding call breakdown process is
supervised by the CIWF block and the home mobile switching center. If the second call is
subsequently disconnected by the end destination device, then the corresponding call breakdown
process is supervised by the CIWF block.

A fourth scenario includes the mobile communication device initiating a call within a first
WiFi coverage area that resides outside a cellular coverage area supported by the home mobile
switching center of the mobile communication device, setting up a back end of the call over a
VOIP network, and roaming from the first WiFi coverage area to a cellular coverage area
supported by a visitor mobile switching center. In this scenario, the mobile communication
device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is
initiated and setup, a WiFi communication link is established between the mobile
communication device and a first wireless access point associated with the first WiFi coverage
area. When the mobile communication device is within the first WiFi coverage area, the mobile
communication device registers with its home nomadic server via the first WiFi access point. In
this manner, the WIWF block in the home nomadic server monitors the location of the mobile

communication device . The first call is routed from the mobile communication device to the
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first wireless access point via the WiFi communication link to the WIWF block of the visitor
nomadic server associated with the visitor mobile switching center to the VOIP network

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this fourth scenario is the visitor mobile switching center. The mobile communication
device notifies the WIWF block in its home nomadic server that the signal strength or other
criteria is below the predetermined threshold. The mobile communication device also sends a
call setup request to the visitor mobile switching center for a second call with the same end
destination as the first call. The visitor mobile switching center forwards the call setup request to
the CIWF block within the visitor nomadic server. Within the visitor nomadic server, the CIWF
block determines from the WIWF block if the first call is in progress. Since the mobile
communication device has been registering itself with its home nomadic server, and not with the
visitor nomadic server, the WIWF block within the visitor nomadic server does not have a record
of the first call being in progress. In response, the visitor nomadic server sets up the second call
over the cellular network. Concurrently, the home nomadic server tears down the first call over
the VOIP network.

A fifth scenario includes the mobile communication device initiating a call within a first
WiFi coverage area that resides outside a cellular coverage area supported by the home mobile
switching center of the mobile communication device, setting up a back end of the call over a
cellular network, and roaming from the first WiFi coverage area to a cellular coverage area
supported by a visitor mobile switching center. In this scenario, the mobile communication
device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is
initiated and setup, a WiFi communication link is established between the mobile
communication device and a first wireless access point associated with the first WiFi access

point. The first call is routed from the mobile communication device to the first wireless access
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point via the WiFi communication link to the CIWF block of the visitor nomadic server to the
visitor mobile switching center to the cellular network.

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this fifth scenario is the visitor mobile switching center. When the mobile
communication device is within the first WiFi coverage area, the mobile communication device
registers with its home nomadic server via the first WiFi access point. In this manner, the WIWF
block in the home nomadic server monitors the location of the mobile communication device.
The mobile communication device notifies the WIWF block in its home nomadic server that the
signal strength or other criteria is below the predetermined threshold. The mobile
communication device also sends a call setup request to the visitor mobile switching center for a
second call with the same end destination as the first call. The visitor mobile switching center
forwards the call setup request to the CIWF block within the visitor nomadic server. Within the
visitor nomadic server, the CIWF block determines from the WIWF block if the first call is in
progress. Since the mobile communication device has been registering itself with its home
nomadic server, and not with the visitor nomadic server, the WIWF block within the visitor
nomadic server does not have a record of the first call being in progress. In response, the visitor
nomadic server sets up the second call over the cellular network. Concurrently, the home
nomadic server tears down the first call over the cellular network and the first WiFi
communication link.

It is understood that the five scenarios described above are not exhaustive or inclusive of
all scenarios in which the mobile communication device can roam from a first coverage area to a
second coverage area with the support of the nomadic server. It is understood that other
scenarios are also contemplated.

In some embodiments, the nomadic server 80 also communicates to other nomadic

services over the Internet to route and complete calls using VOIP. This server-to-server
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communication can be used for all calls, even for cellular to cellular calls. In such a situation, the
cellular telephone communication is transmitted from the initiating cellular telephone to the
appropriate base station. From this base station, the communication is routed to the appropriate
nomadic server 80, which in some embodiments is the nomadic server 80 that is the closest to the
receiving base station 10. This initiating nomadic server 80 then transmits the communication
over the Internet, to the nomadic server 80 that is closest to the appropriate base station 10
corresponding to the location of the receiver’s cellular telephone. This receiving nomadic server
80 then transmits the communication to this receiving base station 10, which transmits the
communication to the receiver’s cellular telephone. In this manner, the only portions of the
transmission that are communicated over the cellular telephone network, are the initial leg, from
the initiating cellular telephone to the appropriate base station, and the final leg, from the
appropriate base station to the receiver’s cellular telephone. The remaining, intermediate,
portions of the transmission are communicated between the appropriate nomadic servers over the
Internet, which allows the call to be completed more efficiently than if the call was transmitted
completely over the cellular network in the traditional manner. As will be apparent to those
skilled in the art, communications are directed in both directions in this manner in order to
complete the call between the initiator and the receiver, with the initial and final portions of the
transmission routed over the cellular network and the remaining intermediate portions of the
transmission routed between nomadic servers 80, over the Internet 50.

The present invention has been described in terms of specific embodiments incorporating
details to facilitate the understanding of the principles of construction and operation of the
invention. As such, references herein to specific embodiments and details thereof are not
intended to limit the scope of the claims appended hereto. It will be apparent to those skilled in
the art that modifications can be made to the embodiments chosen for illustration without

departing from the spirit and scope of the invention.
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Abstract of the Disclosure

A nomadic server and a related system provides seamless roaming for a mobile
communication device between different types of wireless networks, such as WiFi and cellular
networks for voice, data and video communication. Use of the nomadic server enables a
combination of WiFi and cellular networks for providing access to the cellular phones and make
use of the VOIP networks for switching the calls wherever possible. The nomadic server is a
telephone communication processing and switching server that will “hold” the present, in-
progress telephone communications without dropping, while roaming without losing the present,
in-progress communication. For example, a telephone communication can be seamlessly
switching between VOIP and cellular telephone networks using the nomadic server. Nomadic
server resources interface with the VOIP and cellular network switches to provide the hand-off
between networks. This approach enables switching of telephone communications over a VOIP

network wherever possible either through WiFi or through cellular networks.
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MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS
ROAMING SWITCHING CONTROLLER

Related Applications

This Patent Application is a continuation application of co-pending U.S. Patent
Application No. 13/240,776, filed on September 22, 2011, and entitled “MOBILE TELEPHONE
VOIP/CELLULAR SEAMLESS ROAMING SWITCHING CONTROLLER,” which is a
divisional application of co-pending U.S. Patent Application No. 11/330,675, filed on January
11, 2006, and entitled “MOBILE TELEPHONE VOIP/CELLULAR SEAMLESS ROAMING
SWITCHING CONTROLLER,” which claims priority of U.S. provisional application, serial
number 60/643,829, filed January 14, 2005, and entitled “TELEPHONE COMMUNICATIONS
PROCESSING CONTROLLER,” by the same inventors and is a continuation-in-part of U.S.
Patent Application, serial number 11/031,498, filed January 6, 2005, and entitled “TELEPHONE
WITH AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS?”, all of
which are hereby incorporated by reference. U.S. Patent Application, serial no. 11/031,498
claims priority of U.S. provisional application, serial number 60/534,466, filed January 6, 2004,
and entitled “RADIOTELEPHONE WITH AUTOMATIC SWITCHING BETWEEN
CELLULAR AND WI-FI NETWORKS USING WI-FI SIGNAL STRENGTH VALUES,” the

content of which is also incorporated herein by reference in its entirety.

Field of the Invention

The present invention relates to the field of network communication processing. In
particular, the present invention relates to seamlessly switching communications among Voice

over Internet (VOIP), public cellular, and public circuit switched networks.
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Background of the Invention

Current telephone communications occur over wireless cellular networks, such as GSM,
CDMA, and CDMA2000, Voice Over Internet (VOIP), or circuit switched network, such as
PSTN. Current state of the art of most telephones used with such networks is that each
telephone is restricted for use with only one specific network. For example, a cellular phone
works in a cellular network; a VOIP phone works in VOIP network, and a landline phone works
in a circuit switched network. Such limitations imply that an in-progress telephone
communication cannot be seamlessly switched among cellular, VOIP, and circuit switched
networks without losing the connection.

Such wireless networks use regulated portions of the radio spectrum and are shared by
many users. The infrastructure costs of wireless networks are relatively high due to the size and
complexity of the network equipment. There is a wide variance in the performance of different
wireless networks. For example, a conventional wireless cellular network covers a relatively
large geographical area, but provides a relatively low bandwidth. Other wireless networks, such
as CDMA2000-EV-DO/DV networks, offer higher bandwidth and enhanced data services, such
as web browsing. However, these networks also pack many users into a relatively small portion
of the regulated spectrum. Other types of wireless networks are adapted to improve spectral
efficiency with increased speed and smaller coverage areas. For example, an IEEE 802.11x (or
WiF1i) network may transmit at speeds up to 11 Mbps using a Direct Sequence Spread Spectrum
(DSSS) mode or at speeds up to 54 Mbps using an Orthogonal Frequency Division Multiplexing
(OFDM) mode.

A network wireless access point conforming to a WiFi (e.g., IEEE 802.11b) network may
cover an area of a few hundred feet in diameter. Each such network access point is connected to
a larger network (e.g., Internet). One such example is WiFi VOIP (Wireless Fidelity Voice over
Internet Protocol), through which a communication device user can place a wireless telephone
call over the Internet, using the technology specified in IEEE 802.xx at the network access point.

VOIP is a method for taking analog audio signals and converting them into digital data that can
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be transmitted over the Internet. Conventional VOIP telephone communications are enabled by
VOIP network carriers, which utilize VOIP networks (e.g. the Internet), to place VOIP based
telephone calls. VOIP enabled and compatible networks include VOIP switching for proper
routing and billing of VOIP based telephone calls.

In order to cover larger geographical areas, a relatively large number of IEEE 802.11x, for
example, network access points and relatively large wire-line back haul networks are required.
In part, due to the relatively small geographical coverage area of each network access point, the
resulting IEEE 802.11x based network may thus be prohibitively expensive to set up. Further,
the small coverage areas may lead to many “dead zones” in which mobile communication device
users are unable to place telephone calls using the VOIP network.

Conventional VOIP phones, which function in a WiFi coverage area (hotspot)
corresponding to a WiFi access point, offers relatively inexpensive telephone communications.
However, the WiFi availability is limited due to the small geographical area supported by each
WiFi access point.

Conventional cellular phones, which function in a cell coverage area within the cellular
network, are relatively expensive for telephone communications and have limited multimedia
capabilities. Cellular networks and availability to the network covers a much wider, extensive
geographical area.

Conventional landline phones, which function in a circuit switched network such as most
residences, do not offer extensive telephone communication features, for example video. Such
landline phones also do not offer the mobility provided by mobile communications devices such

as the VOIP phones or the cellular phones.

Summary of the Invention

The present invention is directed to an interface server, referred to as a nomadic server,
and a related system that provides seamless roaming of a mobile communication device between

different types of wireless networks, such as WiFi and cellular networks for voice, data and video
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communication. Use of the nomadic server enables a combination of WiFi and cellular networks
for providing access to the mobile communication device and makes use of the VOIP networks
for switching the calls wherever possible.

The nomadic server is a telephone communication processing and switching server that
will “hold” the present, in-progress telephone communications without dropping, while roaming
between WiFi access points and cellular networks, without losing the present, in-progress
communication. For example, a telephone communication can be seamlessly switched between
VOIP and cellular telephone networks using the nomadic server. Nomadic server resources
interface with the VOIP and cellular network switches to provide the hand-off between networks.
This approach enables switching of telephone communications over a VOIP network wherever
possible either through WiFi or through cellular networks.

In one aspect of the present invention, a method provides communications for a mobile
communication device that roams between multiple different types of wireless networks. The
method comprises establishing a first communication link between the mobile communication
device and an end destination device, wherein the first communication link includes a first
wireless communication link between the mobile communication device and a first type of
wireless network, monitoring a signal strength of the first wireless communication link, when the
signal strength drops below a predetermined threshold, establishing a second communication link
between an interface server and the end destination device, notifying the mobile communication
device to terminate transmission over the first communication link, and re-directing the second
communication link from the interface server to the mobile communication device, thereby
establishing a second wireless communication link between the mobile communication device
and the second type of wireless network. The first type of wireless communication link can
comprise a WiFi communication link, and the first type of wireless network can include a WiFi
network access point. The second type of wireless network can include a wireless cellular
network. Establishing the first communication link can include routing through a VOIP network.

Establishing the first communication link can include routing through a cellular network.
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Establishing the second communication link can include routing through a VOIP network.
Establishing the second communication link can include routing through a cellular network.

The method can also include providing a connectivity status by the mobile
communication device to the interface server while the mobile communication device is within a
first coverage area of the first type of wireless network. The method can also include providing a
routing association to a mobile switching center within the second type of wireless network,
wherein the routing association associates the mobile communication device to the interface
server. The method can also include routing a termination communication intended for the
mobile communication device from the mobile switching center to the interface server according
to the routing association when the connectivity status is active, and routing the termination
communication from the interface server to the mobile communication device over the first type
of wireless network. The method can also include when the connectivity status is not provided to
the interface server, the router association is removed from the mobile switching center. The
method can also include registering the mobile communication device with a mobile switching
center within the second type of wireless network when the signal strength drops below the
predetermined threshold. The method can also include setting up the second communication link
with the end destination device and forwarding the second communication link to the interface
server.

In another aspect of the present invention, a method provides communications for a
mobile communication device that roams between multiple WiFi coverage areas. The method
includes associating the mobile communication device with a nomadic server, wherein the
nomadic server is coupled to one or more WiFi access points, establishing a first WiFi
communication link between the mobile communication device and a first WiFi access point,
registering the mobile communication device with the nomadic server including providing an IP
address of the first WiFi access point to the nomadic server, configuring a communication path to
the mobile communication device via the nomadic server according to the IP address of the first

WiFi access point and the first WiFi communication link, detecting movement of the mobile
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communication device into a coverage area of a second WiFi access point, registering the mobile
communication device with the nomadic server including an IP address of the second WiFi
access point, establishing a second WiFi communication link between the mobile communication
device and the second WiFi access point, and re-configuring the communication path according
to the IP address of the second WiFi access point and the second WiFi communication link. The
method can also include associating the mobile communication device to the nomadic server at
the mobile switching center. The method can also include providing a routing association to a
mobile switching center within a cellular network, wherein the routing association associates the
mobile communication device to the interface server. The method can also include routing a
termination communication intended for the mobile communication device from the mobile
switching center to the interface server according to the routing association, and routing the
termination communication from the interface server to the mobile communication device over
the communication path. Registering the mobile communication device with the nomadic server
can provide a connectivity status of the mobile communication device while the mobile
communication device is within a specific coverage area of a specific WiFi access point.

In yet another aspect of the present invention, a system provides communications for a
mobile communication device that roams between multiple different types of wireless networks.
The system includes a plurality of different types of wireless networks, the mobile
communication device configured to access the plurality of wireless networks, and an interface
server coupled to the plurality of wireless networks, wherein the interface server maintains a
seamless communication link between the mobile communication device and an end destination
device as the mobile communication device roams from a first wireless coverage area associated
within a first type of wireless network to a second wireless coverage area associated with a
second type of wireless network, the interface server is configured to establish a second
communication link over the second type of wireless network while a first communication link
between the mobile communication device and the end destination device over the first type of

wireless network is active, wherein the second communication link is initially set up to be
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forwarded to the interface server and subsequently the second communication link is routed to
the mobile communication device as the first communication link is terminated. The first
communication link can include a first wireless communication link between the mobile
communication device and the first type of wireless network. The first wireless coverage area
can be a WiFi coverage area, and the first wireless communication link can be a WiFi
communication link between the mobile communication device and a WiFi access point. The
first communication link can include a routing path through a VOIP network. The first
communication link can include a routing path through a cellular network. The second
communication link can include a second wireless communication link between the mobile
communication device and the second type of wireless network. The second wireless coverage
area can be a cellular coverage area and the second wireless communication link can be a
wireless cellular communication link between the mobile communication device and a cellular
base station. The second communication link can include a routing path through a VOIP
network. The second communication link can include a routing path through a cellular network.
The second type of wireless network can include a wireless cellular network.

In still yet another aspect of the present invention, an interface server maintains a
seamless communication link between a mobile communication device and an end destination
device as the mobile communication device roams from a first wireless coverage area associated
within a first type of wireless network to a second wireless coverage area associated with a
second type of wireless network, the interface server is configured to establish a second
communication link over the second type of wireless network while a first communication link
between the mobile communication device and the end destination device over the first type of
wireless network is active, wherein the second communication link is initially set up to be
forwarded to the interface server and subsequently the second communication link is routed to
the mobile communication device as the first communication link is terminated. The interface
server can also include a first inter-network function block to maintain current configuration and

status information associated with the first communication link. The first wireless coverage area
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can be a WiFi coverage area, and the first communication link can be a WiFi communication link
between the mobile communication device and a WiFi access point. The interface server can
also include a second inter-network function block to maintain current configuration and status
information associated with the second communication link. The interface server can also
include a provisioning server to provide the mobile communication device with configuration

information.

Brief Description of the Several Views of the Drawings

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic
server is coupled to a cellular network, a wireless IP network, and a public switched telephone
network.

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the

mobile communication device.
The present invention is described relative to the several views of the drawings. Where
appropriate and only where identical elements are disclosed and shown in more than one

drawing, the same reference numeral will be used to represent such identical elements.

Detailed Description of the Invention

Embodiments of a nomadic server enable telephone communications that can be initiated
using VOIP while within a VOIP access point, such as a WiFi hotspot, and enable telephone
communications that can be initiated using a cellular network while within a cellular area and
outside of a VOIP access point. When a caller roams outside the range of a VOIP access point,
the nomadic server functions to “hold” the current telephone communication while switching
occurs from the VOIP access point to the cellular network. Similarly, when a caller roams into
the range of a VOIP access point while engaged in a telephone communication on the cellular

network, the nomadic server functions to “hold” the current telephone communication while
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switching occurs from the cellular network to the VOIP access point. The nomadic server
remains engaged, or active, in the telephone communication while switching from one network
to another. After switching is completed, the nomadic server disengages from the telephone
communication.

Figure 1 illustrates an exemplary system of interconnected networks in which a nomadic
server 80 is coupled to a cellular network, a wireless IP network, and a public switched telephone
network (PSTN) 60. The cellular network shown in Figure 1 includes a mobile switching center
20 coupled to a public land mobile network 30, and a plurality of base stations 10 coupled to the
mobile switching center 20. For clarity, the cellular network shown in Figure 1 is a simplified
cellular network architecture. For example, the cellular network in Figure 1 includes only a
single mobile switching center, however it is understood that the cellular network includes
multiple mobile switching centers. Further, it will be apparent to those skilled in the art, that the
functionality of the mobile switching center could alternatively be incorporated into either the
base station or any other cellular network infrastructure, or into the nomadic server.
Accordingly, as used herein, the term mobile switching center refers to the mobile switching
center or any appropriate device within the cellular network equipment infrastructure which
performs the functionality of a mobile switching center. Figure 1 shows four base stations 10
coupled to the mobile switching center 20. Alternatively, more or less than four base stations can
be coupled to each mobile switching center.

The wireless IP network shown in Figure 1 includes a plurality of wireless IP access
points 40 coupled to the Internet 50. Examples of a wireless IP access point include, but are not
limited to, a wireless or wired broadband termination element, a wireless or wired modem, a
wireless or wired router, and a WiFi access point.

In this example, the nomadic server 80 is coupled to the PSTN 60 through the softswitch
70. The softswitch 70 provides an interface for the nomadic server 80 to legacy networks, such

as the PSTN.
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A mobile communication device 90 is preferably a dual mode telephone that provides
VolIP client functionality over a WiFi network and GSM/CDMA mobile telephony functionality
over a cellular network. The mobile communication device 90 can also be configured to
automatically switch an existing communication from a cellular network to a wireless IP
network, or to switch an existing communication from an IP network to a cellular network. Such
a mobile communication device is described in co-pending and co-owned U.S. Patent
Application Serial No.11/031,498, filed January 6, 2005, and entitled “TELEPHONE WITH
AUTOMATIC SWITCHING BETWEEN CELLULAR AND VOIP NETWORKS”, which is
hereby incorporated by reference. Alternative types of mobile communication devices include,
but are not limited to, laptop computers, music players/recorders, PDAs, telephones, or any
conventional mobile communication device capable of receiving broadband content over a
wireless connection.

Figure 2 illustrates a simplified high-level block diagram of one embodiment of the
mobile communication device 90. The mobile communication device 90 includes a WiFi portion
and a cellular portion. The cellular part uses either GSM or CDMA, and access to a
communications network is provided through the nearest base station 10. The WiFi portion uses
the VOIP client to originate and terminate communications over the WiFi network. The mobile
communication device 90 is adapted to automatically switch communications between cellular
and VOIP networks. The mobile communication device 90 includes a cellular communication
module 93 coupled to a cellular antenna 91, a WiFi communication module 94 coupled to a WiFi
antenna 92, an audio/video amplifier 95, a network switch unit 96, a timer unit 97, a WiFi signal
level strength monitor 98, a microphone 100, a speaker 99, and a display monitor 101. The
mobile communication device 90 is adapted to establish and maintain communication via either
the cellular communication module 93 coupled to a cellular base station 10 (Figure 1), and/or via
the WiFi communication module 94 coupled to a WiFi access point 40 (Figure 1). The cellular
communication module 93 further includes a transceiver 102 adapted to transmit signals to and

receive signals from a cellular network. The WiFi communication module 94 further includes a
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transceiver 103 adapted to transmit signals to and receive signals from an IP network.
Depending on the level of the detected WiFi signal emitted from a WiFi access point, a call
initially established via cellular communication module 93 can be switched to be handled by the
WiFi communication module 94, or a call initially established via the WiFi communication
module 94 can be switched to be handled by the cellular communication module 93.

Referring back to Figure 1, the nomadic server 80 enables a seamless handoff from one
wireless access point to another as the mobile telephone device 90 roams from one WiFi
coverage area to another WiFi coverage area, or roams outside a WiFi coverage area but still
within a cellular network coverage area. The nomadic server 80 includes a cellular inter-working
function (CIWF) block 82, a WiFi inter-working function (WIWF) block 84, and a provisioning
server 86. The nomadic server 80 and the mobile switching center 20 are either “tightly” coupled
or “loosely” coupled. When tightly coupled, the nomadic server 80 and the mobile switching
center 20 are coupled together by a local area network (LAN), or a wide area network (WAN) or
any other appropriate interface, using either a proprietary or non-proprietary interface of the
mobile switching center 20. In this manner, the nomadic server 80 is able to communicate to the
mobile switching center 20 through this interface. When loosely coupled, the nomadic server 80
and the mobile switching center 20 are coupled using an Integrated Services Digital Network
(ISDNC) trunk, or by using a softswitch or any other appropriate interface. In this context, a
softswitch is defined variously as a media gateway controller, call agent or gate keeper, used to
control connections at the junction point between circuit and packet networks.

The nomadic server 80 is coupled to one or more mobile switching centers 20 for
communicating signaling and media traffic. A point of interconnection (Pol), is formed between
each mobile switching center 20 and the nomadic server 80. Within any given network, one or
more nomadic servers 80 can be implemented. Each mobile communication device 90 is
associated with a home nomadic server, in this case the nomadic server 80. Each nomadic server
can be the home nomadic server for one or more mobile communication devices. Preferably, a

mobile switching center is interfaced to only one nomadic server such that a home mobile
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switching center is interfaced to the home nomadic server. In this manner, the mobile
communication device is associated with a home mobile switching center. Alternatively,
multiple mobile switching centers are coupled to any given nomadic server.

When the mobile communication device 90 originates a call within a WiFi coverage area,
a WiFi communication link is established with the nomadic server 80. The call can be completed
by the nomadic server 80 over the cellular network or the VOIP network. If the call is completed
over the cellular network, then the call is routed through any mobile switching center coupled to
the nomadic server 80. If the call is completed over the VOIP network, then the call is routed
through a softswitch 70 of a service provider, using the Session Initiation Protocol (SIP) or any
other appropriate protocols, such as H323. In other words, if the mobile communication device
90 is located within a WiFi coverage area, then the first leg of the call is routed over a WiFi
communication link and the remaining portion of the call can be routed over either the cellular
network, the VOIP network, or the PSTN.

In operation, a first call is established by the mobile communication device 90 by first
determining if it is in a WiFi coverage area. Such a determination is preferably made by
measuring a signal strength or other criteria of the nearest WiF1 access point 40, and if the signal
strength or other criteria is above a predetermined threshold, then a WiFi communication link is
established. If WiFi access is not available, then the mobile communication device 90
establishes a cellular communication link with the nearest base station 10. When the mobile
communication device 90 first establishes a WiFi communication link, the mobile
communication device 90 establishes a communication link with the provisioning server 86 over
the WiFi communication link. The WiFi communication link includes the WiFi access point 40,
and the Internet 50. The provisioning server 86 provides the mobile communication device 90
with configuration information including an identification of its home nomadic server, which in
this case is the nomadic server 80. The mobile communication device 90 preferably uses XML

over SSL for communicating with the provisioning server 86 over the Internet 50.
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The mobile communication device 90 also registers with the nomadic server 80. In some
embodiments, a SIP REGISTER method or any other appropriate protocol, such as H323, with
authentication is used between the mobile communication device 90 and the nomadic server 80.
The nomadic server 80 also maintains configuration information of the mobile switching center
20. The nomadic server 80 updates the mobile switching center 20 with a current location of the
mobile communication device 90. The current location refers to the WiFi access point associated
with the WiFi coverage area in which the mobile communication device 90 is currently located.
The nomadic server 80 updates the mobile switching center 20 with the location of the mobile
communication device 90 at a specified periodicity. In this manner, the mobile switching center
20 maintains a current location of the mobile communication device 90. Using this location
information, calls received over the cellular network for the mobile communication device 90 are
directed from the mobile switching center 20 over the WiFi communication link via the nomadic
server 80.

As long as the mobile communication device 90 maintains a WiFi communication link
with the wireless access point 40, irrespective of the cellular network coverage, the mobile
communication device 90 registers with its home nomadic server, the nomadic server 80 in this
case. The nomadic server 80 in turn updates the current location of the mobile communication
device 90 in the mobile switching center 20. When a signal strength or other criteria of the WiFi
communication link weakens below a predetermined threshold, the mobile communication
device 90 notifies the nomadic server 80. In response, the nomadic server 80 stops sending
location updates to the mobile switching center 20. Additionally, the mobile communication
device 90 stops sending SIP registrations to the nomadic server 80, and the mobile
communication device 90 initiates registration with the nearest mobile switching center. In this
manner, subsequent calls originating from or terminating at the mobile communication device 90
are handled by the mobile switching center. The nearest mobile switching center can be the
home mobile switching center of the mobile communication device 90 or another mobile

switching center, referred to as a visitor mobile switching center, within the cellular network.
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While the first call is still established over the WiFi communication link, the mobile
communication device 90 sets up a second call to the same end destination as the first call
currently setup over the WiFi communication link, thereby establishing a cellular communication
link. If the cellular communication link is established via the home mobile switching center,
then the second call is routed to the nomadic server 80 via the Pol between the home mobile
switching center and the nomadic server 80. In response, the nomadic server 80 determines if the
first call over the WiFi communication link is still in progress. If so, access is switched from the
WiFi communication link to the cellular communication link.

If, however, the cellular communication link is established over a visitor mobile
switching center, then the visitor mobile switching center forwards the second call to a visitor
nomadic server coupled to the visitor mobile switching center. The visitor nomadic server can
not determine the status of the first call over the WiFi communication link, so the visitor
nomadic server switches the second call to the end destination. Concurrently, the home nomadic
server, which previously received the notification from the mobile communication device 90
about losing the WiFi communication link, waits for a connection request from the home mobile
switching center for the second call to be established. However, the home nomadic server will
not receive such a connection request since the second call is being processed by the visitor
nomadic server. As such, the home nomadic server drops the first call on the WiFi
communication link, and the second call is maintained by the mobile communication device 90
over the cellular communication link.

Once a cellular communication link is established between the mobile communication
device 90 and the nearest mobile switching center, the mobile communication device 90 does not
attempt to establish another WiFi communication link upon re-entering a WiFi coverage area.
The mobile communication device 90 attempts access to a WiFi communication link when the
mobile communication device 90 is back in an idle state.

As the mobile communication device roams from a first coverage area to a second

coverage area, the transition steps vary depending on the type of the second coverage area and on
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the original call setup configuration. Roaming from the first coverage area to the second
coverage area can generally be accomplished according to one of five different scenarios, each
scenario including associated transition steps.

A first scenario includes the mobile communication device roaming from a first WiFi
coverage area to a second WiFi coverage area. The first WiFi coverage area is associated with a
first WiFi access point, and the second WiFi coverage area is associated with a second WiFi
access point. Each WiFi access point includes an IP address. When the mobile communication
device is within the first WiFi coverage area, the mobile communication device registers with its
home nomadic server over the first WiFi access point. The home nomadic server updates the
location of the mobile communication device with the home mobile switching center of the
mobile communication device. For incoming calls directed to the mobile communication device,
the home mobile switching center routes the calls to the home nomadic server based on the most
recent location information.

When the mobile communication device roams into the second WiFi coverage area, the
mobile communication device detects the transition. The mobile communication device acquires
the IP address from the second WiFi access point and sends the IP address change to the
provisioning server of the home nomadic server. The mobile communication device also sends a
SIP register message with the new IP address to the home nomadic server. In response, the home
nomadic server redirects any incoming calls to the IP address of the second WiFi access point.
The location of the mobile communication device maintained by the home mobile switching
center is still valid.

A second scenario includes the mobile communication device 90 initiating a call within a
first WiFi coverage area, setting up the call over a VOIP network, and roaming from the first
WiFi coverage area to a cellular coverage area supported by the home mobile switching center of
the mobile communication device 90. In this scenario, the mobile communication device 90
roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is

initiated and setup, a WiFi communication link is established between the mobile
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communication device and a first wireless access point associated with the first WiFi coverage
area. When the mobile communication device is within the first WiFi coverage area, the mobile
communication device registers with its home nomadic server via the first WiFi access point.
The first call is routed from the first wireless access point through a VOIP network, such as the
Internet.

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this second scenario is the home mobile switching center of the mobile communication
device. The mobile communication device also sends a call setup request to the home mobile
switching center for a second call with the same end destination as the first call. The second call
is setup by the home mobile switching center, and the second call is routed to the CIWF block
within the home nomadic server. The CIWF block determines from the WIWF block if the first
call is in progress. Ifthe first call is in progress, then the CIWF block sends an affirmative
answer message to the home mobile switching center. The home mobile switching center in turn
sends the affirmative answer message to the mobile communication device.

In response to receiving the affirmative answer message, the mobile communication
device stops media streaming over the WiFi communication link and powers down the WiFi part.
The CIWF block then changes the registration of the mobile communication device in the WIWF
block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the
WIWF block signifying a media switchover to the IP address of the CIWF block from the IP
address of the first wireless access point. Media streaming associated with the first call is then
redirected to the CIWF block, where the media is then switched over to the home mobile
switching center. Media associated with the first call is now associated with the second call,
where the media is now streamed from the VOIP network to the WIWF block to the CIWF block
to the home mobile switching center to the mobile communication device. The transition

according to the second scenario is now complete. If the second call is subsequently
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disconnected by the mobile communication device, then the corresponding call breakdown
process is supervised by the CIWF block. If the second call is subsequently disconnected by the
end destination device, then the corresponding call breakdown process is supervised by both the
WIWF block and the CIWF block.

A third scenario includes the mobile communication device initiating a call within a first
WiFi coverage area, setting up a back end of the call over a cellular network, and roaming from
the first WiFi coverage area to a cellular coverage area supported by the home mobile switching
center of the mobile communication device. In this scenario, the mobile communication device
roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is
initiated and setup, a WiFi communication link is established between the mobile
communication device and a first wireless access point associated with the first WiFi coverage
area. When the mobile communication device is within the first WiFi coverage area, the mobile
communication device registers with its home nomadic server via the first WiFi access point.
The first call is routed from the wireless access point 40 through a cellular network, such as the
mobile switching center and either the PLMN or the PSTN.

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this third scenario is the home mobile switching center of the mobile communication
device. The mobile communication device also sends a call setup request to the home mobile
switching center for a second call with the same end destination as the first call. The second call
is setup by the home mobile switching center, and the second call is routed to the CIWF block
within the home nomadic server. The CIWF block determines from the WIWF block if the first
call is in progress. If the first call is in progress, then the CIWF block sends an affirmative
answer message to the home mobile switching center. The home mobile switching center in turn

sends the affirmative answer message to the mobile communication device.
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In response to receiving the affirmative answer message, the mobile communication
device stops media streaming over the WiFi communication link and powers down its WiFi part.
The CIWF block then changes the registration of the mobile communication device in the WIWF
block with an IP address of the CIWF block. The CIWF block sends a re-invite message to the
WIWF block signifying a media switchover to the IP address of the CIWF block from the IP
address of the first wireless access point. Media streaming associated with the first call is then
redirected to the CIWF block, where the media is then switched over to the home mobile
switching center. The media stream associated with the first call is now associated with the
second call, where the media stream is now directed from the cellular network to the CIWF block
to the home mobile switching center to the mobile communication device. The transition
according to the third scenario is now complete. If the second call is subsequently disconnected
by the mobile communication device, then the corresponding call breakdown process is
supervised by the CIWF block and the home mobile switching center. If the second call is
subsequently disconnected by the end destination device, then the corresponding call breakdown
process is supervised by the CIWF block.

A fourth scenario includes the mobile communication device initiating a call within a first
WiFi coverage area that resides outside a cellular coverage area supported by the home mobile
switching center of the mobile communication device, setting up a back end of the call over a
VOIP network, and roaming from the first WiFi coverage area to a cellular coverage area
supported by a visitor mobile switching center. In this scenario, the mobile communication
device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is
initiated and setup, a WiFi communication link is established between the mobile
communication device and a first wireless access point associated with the first WiFi coverage
area. When the mobile communication device is within the first WiFi coverage area, the mobile
communication device registers with its home nomadic server via the first WiFi access point. In
this manner, the WIWF block in the home nomadic server monitors the location of the mobile

communication device . The first call is routed from the mobile communication device to the

Page 18 of 22

IPR2025-00447 Page 00362



PATENT
Attorney Docket No. HAVA-00402

first wireless access point via the WiFi communication link to the WIWF block of the visitor
nomadic server associated with the visitor mobile switching center to the VOIP network

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this fourth scenario is the visitor mobile switching center. The mobile communication
device notifies the WIWF block in its home nomadic server that the signal strength or other
criteria is below the predetermined threshold. The mobile communication device also sends a
call setup request to the visitor mobile switching center for a second call with the same end
destination as the first call. The visitor mobile switching center forwards the call setup request to
the CIWF block within the visitor nomadic server. Within the visitor nomadic server, the CIWF
block determines from the WIWF block if the first call is in progress. Since the mobile
communication device has been registering itself with its home nomadic server, and not with the
visitor nomadic server, the WIWF block within the visitor nomadic server does not have a record
of the first call being in progress. In response, the visitor nomadic server sets up the second call
over the cellular network. Concurrently, the home nomadic server tears down the first call over
the VOIP network.

A fifth scenario includes the mobile communication device initiating a call within a first
WiFi coverage area that resides outside a cellular coverage area supported by the home mobile
switching center of the mobile communication device, setting up a back end of the call over a
cellular network, and roaming from the first WiFi coverage area to a cellular coverage area
supported by a visitor mobile switching center. In this scenario, the mobile communication
device roams from the first WiFi coverage area to a non-WiFi coverage area. When a first call is
initiated and setup, a WiFi communication link is established between the mobile
communication device and a first wireless access point associated with the first WiFi access

point. The first call is routed from the mobile communication device to the first wireless access
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point via the WiFi communication link to the CIWF block of the visitor nomadic server to the
visitor mobile switching center to the cellular network.

The mobile communication device monitors a signal strength or other criteria of the WiFi
communication link. When the signal strength or other criteria drops below a predetermined
threshold, the mobile communication device registers with the nearest mobile switching center,
which in this fifth scenario is the visitor mobile switching center. When the mobile
communication device is within the first WiFi coverage area, the mobile communication device
registers with its home nomadic server via the first WiFi access point. In this manner, the WIWF
block in the home nomadic server monitors the location of the mobile communication device.
The mobile communication device notifies the WIWF block in its home nomadic server that the
signal strength or other criteria is below the predetermined threshold. The mobile
communication device also sends a call setup request to the visitor mobile switching center for a
second call with the same end destination as the first call. The visitor mobile switching center
forwards the call setup request to the CIWF block within the visitor nomadic server. Within the
visitor nomadic server, the CIWF block determines from the WIWF block if the first call is in
progress. Since the mobile communication device has been registering itself with its home
nomadic server, and not with the visitor nomadic server, the WIWF block within the visitor
nomadic server does not have a record of the first call being in progress. In response, the visitor
nomadic server sets up the second call over the cellular network. Concurrently, the home
nomadic server tears down the first call over the cellular network and the first WiFi
communication link.

It is understood that the five scenarios described above are not exhaustive or inclusive of
all scenarios in which the mobile communication device can roam from a first coverage area to a
second coverage area with the support of the nomadic server. It is understood that other
scenarios are also contemplated.

In some embodiments, the nomadic server 80 also communicates to other nomadic

services over the Internet to route and complete calls using VOIP. This server-to-server
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communication can be used for all calls, even for cellular to cellular calls. In such a situation, the
cellular telephone communication is transmitted from the initiating cellular telephone to the
appropriate base station. From this base station, the communication is routed to the appropriate
nomadic server 80, which in some embodiments is the nomadic server 80 that is the closest to the
receiving base station 10. This initiating nomadic server 80 then transmits the communication
over the Internet, to the nomadic server 80 that is closest to the appropriate base station 10
corresponding to the location of the receiver’s cellular telephone. This receiving nomadic server
80 then transmits the communication to this receiving base station 10, which transmits the
communication to the receiver’s cellular telephone. In this manner, the only portions of the
transmission that are communicated over the cellular telephone network, are the initial leg, from
the initiating cellular telephone to the appropriate base station, and the final leg, from the
appropriate base station to the receiver’s cellular telephone. The remaining, intermediate,
portions of the transmission are communicated between the appropriate nomadic servers over the
Internet, which allows the call to be completed more efficiently than if the call was transmitted
completely over the cellular network in the traditional manner. As will be apparent to those
skilled in the art, communications are directed in both directions in this manner in order to
complete the call between the initiator and the receiver, with the initial and final portions of the
transmission routed over the cellular network and the remaining intermediate portions of the
transmission routed between nomadic servers 80, over the Internet 50.

The present invention has been described in terms of specific embodiments incorporating
details to facilitate the understanding of the principles of construction and operation of the
invention. As such, references herein to specific embodiments and details thereof are not
intended to limit the scope of the claims appended hereto. It will be apparent to those skilled in
the art that modifications can be made to the embodiments chosen for illustration without

departing from the spirit and scope of the invention.
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Abstract of the Disclosure

A nomadic server and a related system provides seamless roaming for a mobile
communication device between different types of wireless networks, such as WiFi and cellular
networks for voice, data and video communication. Use of the nomadic server enables a
combination of WiFi and cellular networks for providing access to the cellular phones and make
use of the VOIP networks for switching the calls wherever possible. The nomadic server is a
telephone communication processing and switching server that will “hold” the present, in-
progress telephone communications without dropping, while roaming without losing the present,
in-progress communication. For example, a telephone communication can be seamlessly
switching between VOIP and cellular telephone networks using the nomadic server. Nomadic
server resources interface with the VOIP and cellular network switches to provide the hand-off
between networks. This approach enables switching of telephone communications over a VOIP

network wherever possible either through WiFi or through cellular networks.
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1 2287858

METHOD FOR DETERMINING HANDOVER IN A MULTICELLULAR
ENVIRONMENT

Field of the Invention
This invention relates in general to a method of determining

handovers in a multicellular environment, and more particularly to
determining handover in a multicellular environment based on a parameter
of an incoming signal from at least one of the neighbouring cells or serving
cell.

Background to the Invention

In a cellular environment, at any one time, there is usually one
serving cell defined as the cell with the base station that a mobile unit is
receiving service from so that the mobile unit may receive and transmit
communication and a number of surrounding cells that are referred to as
neighbouring cells. The serving cell may also be referred to as the cell that
the mobile unit is camped on to.

In a multicellular environment, there may be cells of different sizes
where a number of cells of the same size are located within one larger cell
(umbrella cell or macrocell). The smaller cells within the umbrella cell may
be called microcells. Microcells are created in a dense population of users to
allow a greater capacity of users on the cellular system. The microcells
facilitate the reuse of frequencies over a smaller distance. Thus, a mobile
unit may be located within a microcell as well as an umbrella cell.

Typically, rural areas that do not have a large number of users or do
not require a large capacity only need to be divided into larger cells. As the
areas grow or the cells get closer to densely populated areas, the larger cells
do not have the capacity to facilitate the increased number of users. There
are not enough frequencies allocated. So microcells are created within the
larger cells and the larger cells become umbrella cells. This allows
frequency reuse among the microcells. Such microcellular techniques
improve spectral efficiency and increase the capacity of the cellular network.

Microcells have disadvantages. One disadvantage is that in
microcellular areas the number of handovers increases and the time
available to make handover decisions decreases. For example, having too
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many smaller size microcells in an area where there is a fast moving mobile,
the fast moving mobile travels through a number of microcells in a short
amount of time causing a number of handovers to be processed. Increasing
the number of handovers in a short amount of time decreases the call
reliability and increases the number of breaks in communication, thus,
reducing the quality of communication and in extreme cases, loses calls.

Thus, a fast and reliable method of determining when to handover in
a multicellular environment needs to be established. One such method has
been proposed in co-pending UK Patent Application No. 9324428.3 entitled
"Method for Determining Handover in a Multicellular Environment" filed on
November 27, 1998 by Motorola. A related co-pending application that the
present application claims priority from is UK Patent Application No.
9405539.9 entitled "Method for Determining Handover Candidate in a
Multicellular Environment” filed on March 24, 1994 by Motorola.

Digital cellular communications systems, such as the GSM (Global
System for Mobile Communications), integrate a large number of cellsin a
microcellular environment. It is required in GSM that a mobile station
report a received signal level strength of its six strongest neighbouring cells.
Current handover techniques choose a handover candidate from one of the
strongest neighbouring cells. In a microcellular environment where the
signal strengths are varying rapidly, a cell may produce a strong signal level
strength in one measurement report and then a weak signal level strength
in a next measurement report. Thus, making a handover decision based
solely on a first report of signal strengths may result in selecting a base site
that would not be a reliable serving cell for the mobile station.

Furthermore, in Phase One GSM there is no scheme to support an
overlay macrocellular network and an underlay microcellular network in
terms of handovers between the macrocells and the microcells.

Presently, a mobile station monitors the signal strength of a number
of neighbour cells and reports this information on a regular basis to the
serving base station. The cells that the mobile station monitors is
determined by the Basestation Allocation (BA) list sent to it by the base
station.

In Phase One GSM systems and Phase Two GSM systems the process
of determining the need for a handover and the selection of the best
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candidate is separate. In such systems there are two methods that are used
to determine that a handover is required:

1)  The average signal level falls/link quality/time delay ...
below programmable thresholds;

2)  The signal strength of neighbour cells exceeds that of the
serving cell by a programmable threshold.

The second part of the process is to determine the best handover
candidate. It must be separately decided which the best candidate is from
those available based on signal strength readings from the serving cell and a
number of candidate base stations.

For multicellular environments, it is desirable to make reliable
handover decisions based on a number of criteria involving received signal

parameters.

Summary of the Invention
According to the present invention, there is provided a method for

determining a handover in a multicellular communication system including
the steps of measuring received signal parameters received from a serving
cell and a plurality of neighbouring cells, comparing received signal
parameters with a variable threshold value for each of the plurality of
neighbour cells, measuring time received signal parameters are above
threshold value for each of the plurality of neighbour cells, and determining
handover based on the measured time.

In an alternative embodiment the method includes measuring for a
period of time a number of times the received signal parameters are above
threshold value for each of the plurality of neighbour cells and determining
handover based on the number of times.

In a further embodiment the method includes measuring for a period
of time a number of times the received signal parameters are above
threshold value for each of the plurality of neighbour cells and determining
handover based on the measured number of times.

Brief Description of the Drawing
FIG. 1 llustrates a multicellular environment.
FIG. 2 illustrates a buffer arrangement for an embodiment of the

present invention.
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FIGS. 3-5 illustrates signal strength variations when a mobile is
moving as indicated in FIG. 1.

FIG. 6-8 illustrate flow charts for embodiments of the present
invention.

Detailed Description of the Preferred Embodiment

Referring to FIG. 1, a multicellular (or microcellular) environment is
shown comprising of at least one macrocell (or umbrella cell) 101 and a
plurality of microcells 110, 111, 112. Each cell includes a base station
typically located in the geographic area covered by the cell. The base
stations are not shown in FIG. 1. A base station 115 typically determines
the size and capacity of the cell 110. A communication system may include
different sized cells as well as a mobile station 120 which may be receiving
service from either a base station of the macrocell 101 or a base station of
one of the microcells 111. Receiving service from a particular base station in
terms of being able to receive and transmit calls is also referred to as being
camped on that particular base station. When a mobile station enters the
multicellular environment a decision should be made to determine whether
to remain being served by the current cell type or handover to a new cell
type. The decision may be dependent upon the speed of the mobile unit.

Two cases may be defined when a mobile station is in a multicellular
environment or coverage area. The mobile unit may be moving at a high
speed or at a slower speed.

When a fast moving mobile station is in a microcellular environment
it is desirable that the mobile station remain on the macrocell 101 to
alleviate the number of handovers that would be required in a short amount
of time.

On the other hand, when a slow moving mobile station isin a
microcellular environment it is desirable that the slow moving mobile
station is handed over to a microcell 111. This ensures that the macrocell
does not become congested and the maximum traffic is handled by the
microcell.

Thus, according to one embodiment of the present invention when the
mobile station 120 enters a microcellular environment the received signal
parameters received from the serving cell and a plurality of neighbouring
cells are measured at the mobile station 120 and sent to the serving cell base
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station. The received signal parameters are compared with a respective
variable threshold value for each of the plurality of neighbour cells. Then a
duration of time is measured time corresponding to how long the received
signal parameters are above the respective threshold value for each of the
plurality of neighbour cells. Thus, a reliable handover or handover
candidate may be determined based on the measured time.

An alternative embodiment of the present invention includes
measuring for a period of time a number of times the received signal
parameters are above threshold value for each of the plurality of neighbour
cells or a percentage of time that the received signal parameters are above
the threshold value and determining handover or handover candidate based
on the measured number of times or percentage.

Similarly, a further embodiment includes calculating an average of
time or an average of the received signal parameter exceeding the respective
threshold value.

The method of the present invention may also include taking into
account the actual or absolute received signal parameter as well as any
history available.

The received signal parameter may be a received signal level, a power
level control signal or a timing advance signal.

The method of the present invention may be used for determining a
requirement to handover or determining an ordering of a priority of
handover candidates or both.

The method of the present invention proposes that a timer be started
when the mobile station sees that the received signal parameter, such as the
signal strength, of a neighbouring cell is above a programmable level or a
variable threshold value. The neighbouring cell may be the serving cell or a
candidate cell.

The variable or programmable threshold value is used to start a timer
and may be different for each cell. Likewise, a different timer may be
associated with each cell. Both the threshold value and the time may be
predetermined or adaptively defined.

In a preferred embodiment of the present invention, the timer keeps
running while the measured received signal strength level is above the

respective cell's threshold value.
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The following is examples of criteria in GSM which may be used to

determine if a particular cell received signal level is above a threshold value.
A cell has been continuously being reported in the mobile
measurement reports (e.g.. SACCH multiframes) and exceeding
some programmable threshold over the time Tn. Under this
condition the neighbouring cell has the highest probability to be
a good handover candidate but it may not take into account fast
changes in RXLEV due to fading, shadowing etc.

" The cell has been reported at least n out of m times in the
mobile measurement report and exceeding some programmable
threshold over the time Tn. This method takes into account any
fast changes in RXLEV in the neighbouring cell reporting and
therefore has a high probability of identifying a good handover
candidate. The values of n and m may be optimised for each
cell.

The average RXLEV of the cell exceeds a threshold over the
time Tn. This method averages out all the peaks and troughs of
RXLEV but may not give a very accurate indication of a
handover candidate because values are changing so rapidly.

The signal strength threshold could be set such that candidate cells
are monitored well before the candidate cell is higher than the serving cell.
This would allow microcells to be monitored in advance of time when a
handover is required, and make a more informed macrocell/microcell
handover decision.

The timer value indicates the length of time that a cell has been a
good candidate. The longer this time then the more likely thatitistobe a
good candidate cell. Microcells will only appear as good cells if sufficient
time is spent in the cell (a mobile user is travelling slowly or the cellis a
macro cell). RF planning could be used to encourage mobiles onto microcells.

In addition to having a threshold set at which a serving cell indicates
that a handover is required due to very poor serving cell signal levels the
present invention provides that predetermined (or variable) levels of
neighbour cells could be used to indicate that a handover is requested.
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Thus, a handover candidate may be determined by the present
invention. One possible implementation is that for a cell not to be
considered as a handover candidate unless it has been one of the strong cells
(RXLEV exceeds given programmable signal level threshold) for a give time
Tn. A timer Tn is associated with each cell. It can be different for each of
the cells and is defined by the user in the database. The signal level
threshold could be different for each cell.

FIG. 2 shows one way in which the timer Ty may be used in
determining a handover candidate. In FIG. 2 the mobile station reports the
strongest neighbour carriers in terms of received signal levels to the base
station. The system controller of the base station puts them in a first buffer
25 and starts a timer Tp. If at the expiry of the timer Ty, the cell is still one
of the six strongest carriers than it is moved to a second buffer 27 as one of
the handover candidates.

Using this method the handover candidate list should always contain
at least one cell which is the Standby Handover Cell. Standby Handover
Cell is defined as a cell which is cell barred for normal call origination, but is
available for any emergency handovers. It may be one of the macrocells (or
certain timeslots in a given macrocell). This will ensure that in the cases
where a handover is required but there are no suitable microcells available,
then the call can be handed over without it being dropped.

RXQUAL and any other criterion currently used in the handover
algorithm may also need to be satisfied if the cell is to be considered as
handover candidate.

The ordering of the priority of the candidate cells could be determined
by the following parameters: values of C1 for each cell, the absolute signal
strength of the candidate cells and the serving cells, the value of the timers
for each of the candidate cells. The decision could be made on the current
values of each parameter or multi-parameter trends could also be used.

Alternatively, the timer does not need to bar the cell being considered
as a candidate cell for a period of time. The timer could be used a weighting
factor in the ordering of the candidate handover cells. The weighting factor
could be any function of time (for example squared law, linear, or
exponential).

The decision that a handover is required ean be considered as a
separate process to that of deciding the best handover candidate cells. An
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embodiment of the present invention which may be used to determine
handover may include any combination of the following: determining that
the signal strength of the serving cell is below a programmable threshold, a
timer tn expires, and an algorithm to indicate when a handover is required.
The handover decision is determined by the value of the timers and the
absolute signal levels levels of either the serving cell or the candidate cells.

FIGS. 3-5 show the signal strength variations when the mobile is
moving along the direction indicated by the arrow in FIG. 1. FIG. 3 shows
that a received signal level increases for cell A 110 as the mobile 120 travels
in the direction as indicated. The received signal level for cell A 110 steadily
increases for a time shown on the horizontal axis as a respective
programmable time threshold A.

FIG. 4 shows that a received signal level for cell B is above its
respective threshold value (level) and steadily increases for its respective
programmable time threshold B. The rate of the received signal level of cell
B is increasing faster than the rate of the received signal level of A. Thus,
cell B may have a higher absolute value for a received signal level while the
programmable time for cell A is longer.

FIG. 5 shows the received signal level for the serving cell 111
decreasing as the mobile station moves as indicated. The received signal
level of the serving cell drops below its respective threshold level and
steadily decreases for its respective programmable time.

FIG. 6 illustrates a flow chart for an embodiment of the present
invention. Particularly, in dedicated mode operation a mobile station is
monitoring and reporting serving and neighbouring cell signal strengths
and link quality as in step 601. The mobile station reports the
measurements to the base station and whether a handover is required is
determined based on a qualifying timer algorithm as in step 602 and further
defined in FIG. 7. A qualifying timer algorithm includes such as are known
in GSM and trend analysis as well as that described in accordance with the
present invention in FIG. 7.

If a handover is required as determined by a qualifying timer
algorithm in step 602, then it is determined as in step 604 which candidates
if any are suitable.

Another method is continuously monitoring the measurement reports
from each neighbour cell as in step 603.
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The ordering or prioritising of handover candidates as in step 604 may
be done simultaneously and independently of determining whether a
handover is required. Thus, a list of candidates may be constantly generated
and updated so that when it is determined that a handover is required
handover candidates may be readily available and ordered so the best
handover candidate may be handed over to quickly.

Alternatively, the timers used to reorder the priority of handover
candidates may be triggered by the handover request from step 602.

Specifically, absolute received signal levels or power budget levels
from neighbouring cells may be used in determining whether any cell is a
suitable handover candidate. Furthermore, candidate timer values may be
used independently for each cell for measuring respective received
parameters. Trend analysis may also be used to determine suitable
handover candidates and prioritise handover candidates. Particular checks
may include minimum RXLEV threshold exceeded availability, Power
Budget better than current serving cell and handover margin hysteresis
exceeded.

If a suitable handover candidate is determined in step 606 than the
mobile station is handed over to the suitable candidate as in step 608. If no
suitable candidate is available as determined by step 606 then no handover
is performed as in step 610. In both situations the mobile returns to
monitoring and reporting as in step 601.

Based on the reported measurements received in step 603, candidate
timers are started to determine possible handover candidates as well as
possibly prioritisation of candidates. The decision to start the candidate
timers may be based on received signal levels and power budget signals.

The timer values and respective threshold values are transferred as in
step 605 to the method of determining the handover candidates and
prioritisation of candidates in step 604. Therefore, the ordering or
prioritisation of handover candidates maybe implemented as an independent
process initiated when the need to handover is required.

FIG. 7 shows a flow chart that provides a handover required decision
based on a timer method according to the present invention. The method is
to ascertain, if any, of the many possible handover causes generated by step
701 has been continuously valid for a programmable handover cause
dependent delay and thus should generate a Handover Required command.
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A Handover Required command shall indicate the cause that led its
generation. In the case when several handover cause dependent timers are
expired when a Handover Required command is generated, all causes shall
be listed. Additionally, the Handover Required command may include all
causes which are valid at the time of generation indicating whether or not
the associated timers have expired.

Some causes may have zero timer values, for example, if such a cause
might indicate that communication could be lost.

An alternative embodiment of the method could include a mechanism
to enable timers to be dynamically varied. For example, if some cause or
combination of causes, might indicate that a particular kind of handover
would be beneficial even if the timer associated with that cause had not
expired.

If a handover is required as in step 701 and as further described in
FIG. 8 then the handover cause and respective timer is checked as in step
703. If the timer has been already started as determined in step 705 then it
is determined whether the timer has been expired as in step 706. If the
timer has expired then a handover is required.

If no handover is required as in step 701 then the respective timer is
reset and no handover is required.

If the respective timer has not been started as in step 705 then the
timer is started as in step 707 and no handover is required.

The timers of FIG. 7 are handover delay timers.

FIG. 8 further describes a method that triggers a handover situation
according to an embodiment of the present invention. From the reported
measurements it is determined whether the neighbouring cells signal levels
are above a threshold value as in step 801. The threshold value may be
variable or predetermined and may vary from cell to cell. The threshold
values may also be based on absolute signal strength levels, C1 values, timer
values and trend analysis.

If it is determined in step 801 that a neighbour cell signal level is
above its respective threshold and its respective timer has been started then
it is determined whether the timer has expired as in step 805. If yes, then a
handover is triggered, if not, no handover is required. The respective timers
may be respective neighbour cell signal level timers.
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