VO CE SYNCHRONI ZATI ON DURI NG CALL HANDOFF FI ELD OF TECHNOLOGY [0001] The
present application relates to wireless comuni cations, and in particular
to voi ce synchronization during call handoff between two wirel ess networks.
BACKGROUND | NFORVATI ON [ 0002] Wreless | ocal area networks (WANs), such as
t hose defined by the | EEE 802.11 standard, are becom ng nore conmon for
enterprises such as businesses, wuniversities, and other organi zations in
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as a nmeangacRGRUWND NPORMAGYN and secure access to persons within the
enterprise coverage area while at the sane tine reducing the toll costs
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an enterprise coverage area and use a mohile wireless device to engage in services,
including real-time packet-based services such as VolP, as the device connection is

switched from access point to access point.

[0003] Enterprises are recognizing the advantages of wireless VolP as a means
of providing ready and secure access to persons within the enterprise coverage area
while at the same time reducing the toll costs associated with fraditional wide area

network (WAN) cellular phones operated by third party providers.

[o004] WILANs will often have overlapping coverage areas with traditional cellular
networks. Accordingly, there is a desire for a communications system in which voice
calls can be handed-off between a celiutar network and a WLAN with minimal effect on

the quality of the voice call during handoff.

SUMMARY

{0005] Embodiments described in the present application comprise a method and
system for hand-off of a voice media session between a WAN/cellular network and a

WILAN network. When a hand-off occurs, the connection with both networks is



differences in the del ays experienced over both connections. The tim ng of
one or both voice streans is adjusted to synchroni ze the voice streans,
and then the handoff is conpleted. [0006] In one aspect, the present
application describes a nethod for synchronizing during handoff of an
in-progress call in a comunications systemthat conprises a wireless w de
area network (WAN) and a wireless |ocal area network (W.AN) having at
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on the determined differential delay and then terminating the first voice path.

[0007] In another aspect, the present application describes a telephone enabled
mobile electronic device that comprises a wireless wide area network (WAN)
communications subsystem for exchanging voice data with a wireless wide are network
(WAN), a wireless local area network (WLAN) communications subsystem for
exchanging voice data with a wireless local area network (WLAN); a speaker; a
microphone; and a phone interface for receiving data from the microphone and
converting the microphone data into digital voice data and for receiving digital voice data
for the speaker and converting the digital voice data into data for oulput by the speaker.
The device also comprises a handoff synchronizer connected to the phone interface, the
WAN communications subsystem and the WLLAN communications subsystem for
synchronizing a handoff of an in-progress voice call between the mobile device and a
terminal end point. The handoff synchronizer comprises (i) comparator means for

comparing streams of voice data received simulianeousty by the WAN communications
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term nal end point. The handoff synchronizer conprises (i) conparator means
for conparing streans of voice data received sinmltaneously by the WAN
comuni cations -2 subsystem and the W.AN conmuni cati ons subsystem and
determining a transm ssion delay differential between the streams of voice
data; and (ii) timng adjustnment nmeans (146) responsive to the conparator
means for adjusting the timng of at |east one of the streans of voice
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recéived through the first gateway and determining a trangmission delay dlfferentlai

between the streams of voice dala; (i) timing adjustment means responsive to the
comparator means for adjusting the timing of at least one of the streams of voice data
based on the determined delay differential; and (i) switch means for disconnecting the
second gateway from one of the AP interface and the first gateway and connecting the
second gateway to the other one of the AP interface and the first gateway upon

completion of the timing adjustment.

BRIEF DESCRIPTION OF THE DRAWINGS

{0009] Example embodiments will now be described, by way of example only,

with reference to the attached Figures, wherein:

[0010] Figure 1 is a block diagram of a communications system incorporating
example embodiments;



[0010] Figure 1 is a block diagram of a conmunications systemincorporating
exanpl e enbodi nents; -3 [0011] Figure 2 is a bl ock diagram of a handoff
synchroni zi ng system of the comunications systemof Figure 1; [0012]
Figure 3 is a block diagram showi ng a nethod for synchronizi ng handoff

bet ween two networks within the communi cati ons systemof Figure 1; [0013]
Figure 4 is a block diagram showi ng a further nethod for synchroni zing

handof f bdElen t weigoetve aksoockididgram bhe heeamupharbhi2ns syidh enmef Figure 1;
[ 0014] Fi guLe rgimfiit;s a bSI ock gj a%r@m of a communi cations system i ncorporating
further exanpracdiPBsaHencstfo015] Figure 6 is a block diagramof a hand
of f synch bzer iga Il i i f {he connmunicatj ons
systom of B Hure shodedRa ey eEeh abFinEE Xl GEN R el "an
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comuni cations systens of Figures 1 and 5. [fOOl?] Li ke reference nuneral s
are used tMMfdughoufiotnie iEpdircdiagansheniac afyrteamethaddaresypehramiadng eat ur es.
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Wi rel ess W de Aarea netwo . WM 110, a wireless local area network (W.AN)
112, and goy4yred en il 1402400 12 1n.at | east sone

exanpl e e%bo i ment sh%%%?%&??@éég% %8%’.“2%@% ﬁqryaéi?‘%f'{a(gb'%xarrpl e 802. 11b
and/ or 80YeAMGIC fyifePéE e ORBRUNGSHAMPIEEM offdaurpBotstol s coul d al so be used

for WLAN I;}Jéif{’ As k ovvnj.n t he %rt, WLAN 112 includes a plurality of
wirel ess lo freg¥fidys PRISCk SIAgEE SHRWIRG 8n pagshPie PBa MARle Sectigmicch ar e
shown i n devgerteatthnbhated bl the commehigatresyslema oiEibNegavpiage area. I n an
exanpl e enbodi nent, WLAN 112 is operated by an enterprise (such as a
busi ness BP1TUni veriska yaference numerais are used throughout the Figures to denote similar

elements and features.

DETAILED DESCRIPTION

[0018] Referring first to Figure 1, there is a block diagram of a communication
system 100 according to at least one example embodiment of the present invention. The
communication system 100 includes mobile electronic devices 10 {only one of which is
shown in Figure 1), a wireless wide area network (WAN) 110, a wireless local area
network (WLAN) 112, and a wired enterprise network 114.

{0019] WLAN 112 in at least some example emhodiments conforms to IEEE
802.11 standards, for example 802.11b and/or 802.11g, however other communications
protocols could also be used for WLAN 112, As known in the art, WLAN 112 includes a
plurality of wireless radio frequency (RF} access points (AP) 116 (two of which are
shown in Figure 1) that collectively provide a WLAN coverage area. In an example
embodiment, WLAN 112 is operated by an enterprise {(such as a business or university,
for example) and access points 116 are connected to a wired enterprise network 114

through an access point interface 118. The AP interface 118 co-ordinates handoffs



for exanple) and access points 116 are connected to a wired enterprise
network 114 through an access point interface 118. The AP interface 118
co-ordi nat es handoffs -4 between access points 116 and acts as the
interface between the wired enterprise network 114 and the WLAN 112. The
AP interface 118 may be inplenented by a conputer such as a server running
a suitable software program At |east sone of the access points 116 of
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{(Universal Mobile Telecommunications Systems).

[0021} Mobile device 10 has the capability to establish voice calls wirelessly over
either WAN 110 or WLAN 112, and in this regard includes a WAN communications
subsystem 124 for communicating with base stations 120 of WAN 110 and a WLAN
communications subsystem 126 for communicating with access points 116 of WLAN
112. WAN 110 and WLAN 112 have coverage areas that at least partially overlap. in at
least some example embodiments, the coverage area of WAN 110 is much larger than
that of WLAN 112 and may overlap all or a large percentage of the coverage area of
WLAN 112, However, WLAN 112 may have sole coverage in some regions that are
dead spots in WAN 110, for example, some interior locations of an enterprise’s
buildings. In example embodiments the mobile device 10 is configured to communicate
voice calls over WLAN 112 when within the coverage area of WLAN 112, and over WAN
110 when outside of the coverage area of WLAN 112 and inside the coverage area of
WAN 110. Such a configuration may allow, amaong other things, the mobile device 10 to

minimize toll charges to the operator of network 110 and the operators of other networks
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dead spots in WAN 110, for exanple, sone interior |ocations of an
enterprise's buildings. In exanple enbodi nents the nobile device 10 is
configured to conmmuni cate voice calls over W.AN 112 when within the
coverage area of WLAN 112, and over WAN 110 when outside of the coverage
area of WLAN 112 and inside the coverage area of WAN 110. Such a
configuration may allow, amobng other things, the nobile device 10 to
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The terminal end point 128 may be a further VolP enabled telephone, or may, for

example, be a gateway that coverts VolP data to a format suitable for a local PSTN

(public switched telephone network) andfor non-VolP telephone. The enterprise network

114 includes a handoff synchronizer 134 for selectively connecting 1P galeway 132 to

the AP interface 118.

[0024] Turning now to WAN 110, in at least one example embodiment, the central
office 122 of WAN 110 is connected by a communications link 136 to a VolP gateway
138 of the Enterprise Network 118. VolP gateway 138 is in turn connected to handoff
synchronizer 134. The communications link 136 may include interfaces, gateways,
servers, switches and/or networks for routing voice data between WAN 110 and the
enterprise network 114, Communications link 136 allows voice data between a terminal
end point 128 and a mobile device 10 communicating through WAN 110 to be routed

through enterprise network 114. In one example embodiment, WAN subsystem 124 of
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the AP interface 118. [0024] Turning now to WAN 110, in at |east one
exanpl e enbodi nent, the central office 122 of WAN 110 is connected by a
comuni cations link 136 to a VolP gateway 138 of the Enterprise Network
118. Vol P gateway 138 is in turn connected to handoff synchronizer 134.
The conmmuni cations |ink 136 may include interfaces, gateways, servers,
swi tches and/or networks for routing voice data between WAN 110 and the

enterpri S&aeﬁﬁ@%ﬁﬂlﬁw&é—%’r@ ssQ@;ﬁT@UﬂécP@tdoﬂﬂﬁjnlidaWW%S@AN | @Ringahee data between a
term nal device 10 conmuni cat | ng t hrough WAN

110 to beC‘?rB’ﬁE“gH‘aP?"HPSH'dW V«Xﬁ?‘éﬁﬁrﬁ’%’e"%% gxcyanged hotumes \lR gpleway
enbodi nent 38 Mmcsmmwsanem k&4 3efis inG dtheiariinh et @m[@ er landrsissemnbigured to

t th t t | f WAN 110, d
Vo e dat AT SibhAnt R A P i o v SRR Sohiniraes Uil |1 nk 136
isin a sﬂ&ﬁwiﬂrand’sﬁmtnarto!%iwrmatdnd cbowentsrcarssmnsswenme()m:e:ﬁmuracd%ﬂ'é\lmkﬁme Vol P
gat evay 138y CoVeId a8 TR TR VALLNLAMLA PErROTINANGEL A0R IS L35 Trom

PSTN to Vo format and conver a sent over link 136
from Vol PTiuss itegxafplepsmpedirmygtisrathen shehepbitehdavicPI DN inenywedsi dekseiof or mat s nay be

used.  ThigSough WVRNQH@' Re § té’ﬁ?é}tﬁéi |¥"Q§RTbh§rnﬁP§?%h%pgﬁt\/ﬁuﬁ&ﬁ%~%g aiaha

voi ce session through WAN 1 he Vol P gat ewa termnal end
poi nt f unRErBIR iy Beblly deypy 10 $Lt9h a8 GHsBINlgaY fhoanaipe dguien 18 (o toke

conf i gur addvantagk loows \tdire nembid &cé@%l@@tf&ﬁ;ht@ztérﬁr'@ neBAFRAT AAGi@ rof he VoI P
net wor k acceszl bI ent er Fﬂel se n whi ch for exanpl e coul d

14
al | ow t he ’@H’]p?fﬁﬂ%ﬂp H?SB&?&%’S‘? refyfg ! Sﬁ‘ﬂq:@é‘égqst“ TRYPOIBEMELRSEPY ace by
routing cating ¢aiis dughghhom-YoP Bhitdhiarg spadde\predderineBvagisovh deleasiehwor ks. | n at

| east one ite@rllattigé @?’ér’nﬁf!g eﬁ?ﬁgﬁﬂmeﬁ’% Wgu Qt%rn %I\&f?ﬁlbr%%gm ev;ce4(00f the mobile

device 1015 confi gur e as a Vol P sessi on
and i nser%@prfbtm@@étesieraynal Q&@D@&HWENQ&H&&%S&OWM&Q@SQ@H pmkets AAAN 110,

with the y@ldadn@sbaaiaspate@étgge%%a@m@1*@ywtﬁ/mew%§ab@>g exi30eak,

Accor di n% exanp enbodi ments, when a WAN voice session I's In 5rogress
when t he qualég"‘ifé(\ﬂl ée 10 noves into the coverage area of W.AN 112, the

zsf}(szlh(r)gn: @g” Qgid EccorJlggot@e&gr%pl\é\%wnb%%lmen?s twr%een Wm%%%ebs ssrt]c(;innfs:’(:)rlc f
progress when the mobile device 10 moves into the coverage area of WLAN 112, the
session is handed off from the WAN 110 to the WLAN 112 by handoff synchronizer 134
in the enterprise network 114 switching a connection with 1P Gateway 132 from VolP
gateway 138 to AP interface 118. Similarly, when a WLAN voice session is in progress
when the mobile device 10 moves out of the coverage area of WLAN 112, the session is
handed from the WLAN 112 to WAN 110. The respective delays for voice data packets
travetling through WLAN 112 and WAN 110 can in the case of voice media resuit in a
noticeable artefact in the voice stream if the handoff between networks is not properly
managed. For example, a relatively small delay difference may result in a “pop” sound,
and a larger delay may result in a repeated or missing voice segment. Example
embodiments are described herein for addressing quality of service during voice session
handoff between a WLAN/cellular network and a WAN. As will be explained in greater
detail below, when a hand-off occurs, the connection with both networks is temporarily

maintained, the voice data on both connections compared and the timing of the voice



in the enterprise network 114 switching a connection with IP Gateway 132
fromVolP gateway 138 to AP interface 118. Simlarly, when a WLAN voi ce
session is in progress when the nobile device 10 noves out of the coverage
area of WLAN 112, the session is handed fromthe WLAN 112 to WAN 110. The
respective delays for voice data packets travelling through W.AN 112 and
WAN 110 can in the case of voice nedia result in a noticeable artefact in
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advanced ifgiuddset WidRtnddueef foaet sshERchy esizatitonoid ;@%iemyagﬁamp bef or e- br eak
handof f. [002 ne exanpl e_enbodj nent, handoff synchroni zation is
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may be i npl t.ed Ln . Sui-t abl fi.gured, conput er. .syst.em runni ng
conput er rr@gg {g}ﬁv\grf%.m %%é'leﬁ%eﬁ/&%ﬂ f0 %5?1%:(1‘1"#* gl(r)\ﬂzzérgmﬁ@h'ﬂ\gimgg#lauc e‘lsfgaan Wt'ch nodul e
140 for s@hectitwasidcogonmEetipmginyd Be trgataway!P 138weay 1APand determiniogth¢l8 to | P

gat eway 1dererlddin ARSI YBGDIORL KA pdfdhaleln GG henkOR A al Of

nodul e 144 {or conpari ng uring a procedure, voice data received
in paral ¥ the BrRPpBRYIEe tediteng adigsieeninegela 146 wepeisiyl IAPOTATEIf ace 118

and over m¥WN 149isandrig Mt At ingMitnind dtknd Yéicd Mt ¥@ean¥OEdMiggi-eway 138 and

det ini th i.ff t , del _the t t hs bet
he.ent or BA S S AEPUB RN T14 0 28 T e FbBRFE BN SENYDISSAT EFRHG S ust nont
nodul e 146e haspaihsireettos vanpaaatere symtwheed 44hins: pondieguned to adj ust the
N9, Clinleafa e EoABhAR Y BReL O 00T, MM A A RN A T O

account for ences I n ransm S_SI o_n rou_g e two pat hs.
Once the jpir)St I eal® oA rEen YAGRE 884268V & Hinbx@mBletA e hadfNeSn WAN

110 to WLAN 112 when the mobile device 10 moves into the coverage area of WLAN
112 will now be explained in greater detail with reference to Figures 1 and 2, and {o the
flow diagram of Figure 3 which illustrates an example synchronization handoff
procedure 300. Prior to the handoff, the mobile device 10 is outside of the coverage of
WLAN 112, and within the coverage of cellular WAN 110. As indicated in step 310, a
voice call involving mobile device 10 is in progress over the WAN 110. While the voice
call session is established the mobile device 10 fransmits through its WAN
communications subsystem 124 a stream of voice packets through base stations 120 to
the: central office 122, which routes the stream of voice packeis over communications
link 136 to the enterprise network 114 where they are received by VolP gateway 138.
VelP gateway 138 converts the stream of voice packets into a VolP compatible format,
and sends them via handoff synchronizer 134, IP galeway 132 and communications link
130 to VolIP terminal end point 128, which may among other things be a VoIP enabled

telephone or a VolP gateway that is connected to a non-VolP enabled teiephone device.
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t hreshol d, the conparator 144 causes the swtch 140 to swtch, conpleting
the handoff. [0027] An overvi ew having been provided, an exanple of a
handoff from WAN 110 to WLAN 112 when the nobile device 10 noves into the
coverage area of WLAN 112 will now be explained in greater detail wth
reference to Figures 1 and 2, and to the flow diagram of Figure 3 which
illustrates an exanpl e synchroni zati on handoff procedure 300. Prior to the

handof f , hh;-evvmﬁbédnﬁn@lﬂdén@@s &%syﬁemu@a |o¢iﬁ‘10@fe ddveCiovBsAeeeids a We%'Nx 112 and
V\nthlnthe cover age of | ul ar ated in, ste Voi ce

cal | i nvoPWiitg PRET B \?Béfé‘hfd’pf)%s*ﬁer?”ﬁ?‘&?&r @%gsﬁ%ffmfe%“w\n‘ffg Wil et he
voi ce cabdmeessiddembod®tal] the e thidhendipbint 1@ 8dewi ieea LBherradtsididesicé hr ough
its WAN cgnnwi jpns subsystem 124 a stream of voi ce packets through
base st at "o & the central office 122, which routes the stream of

voi ce paC@%a overy ﬁeomgﬁeffﬁa@;aegna stdrisMheh 30 %Qbﬁer%\/ﬁ;@tﬁrn%v'@ﬁﬂ@%mrk 114

where theVy ar'e receive vga eway 138. converts the

st r eam of ca¥grage gperried AN ﬁﬂ% A Pﬂﬂe@tﬁ‘rﬁ%ﬂ?lﬂ é”hﬁfbmﬁdﬂf’b”e M‘CQéﬁds them vi a

handof f syRehy QRii7 8k cbdéta éEregﬁwﬁm@ynlzﬁ%t@ggérfa@dmrabﬁwmwmmm 130 to
VolP term nal end point % whi ch may armng ot her things be a Vol P enabl ed

t el ephone®¥tthg V‘{}o‘}"ﬁcﬁa'f"é%i‘}"’f‘ﬁétjbﬁy?eéb?ﬁﬁ‘e"é'{' gop & %X%aﬂg%ﬁom@wamuga

t el ephonethdeme @@try o&ha hﬁ)bw\ﬂbxﬁw’mhﬁioqaé bmawsy&tmmlmnenom | e device
10 al so recei Ve lin posite

vVoi ce pack
di rect 1 orOFTS ERE TR Mirmenih S8R0 Eop e ko rab e ek AR et s
t he t er m wate eliids pairogred28 dnthy dbecaaerlitarrStVMb%N mvbcheramaree andiatinse AW LAN

112. [Oozﬁ\len‘-ggg1?@%(%?1310&%9&[%%?145%?@&1%; Olcgh aﬁBQ\' @eﬁlgéélﬁ V&%@ nmoves

into the coverage area o 112. As in cate In st en the
mobi | e dev® a@athgor e gesarpiot Yiiep mﬁ%etéér@m\é{géNaﬁO@%fmt\ALm SPPE’YS‘%" 2% gger

access pOthmugﬂal@h%oM%rﬂ:&%zera@d sh&ﬁtth@ﬁ@’WUﬁt&?ée‘r BB reSHiDSY Sl M 124
will begin to exch ange i nformation such En?tﬂe entry of the&%glle

devi ce 10MoRaateheatbdlersage sirad qfé’o‘&%%%f‘teé‘id BT Ys. &Rg di ment,
t he nobi | ﬁatdeélsteﬁep,ltﬂe hSncﬂmm‘thumederthrratsmgamvﬁae\/mh@azea/a\j\%la asokseocal | is
i n progress_an ent e N 112 cover.a advi se AP

|t or Tt cigaE PR R P T e e A, T B R AR TGRS0 ap

i nt er f acecd8usiedtions subsystem 124 over the air to a WAN base statlon 120, and sent
through central office 122 and communications link 136 to enterprise network 114. The
handoff synchronizer 134 also receives via AP interface 118 the same stream of voice
packets originating from mobile device 10 which are transmitted by WLAN

communications subsystem 126 over the air to 2 WLAN access point 1186,

[0029] Given the remote location of the handoff synchronizer 134 relative fo the
mobile device 10, the transmission delays of the WAN originating voice stream and the
WLAN originating voice stream will be such that typically there will be a differential in the
delay between the two streams of voice data packets at the handoff synchronizer 134,
As indicated in step 316, the two voice streams are compared to each other to
determine the differential in the delays experienced over their respective
communications paths. Such comparison is carried out by comparator module 144
which in one example embodiment cross-correlates the two sireams of voice data

packets to determine the difference in delays between the two streams.



up a path for the stream of voice packets from W.AN comruni cati ons
subsystem 126 through to handoff synchroni zer 134 such that handoff
synchroni zer 134 receives over two parallel paths the sanme stream of voice
packets. In other words, once the parallel path is set up, the handoff
synchroni zer 134 receives via Vol P gateway 138 a stream of voice packets
originating fromnobile device 10 which are transmtted by WAN

conmuni catioans subﬁyﬁmmea;%s@y@ﬁstzh@c@&mat&@daaml\dhm§§ed%saébé.%% %20, and
sent throu%ﬂ central office 122 and conmunications |link 136 to enterprise
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bet ween t WentigoVsANgais Infhevexagwiademnizodiaeiteths tioing dtiustraadefddusyéhr oni zer
134.  As Li)ddis teathih ofstﬁe;egst%-l@hecg O@cé %aﬁparﬁ:@nﬁﬁa%@ tH &reb Lfd to each

other to determne t ferenti al del ays experienced over their
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two strea qi ce d to deter @?1 erence, i n del ays
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prior to gogpleting the handoff. In the illustrated enbodinent,
synchroni zation is carried out by the timng adjustnent nodul e 146 in

response {0@3'|]nf or rrﬁ.tdn%xér%s@e\ﬁ%dfns@m;@emlaaéﬁetegru;;rm@'yﬂr@anﬂréﬂvmc%' &a'wugh not
necessarl%%%‘%é%tt e case, when handing off from WA to V\LAN

the trans %{Fpriﬁeﬁm%ﬁ?'ﬁgmﬁ?’éﬁéﬁ ?%W%@Sﬁ}%’&@?ﬁ*@ #el ays) WI I I
typi cal | yddiectga ead et ok Bhdriz@c¥\BiNtipaighadjdshaent it lAl. padiier th Blo@Rwaxanpl e
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the timing adjustment module 134 has the ability to manipulate packets carrying voice

data to provide the necessary timing adjustments. In at least some exampie

embodiments, the comparator module 144 monitors the two voice data streams output

by timing adjustment module 146 during the synchronization step, and when the delay

differential meets & predetermined threshold of acceptability that will not affect quality of

service, the comparator module 144 causes switch module 140 to switch from the

existing network connection {the connection to WAN network in the presently described

example) to the network connection that is taking over (lhe conneclion (o WLAN network

in the presently described example), thus completing the handoff (step 320). Once the

connection is switched to the AP inlerface 118 from the VolP gateway, the path between

mobile device WAN communications subsystem 124 through WAN 110 and

communications link 136 to VolP gateway 138 is terminated by WAN communications

subsystem 124 andfor VolP gateway 138, and the voice session is subsequently carried

on through an RTP path established between mobile device 10 and terminal end point
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case of a handoff from WAN 110 to WLAN 112, the tim ng adjustnent nodul e
146 adjusts the timng of the voice data stream passing through WAN 110
until the relative delay between the WAN 110 and WLAN 112 voice data
steans reaches an acceptable Ilevel. [0031] In one exanple enbodi nent, in
order speed up the stream of voice data, voice streamdata representing
qui et intervals such as pauses in conversation are detected and cut or

shor t ened Byt A9 1 AUMBIIREL: MDA BrL9hend ffkdRTIP (RBLowsslann L he

stream of "vol ce vol ce stream data ' representing quiet intervals such
as pauseSIOmiﬁnJHé?@?rﬂn@rléfé‘t13@n’:@|ﬂéthééﬁ@@?@€fel5’5fﬁet”i“f’f‘?h%j”aﬁﬂ”ﬂé?%‘ﬂl@f h#rsieliie 146 and
| engt hengdpsidisGy unddaBed.i M ng adj ust ment nodul e 134 has the ability to

mani pul ate packets carrying voice data to provide the necessary timng
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present | yinbeser Wied 11Geaahplee YVIAd! t Reonattadiemedisristice off R8¢ sp¥e@aki ng over

(the con | AN &I Kor 143 dRBnPh &8 @it hivideroice hed Dje) , thus
conpl eti Eﬁ&%ﬂgy%hgﬁ%soff (step éégor). Once g{)ﬁe conne!cti o}nﬂj S ,EW%& to the

h
AP i nt er fSiere’ 181 Hepvoinmstrramesing tgditestielfe derige pAIHS e RRIE USIb Pe devi ce WAN
COMUNI CadeifNmisy BGYSHRAMs LA dd o agloidb el dcaanay reonmumbidietdesins thi nk 136
to Vol P gateway 138 is term nated by WAN conmuni cati ons subsystem 124
and/ or Vgb@yat ewayiti @Ssreardo tfipire 6 meexsopl dr liandslibocedisntPyfirearri ed on

t hr ough R.pat i : 810101 i tgrm nal end
poi nt - L 16?%’_%&@%{‘&%9?%5&5}%2&18,,£§%ndg¢e?&§;%§ﬁr@%ﬁic§er 134, IP
gat evay 1@RAN{A2 wilbravipe extidiontsinoreater el Rriesp thedapdef Pl of ter ni nal
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appreciated th

Govi co. L0t PbTPIAR ee GBI 428 PARE RIS 1R K bRpSted i TEet i on
from call session is estahlished the mobile device 10 transmits through its WLAN

communications subsystem 126 a stream of voice packets through one or mare base

access points 116 to the AP interface 118, from which the stream of voice packets are

routed through handoff synchronizer 134, [P gateway 132 and communications link 130

1o Volf terminal end point 128, which may among other things be a VolP enabled

telephone or a VolP gateway that is connected to a non-VolP enabled telephone device.

The WLAN communications subsystem 126 of mobiie device 10 also receives a stream

of voice packets travelling in the opposite direction from the terminal end point 128. In

some example embodiments, the terminal end point 128 may be a further mobile device

within WLAN 112,

[0034] The handoff procedure starts when movement of the mobile device 10 out
of the coverage area of WLAN 112 is detected. As indicated in step 412, when the
mobile device 10 moves close to the boundary of WLAN 112, communication with a
trigger access point 116 of WLAN 112 indicates that movement of the device out of the

coverage area of WLAN 112 in the near future is likely. As indicated in step 314, when
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termnal end point 128 to nobile device 10. In at |east one exanple

enbodi nent, an assunption is nmade that the delay differences in voice
streans travelling at the same tine over WAN 110 and over W.AN 112 towards
the nobile device will be the sane as the del ays neasured by conparat or
144 comng fromthe nobile device. Accordingly, in step 318, the voice
streamgoing to the nobile device 10 is synchronized using the sane timng

adj ust mengs p@i@ﬂ{;mqn %o%tvtﬁ@web f%tér@@@cﬁ%éagmferr%mbfa@v.e@% W& dgwd ce 10.
[0033] Wth reference to ure an exa a handoff procedure 400

from WARW W@Wi‘l@ aYsterpHRf & RRsyp t"éh Yoo v@a raiitfoihe stigare over age
area of  MvANe Jaaake\m frdm OAW b@n@s&ﬁk@ﬁdﬁ@@ums@mmﬁhm@gh QAN 181 iceftrdi0 the

handof f ile device 10 e t he a rea of WLAN 112. As
R o et e LR o A p =W ekl S e
progress mcerthatthendMMndﬁt&:;zéMBh@e@h@m@erﬁ@o pealiel messhesahs seednabl | shed

t he nobi I\Sa (%ew C&s 10 transmits through its W.AN conmuni cati ons subsystem
126 a stream'or Voi ce packets through one or nore base access points 116

to the AP[Obﬁ% er f acﬂwe]i;lzﬁlsm SrSQ)Wd‘MHyQJf' t%%Aﬁ%lSﬁmargjon &r@aﬂ%ﬁ%é are routed

t hr ough handoff synchroni zer comuni cations |ink
130 to WiPNsisipting vwfq@amﬁw“ hzzaucfwnﬁ&iw'%ly tharp iyl et mdifferenisgsthbe a Vol P

enabl ed deﬂéﬁﬁ’ﬁ@é@w mé t'ﬁo M@aﬁwmt\f@w@wam@wm aCRBAaGdRCkyhehranip@sYol P
enabl ed &gl eghong t gg‘? he WLAN conmmuni cat i oni subSé%tem 126 of nobile
devi ce 10°aNSGaPE Lb5iGR %*‘%‘W"é’ ﬁ’i‘ceo?re@’BFéée CIRELIEOER BN Wy i n the
opposi t e dhteretdtd tba diffecmtitiie tHeatemys akpaacabover tHe28espantivesone exarrpl e

ermbod! Mo b S I8 o BRAoREL M 128 BVCRS, BoLHLHNE BRI S dovi ce

within W hando procedure neht of the
mobi | e devfliesledeboMgt of the coverage area of W.LAN 112 |s det ect ed. As
indicated in step 412, when the nobile device 10 noves close to the

boundary §P3 WAN Aoindigitdintiert i Hinewainialed felpygdhenised £ afwsiston 16 of
WLAN 112 dypdhroait@g thdiaio vaRyereahs pfiortth oslsneiintng and@dff, théhe &@w@reage area of

WLAN 112 in t r future is Ii ag{f‘s'n i.cate ?%4 when -11
Uhe pot erfTedeigsly T GriHARERR Bt Sul adey e GGt oS oTBrsihsivh dovi ce
10 wi || csieser (i ths SAANpleotmmsiiee@tpaosisg Sudgydviesn 122) tb cersate thp radttvh WAN 110
a path fofeid NGtRLdBREoice streams. Thus, in the case of a handoff to WAN 140 from

WLAN 112, the timing adjustment module 146 adjusts the fiming of the voice data

stream passing through WLAN 112 until the relative delay between the WAN 110 and

WLAN 112 voice data steams reaches an acceptable level.

{0037} In af least some example embodiments, the comparator module 144
monitors the two voice data streams output by timing adjustment modute 146 during the
synchronization step, and when the delay differential meets a predetermined threshold
of accepiability that will not affect quality of service, the comparator module 144 causes
swilch module 140 to switch from the existing network connection {the connection to
WLAN 112 in the presently described example) to the network connection that is taking
over (the connection to WAN 110 in the presently described example), thus completing
the handoff (step 420). Once the connection is switched from the AP interface 118 to the
VoIP gateway 138, the path between mobile device WLAN communications subsysiem
126 through WLAN 112 is terminated by WLAN communications subsystem 126 and/or
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of voice packets from WAN communi cati ons subsystem 124 through WAN 110,
central office 122, comunications link 136 and Vol P gateway 138 to
handof f synchroni zer 134, such that handoff synchroni zer 134 receives over
two parallel paths the same stream of voice packets. [0035] The

transm ssion delay of the WAN originating voice streamand the WAN

originating voice streamw ||l be such that typically there will be a
di f ferenti@|ndfict s, a@t@h@eyvd@&té@%@enwmgwean @@n@dm@v&Jgﬂ% dlaj a packets at
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del ays ex@mfel mcgﬂnmu@eadohemk T%pﬁﬁgé{&waycméﬂdbﬁts&%ﬁor@ﬁrhgé ipuch
conpari son |sycgﬂlzr| ed out by conparator nodule 144 i ndi cat ed above.
¢!
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data strdaffo8lR g?)@ce[,{j\cﬁqrqiw% 'aa]e@ﬁ%ﬁ? VRSB §irerm a8na it PRGN AHe dev'ce
synchr oni 1as smhsdrﬂmﬁ uaing tdheiimd reindeldapteckritd gfpfind toathe WBict stréarpr edet er m ned

threshold A t wll not affect quality of service, the
conpar at of mﬁt?d r%%1)4%83Lgucfse}g'c& WI tch nodule 140 to switch fromthe existing

net vork GEBAOLT ONn (ANGAANNEELIAY difye AL Zrddh LhSnREERY L vescr | Ded

exanple) to the net nnection t over e connection to

WAN 110 i Rneeféispidiisissitp yeraeedthe pativesdsiay| @)somrﬁfgrr@éwﬁﬁmwfg the handof f

(step 42Qmbdeantt e tﬁrﬁlﬁ%@f%dt!@ﬁbnéé%t%éﬂrﬁsq{ﬂ@)dbé sQmRiEher AR iMhebfjaaensl 18 to
the VolP gateway 138, t at h between bil e device WLAN conmmuni cati ons

subsyst e SECe HiegiighaX AR 1Hed [ EVRiSHAT R HIOW. AN conmuni cat i ons

subsyst effb&%ﬁ and/iR the embodiments described above, the handoff synchronizer 134 has
been iliustrated as being part of enterprise network 114, which is remotely located from
the mobile device 10. However, in other example embodiments, handoff synchronizer
134 may be located at other locations in the communications system 100 where two
voice paths potentially converge. For example, handoff synchronizer 134 could be
focated in the mobile electronic device 10, and in this regard Figure 5 shows a further
example embodiment in which handoff synchronizer 134 is jocated within mobile device
10. When located in maobile device 10, the handoff synchronizer 134 selectively
connects a phone interface 150 of the mobile device 10 to either the WAN
commurications subsystem 124 or the WLAN communications subsystem 126. The
phone interface 150 converts the stream of voice data received from WAN
communications subsystem 124 or WLAN communications subsystem 126 into a format
so that it can be applied to a speaker of the mobile device 10. Similarly, the phone
interface 150 converis voice data received from a microphone of the mobile device10

into a digital format for WAN communications subsystern 124 or WLAN communications
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-12 AP interface 118, and the voice session is subsequently carried on
through a path established between nobile device 10 and term nal end point
128 via WAN 110, central office 122, communications |ink 136, Vol P gateway
138, handoff synchronizer 134, IP gateway 132 and conmmuni cations Link 130.
From the perspective of term nal end point 128, the handoff is
substantially unnoticed. As indicated above, streans of voice data packets
are goi ngsisyHenridm ﬂmbidnéofﬂeyﬁcbr@nik@r 131 ey in soale e&ﬁd]p@(ﬁnﬁﬁodﬂrﬁ&;ts gad also in

the oppo end po int 1 e device 10. In
at | east I?)A iﬁw%ﬁén‘%} éo(ﬁoan %@ Utg? gba%rocegsor{p N m’oé% qriset 1% %hef R¥"Gel ay
di f f er enciéleripee & vey haverearenentavetibnagedby bireftgamexeiutel oyer WAN 110 and

over VAN LAZbOURHIndelle o BRI dgkdiefo i || De the same as the del ays
nmeasur ed by conparat or comng from the nobile device. Accordingly, in

step 418, [oohe) von cag@brmawgmmne@ff& RhAReH %ﬂ@é’lb@ﬁed ﬂaqnbzﬁle%éolegrom zed
using the C?gma h (T:lZ g%s nents applied to the voice stream comng from
t he nobi | & d8§PREMYT2Ef o387 3 ﬁmflﬁrecoé‘fé%i‘%‘ g IpetehiBdvrentetmEss oi ce

st r eam estatbrksiHedexpeptdnattios tdsmecﬂ@amdwfpfi\ldmmadjnmbagls&& ét@momf bt hﬁ relative
del a I NA$Q | I i me 0 oth voice

st regms may E‘;Og}ﬂﬁ L’Sjsctg'g5 %bgﬁ?&p ?%%?%@P“? @ge{%{:%égo ﬁ%ﬁ%&g?%?tg? f€am may be
adj ust ed bi@ffa%’ié&ém@ﬁ@hwenﬁ%&amd)tﬁ’ g4t&e80] 32l ihe heceddve thrmentisg descr i bed
above, thgdphdafifaeynans gamuéﬁ{o 3% Jé@énbé&%@vé L,Jaaigﬁﬂb%tb?g;ﬁes%ﬁé ng part of

enterprise network I's renptely | ocat T devi ce
10. HowewWsth f%@tﬁefmeﬁ@ﬁges&&@p@ eclré%@alemp@ of R AREETE frany MEAN OH) eVLAN34 may be

| ocat ed at1z0ithera Jn@ﬁ@tde(?l&é hafing B oﬁ@cmm Hha@cﬁiﬁ" sqn&rw%ra@h FHe¥hes 8ot WO

voi ce paths otentl or exanp andof f synchroni zer 134
coul @ be VeREk A § WY RED I ot e p G e 020! WERIPIFNEhIcG r egar ¢

Fi gure 5 Shows5ant 6r aien theemmb@raamffw@mmpmdn t(y\memnhkﬁﬂdﬁa‘ﬁwo&hénchr oni zer
134 is loga deV| in nobi |l e device 10,
t he handof f C?‘R‘é%?@%?%@% §Verae$ eCt i\‘/élgwwaéﬁﬁ’@&"gthgcﬁ TTORHE ?fr?FE‘t” $ace 150 of
t he nobi I\@Aﬂie‘\ﬁiocés 1gictigdai stheB 19, kevoitaNtall rowtving recttle dlesics ub syist em 124 or the

WLAN COMBIRIER] bR SHRRYLORIZE: EB caP DR IOLEEERGE: hRGaGfiBVer t s the
stream of voice data receive
device 10 transmits through its WAN communicatlons subsystem 124 a stream of voice

packets through one or more base stations 120 to the central office 122, which routes
the stream of voice packets over communications link 136 to the enterprise network 114
where they are received by VolP gateway 138. VolP gateway 138 converts the stream
of voice packets into a VolP compatible format, and sends them via IP gateway 132 and
communications link 130 to VolP terminal end point 128, The WAN communications
subsystem 124 of mobile device 10 also receives a stream of voice packets travelling in
the opposite direction from the terminal end point 128,

[6041] The handoff procedure starts when the mobile device 10 moves into the
coverage area of WLAN 112. As indicated in step 312, when the mobile device 10
maoves within the coverage are of WLAN 112, a trigger access point 116 6f WLAN 112
and the WLAN communications subsystem 124 will begin to exchange information such
that the entry of the mobile device 10 into the coverage area is detected. In one
example embodiment, the mobile device 10 is configured fo recognize when a WAN

voice call is in progress and the device enters WLAN 112 coverage area, and advise AP
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communi cati ons subsystem 124 or W.LAN communi cati ons subsystem 126 into a
format so that it can be applied to a speaker of the nobile device 10.
Simlarly, the phone interface 150 converts voice data received froma

m crophone of the nobile devicelO into a digital format for WAN

communi cati ons subsystem 124 or W.AN conmuni cati ons -13 subsystem 126. The
handof f synchroni zer 134 may in sone exanple enbodi nents be inplenented by

sof twar e %@%&st%tavﬂk@‘éﬁﬁwmﬁhﬁas@ﬂ@éd n‘é%ré&% Qs infdigabbroge
interface 150 ma){ have conponents m@ tware executed by a

pr ocessor PBivet 18 1oib'evdelic 8"4A%INg atﬁﬁr”ﬂ%ﬁﬁ’ éd[ﬂﬁ)‘bﬂ'ﬁf"qﬁi’eﬁif@é Ogndhows t he

handﬁf f Sy\F?Grli‘téﬂzEﬂeZ”ﬂIB é:@jmpag&tématse@et i apbihlier ey peeketd QuchTihg ssaopghr oni Zerk
134 has a configu n nterpri net wor
134 o copthPlaBe sTOM OB PR B RRA SRR R ekt e REHRE 3 on " "o AN
cormuni c atPomsrgashsyistivenV1AB, 112rid tiphdbaNicnthetrhaaetorbSibsysadnh eff mothilan to t he

I t ) f
o ol R T0% N0 G St 0 0 LE BBt TG B sesflure Tor
will be bphae devigedenineah VivANH 126$ selendratdtion tg treeiging patithsugly, an

exanpl e okuBmhaRSE sfd o8 WNNVAAC o WLAN 112 when a nobil e device having
an onboard handoff synchroni zer 134 noves into the coverage area of W.AN

112 will mavzpe eth@inBBN?é dienf:c@rreaa@ﬁ hel&daH éyn&ﬂrbrhzéreifi’)&rr@cfm%stv& WE'Ngur es 5

d 6, d to t Pri t.h
nobi e asyrRunigis bR AR b Gl patia budRr b S AR At he
coverage phincEld witicr are\AAN thrib0gh Asmimpdicaiaine dnk mcsteemr;%@mavmmg cal l
i nvol vi “gfmﬂhkaﬁa&%}é'uﬁrﬁsﬂso %tﬁr%}@ﬁm?qgggﬁcﬁﬁlrzm/rgésrﬁ &y WAfdlo Wil e the

voi ce cal ' 'session 1's estab evi ce ransmts through
its WAN cepmirdnigatidng asbsyalssy sdeavel he air fm 2 Mrihdpaseostalion PaAckiehe saheough one

or nore bﬁr%@tt%!@édd@ﬁ% ﬂe%%niz%rﬁﬁ@re%&%i ab A@’fnﬁﬂeﬁ@cel‘?%th@@hrﬁg QM 66 _the
stream of voi ce pack e¥s over comunications link 136 to the enterprise

net wor k 1Y%Ce Bpr&els Whdyarg ransraitied Qe W\ AGPES @%@few&w%tée 2y YLedt enay 138
converts themshicgams sQfﬁsy‘s!i@hﬁQa)&Cdﬁﬁél&Nttrﬂi Qa rarMRl Fhie eopahé bherdries mat , and

Cends ey L S B0 LA 13 BB BtRLE, Lo T

al so r ecetheesisting patbammadh wmmmq;sa@heh@ 136argl WANG 10n

[0043] The transmission detay of the WAN voice stream and the WLAN voice
stream will be such that typically there will be a differential in the delay between the two
sireams of voice data packets at the handoff synchronizer 134. As indicated in step 3186,
the two voice streams are compared to each other to determine the differential in the
dedays experienced over their respective communications paths. Such comparison is
carried out by comparator module 144 which in one example embodiment cross-
correlates the two streams of voice data packets to determine the difference in delays

between the two streams.

{0044] As indicated in step 318, the calcuiated delay is then used as a hasis for
synchronizing the two voice streams prior to completing the handoff. In the ilfustrated
embodiment, synchronization is carried out by the timing adjustment module 146 in
response to information received from comparator module 144, Although not necessarily
always the case, when handing off from WAN 110 to WLAN 112, the transmission delay
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t he opposite direction fromthe termnal end point 128. [0041) The handoff
procedure starts when the nobile device 10 noves into the coverage area of
WLAN 112. As indicated in step 312, when the nobile device 10 nobves within
the coverage are of WLAN 112, a trigger access point 116 of WLAN 112 and

t he WLAN conmmuni cati ons subsystem 124 will begin to exchange information
such that the entry of the nobile device 10 into the coverage area is

det ect ed. whiny9dsy b@ﬁ%r@n ’E?Wﬂ?\l%%ﬂwtthaﬁ e VIDAN bgthd@lvdn%eexgrrqp?es configured to

recogni ze when a voice call 'is 1n progress and device enters W.AN
112 cover SF€cdmeat "“Qrﬂﬂ'“%%ﬁ’i%%mﬁx# adjupty *ﬁ?éﬂ“ff@d% “ﬁ@‘%qﬁ‘ﬁ@eda‘fﬂéﬁ@lséféaf@éinl over

VAN 110 i &idéslaRafh s RaRiRsHg thbidh Wﬂﬂq)rdf@hiwéltﬂe%elaﬂ@s Ketwden | P
gateway 132, and_as m@ycat ed I'n s B'ﬂf%;‘}f ﬁ’ r‘q)ﬂl e(ygew g?clo and AP
interface ”fl"é”cea?ﬁaamfb PP 58 052 HapiHraga Yy 610 19 g K& s such that
a copy ofimtrigeadisineent slokeiando midpsiabe gingiot thetvercaidagl steach gesing 128 i s sent
by I P gat t 2 I nterface and ov A t,0,,t AN

comuni ca?n %@%Es@&uﬁﬁf ?re(rf%'ﬁ? ﬁgtay g%\‘f“egi ?\%Awnﬁét%gng&fagvoécepar al | el
pat h frontethelenseeprties enretapdatke (b¥d. to the nobile phone device 10 through

WLAN 112 is set up in addition to the existing path through conmunications
link 136 HP4SWAN 1‘I03ne[8(39f2£‘2]e ETPROdiTBYIH B OFfisy PrEECIUpshel Bftarh ahiirerdata,

synchroni z8&e a:aéanﬂ @&@lrétﬁése\hh@g NN |n:%9/mmu¢a§ baRs FQFYElsaMnlad a stream of
Voi ce pacget S | nating fromterm oint. 128 which are sent

t hrough ¢ F‘étr?é sPoTHIOes 3y J"mé?ﬂeéﬁfﬁ’m% 146 Trofder 12 RwiRi*Eat i ons
link 136, me@mearazlom&te data l@i2ceasitbatrhiits tepaste Mird @bt irde VAR sucronyRiiseat | ons

subsyst em, 124, Quelo (e aLhe Lo AN DRSE stk A8 HAQcflonthiorggne time

t he handotr f 'synchroni zer Vi a Pt err da3ne stream
of voi cethsdiokeq edjwiingnt rapdule f 3hisam the edilityyo NeANUatceasketpohmyind d@ceover t he

ai 1 L0 VU AN, (ORTHEIRAIQNS SURRYSIRRIAAR: | B BANEEm VR8T a paral Lol path

fromthe enterprise network t he nobi hone devi ce 10 t hrough W.AN

112 is se?meﬁd'mﬁméd@ﬁtcp@ﬁa&a@f ”ﬂ‘}‘i‘é‘ee%4§{‘?ﬂ4f@fsﬁ‘é\% qu YR slsramiraudati ons | i nk
136 and WAMNirkiHQ-ad|u@RA nﬂﬂ@ieﬁﬁ@@i&ﬂh@ﬁﬂe@@mﬂ%rﬂ%h@ﬁ sie'ﬂeaﬁméfﬂhggelﬁy ream and

Ejlhfef \é\rlér[\]lt \P/gﬁarce?uﬁaifwt ! am \%qletﬁéfm\éi ?%thé) dta%tcgepptegbahty %at wﬁ H not z\a%ect quahty of
service, the comparator module 144 causes swiich module 140 to switch from the
existing network connection {the connection to WAN network in the presently described
example) to the network connection that is taking over (the connection to WLAN network
in the presently described example), thus completing the handoff (step 320). Once the
connection is switched to WLAN communications subsystem 126, the path between
mobile device WAN communications subsystem 124 through WAN 110 and
communications link 136 to VoIP gateway 138 is terminated by WAN communications
subsystem 124 and/er VolP gateway 138, and the voice session is subsequently carried
on {hwough an RTP path estabiished between mobile device 10 and terminai end point
128 via WLAN 112, AP interface 118, handoff synchronizer 134, 1P gateway 132 and

communications Link 130.

[6046] It will be appreciated that streams of voice data packets are going both
from mobile device 10 to terminal end point 128, and also in the opposite direction from
terminal end point 128 to mobile device 10. in the example where the handoff

synchronizer is located at mobile device 10, il will be the voice data packets that are
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streans of voice data packets at the handoff synchronizer 134, As indicated
in step 316, the two voice streans are conpared to each other to determ ne
the differential in the delays experienced over their respective

comuni cations paths. Such conparison is carried out by conparator nodul e
144 which in one exanpl e enbodi nent cross- correlates the two streans of

voi ce data packets to determne the difference in delays between the two

streams. [Q004] bypeinitibic AL QL Idunal &M b3 L8mphR8. Rk pubedRdxdebrRy IS then used

as a basis for ‘synchronizing the two voice streans prior to conpleting the
handof f . $RPqdBeRt ardtsuEwPEen Bavassdhatdhn delay diferenrisZarpiensiemsarri ed out by

the tim ngavadihy %im&bmmﬂw el dnN MO ér@ﬁcﬂ:@nwmﬂ?_fﬁw%@ﬂﬁw ﬂaa niddaei ved from
conpar at or, m)du{w % Al tgge\%h not nececzgarl I ys t Lcase, when
handi ng of%"'¥r8 SPS 4% ARV TS HEDY § rf”&@? 5 COMNGy | |

t ypi cal | ytchiee giobitd ddvidenAtdvediviN ipateh 3t Bane tdies M[B@!N’I ;Datslmmddmmmeexarrpl e
enbodi manrtnbblF hcﬁavce%ngsﬂﬁ%hr%ﬁize n% H@ﬂ*‘e%se}n nmﬁ Bajﬂét%%ﬂf%fagtgﬂee & abI i shed

vVoi ce stream( am passi’n ®to renove

t he rel at yoee ﬁ@laayarbeng\e!dhe ntdbéevw@ewstrearrs Thus in the case of a
handof f from WAN 110 to WLAN 112, the timng adjustnment nodul e 146 adjusts
the tim ng98fl t he VBhedfergaeatodtiguant ooy extaﬁ}? [? \ARRPT ROCRHY® | t he

relative g oym bﬂmwem biveAMAND H8n aaﬁhd(Mhb&&&iét@qg@pe@iﬁqbaneS&@w@B reaches

an acceptable |ev 0045] In on g in order speed up
Ehe ot balll BPaRLe Wheare e LA G oL r BEORT PG GEAE ISHE or val s
such as pases therhabooff eiss@bbiendeaioe 10deinsict etk ra:vdragatareﬁofmmw enedhsby timng

adj ust manﬁwdl gH ||neslél'4§10 ar\/cﬁf’qgircaazlgﬂ %L&W{lg%\gﬂfe &a{%e 10rt§ﬁ’|g3r8 regsob\?e data,

voi ce stream dat a e rés
conver sat ihQNVla%héWétV}éfwteéﬂe byice caii WgSia@IjSthStainﬂledrt’@@ImOéﬂelderﬂ@ I engt hened.

Thus,  t h@,dshiis Rgoagh 1%5Wﬂﬁﬂtcomllc%tl§f%4sdﬂ§?stérﬂ §2@Ristrbi of 9015@550@% at e

packets carrying voice data to provid necessary tim ng} ust ments.
In at | ea¥fOUSBREE EXARIS ‘éaseé%%%‘iflﬁ?éﬂ% %16*{3}1%9 tBaperfateot! SnHRIuMBIchA2e noni t or s

t Ee t wo \éﬁréé_ﬁw @i‘%ﬁ:e%ﬁi&ﬂé@re&dbt@@ﬁhro@h} |plgastdv@yaa@m]§a @Brﬁhuﬂﬁd&ﬁr@ k46 during
t he synchr.gni n st 1t he gﬁ eentl
pr edet or m 1186 N BERERER bt A EB P ey Sve offel I ks ped Yl ETgRET 1y of
telephone or a VolP gateway that is connected to a non-VolP enabled telephone device.,
The WLAN communications subsystem 126 of mobile device 10 also receives a stream

of voice packets travelling in the opposite direction from the terminal end point 128.

[0048] The handoff procedure starts when movement of the mobile device 10 out
of the coverage area of WLAN 112 is detected. As indicated in step 412, when the
mobile device 10 maves close to the boundary of WLAN 112, cornmunication with a
trigger access paint 116 of WLAN 112 indicates that movement of the device out of the
coverage area of WLAN 112 in the near future is likely. As indicated in step 314, when
the potential exit form WLAN coverage area is detected, the mobile device 10 will cause
its WAN communications subsystem 124 to set up with WAN 110 and VoIF gateway
138 an alternate path for the stream of voice packets from terminal end point 128. Thus,
parallet paths are established between enterprise network 114 and the mobile device
10, one path including the existing path through WLAN 112, the other path including a
new path through WAN 110,
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service, the conparator nodule 144 causes switch nodule 140 to switch from
the existing network connection (the connection to WAN network in the
presently described exanple) to the network connection that is taking over
(the connection to WLAN network in the presently described exanple), thus
conpl eting the handoff (step 320). Once the connection is switched to W.AN
communi cati ons subsystem 126, the path between nobile device WAN

comuni caob4m)s SubsystaBmicdont dHAUG thMNNL A amCRamB veadnN 0Rge | | nk 136
to Vol P gat e\/\g%/i%138 is term nate 2l?f%cp\é\ﬂ\%\lgicom‘run| cations subsystem 124

and/ or Voi'Bagatibiaguci3aat ieply g ferepiplinsthe dplex gelsisershredyPri ed  on
t hrough asweRTR opadite @&t phdkesh@ thdinges Bymaveidir deyiaandifhtend stey misnal end

int 1 ia WAN 112, AP int 8, . handof.f ' 134, IP
Gat ovay 132 P e A S B oL S (ORABT e P e BUe b e at ed
that st Ir edtey's ekparencet d&fra1epaF$¢J@t$veac{omrgmiimago_tn@mng.fauo{ncombn%rlsen dae;/i ce 10I to
term na : e direction from termna
c%@‘geéi%l?%%ﬁ[?aera@pgmau@Q8%ﬂr,rﬁsrin<$ﬁ§8@8§6\}e

end poi nt _ evice 1 “the exanpl e where the handof f
synchroniggsoyi S | QeAh&E18d i RN k& dRVifR 1Y adidy Winkdn REqLDE HuoL¢s data
packets that "are -16 received by the nobile device 10 that wll he
conpar ed. $YPHafiZing ettwg yaice R BeRT £ PTA AH BT AIBTIRY, tha Rerdoluipste sriaBlenade t hat
t he del ayershddiredr e Sming adRisteers icRaNs! 46tddfisel thé BRinatof tHeasskmEhedi Me over

WAN 110 and aoyer WLAN 112 a romthe bil e, devi will be the sane as
the del aytseleemd ) tdipay B shedhaerneBRial W iR Teioni 1 o

devi ce. Aeclabvadaigl etween thbepic8iBearth dhue|ic thestase aha tieralvéto Wand 110 om t he
nobi | e deyj i i i i.m i : appl i ed
fo the vETESndR L, RETEIMPRYES RO P 30E: bTh% Sk BISTRG

r ef er encestitammageing frratigh VihaN  1aniéiamisiative tlelay helmgen thepVbleldreed 400 from

WAN 112 yoaMARL 140 whertdandehihes WRCREONZDIETevEAUI pped nobil e device 10
noves out of the coverage area of WLAN 112 will now be explained in greater

detai|l. [BosQr to ibbkelehandokiexatpe gmdidirecde heeonifhratsr inbaiicles4 he coverage
mob 1 o adiriererge 145 it bE LEEn Dupb Bl aflel e i S FRk BN Cal T
sessi on iwnewoaibdtios steg, embwhebibk alebig\ifteeert@l meets a predetermined threshold

of acceptability that will not affect quality of service, the comparator module 144 causes

switch module 140 to switch the phone interface 150 from the existing network

connection (the connection through WLAN comimunications subsystem 126 in the

presently described example) to the network connection that is taking over {the

connection through WAN communication subsystem 124 in the presently described

example), thus completing the handoff (step 420). Once the connection is switched

from WLAN communications subsystem 126 to WLAN communications subsystem 124,

the path between mobile device WLAN communications subsystem 126 through WLAN

112 is terminated by WLAN communications subsystem 126 and/or AP interface 118,

and the voice session is subsequently carried on through a path established between

mobile device 10 and terminal end point 128 via WAN 110, central office 122,

comimunications link 136, VolP gateway 138, |P gateway 132 and communications Link

130. As indicated above, streams of voice data packets are going both from mobile

device 10 to terminal end point 128, and also in the opposite direction from terminal end

point 128 to mobile device 10. In at least one example embodiment, an assumption is
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transmts through its WLAN communi cati ons subsystem 126 a stream of voice
packets through one or nore base access points 116 to the AP interface
118, fromwhich the stream of voice packets are routed through |F gateway
132 and conmmunications link 130 to VolP term nal end point 128, which may
anong ot her things be a VolP enabled telephone or a VolP gateway that is
connected to a non-Vol P enabl ed tel ephone device. The W.AN comruni cati ons

subsyst emni26traf thﬁ@bia@@iafﬂ%o@eun%mls&@aﬂh@@z@balﬁ@ A s{a@(ﬁmm@ﬁvé«%ﬂm}ﬁ packets
n the end nt 128.

travellin rection fromthe rm nal
Loaag] i et BARELE R 18 Mgt Thbtend B Tt SmE B BYaeer ce 10
out of tmeagosemagen@raar 64 Mddk tteamsadeheat ihd mohtle dadee at ed in step

412 uhen\LgndPhl LEo SR AEvI0: TRUESSLOREL B DONIALY BV AN 112

comuni cat ger access es that
movenent @fsyndheonizedi uﬁengdm sa@me titnimg aciw@mgseawe@tcothempwqaazn beinghe near

future isglikel M th@ﬁwobf@&é}?&e‘g@. in?ﬂ%%ﬁ%‘g@é%escwﬂ@@ab&J&ethQ%%@ts'tr@Jamex' t form

WLAN coverage area IS detected, t | e device will cause its WAN
comuni catiFHshelipgy & bmhapdottis adigsted fo winaye aNeElive aplay-VosP gat enay 138

an al t er nateenddia Bxeﬁrﬁﬂsfateh@oalh{ea&rth@fsmv@c@aotﬂ%i@@ts&eérhgmap%r@dmaedead poi nt
128. Thus are en rise network 114

|l el h bl i she
and the nBBi ity e(t,t'aﬁp artfﬁ’svoéq?@t%g%ﬁn?%@? ﬁ‘gFﬁ@é %hgﬁe{’?%?‘}l’cﬁ&mﬁﬁfﬁ“ t hr ough
WAN 112, bQ ot heIr tP@Ellﬂ (') r%l u?aﬁrée Igﬁth f&n*&h? R P 17 10049]
e P be

The trans i on dela 0 0| ce s rea Qof fe  stream
will be s@@ﬂqwahéﬁz bgtmeeameﬁﬁ artacalli$ abdthg \@ilfP ﬁ@t@wi 3B may didvebalel ay

bet ween tRg, &Pat 18 ér@t@ﬂﬁis&ﬁet%!koﬁ 49Rf BrRAGKSI It RS slhaRdabimaynchr oni zer
134. As indicated in ste e two vol ce streans are conpared to each

ot her to !Qed'ef Al e at e e&&m’@@é}ﬁf"f"éﬂ‘ Hh vithdhe treingypeivaitiret meddied 4Bver their

respect i vigsisDbaed aathe oibiPaesis 1Guch conparison is carried out by
conpar at or nodul e 144, as indicated above. [0050] As indicated in step 418,

t he cal culoadbdd del laynesextihple eogedingest,andddis iegcfromic dsgjmhnmiehiamghéthe t wo
t I odi nent
;/glec'?l rsn L@%ﬁa%b@f@ ctoﬂm(ﬁﬁrq% Sﬂaé\gcaﬁhust girﬁg%ft east J&ic%r&%]{n%ﬁw% i&h at’? '

ust nment e ti est abl i shed

voi ce st riasAiblE #isq ¢t C@B@mﬁ’ﬁllcéfmr\tqfﬁ@a@'t"reéam EUzE Gl QWW*V\EAM%Q@) to
renove t hf) have the capability to communicate with other computer systems on the Internet. In

various embodiments, mobile electronic devices 10 may include, by way of non 1imit§ng

example, muitiple-mode communication devices configured for both data and voice

communication, mobile telephones, and PDAs enabled for wireless phone

communications. In the presently described embodiment, the mobile electronic device

10 is configured o operate within the wireless WAN 110 and WLAN 112.

[0054] An example of a mobile electronic device 10 with which at feast some
embodiments of the invention may be used is shown in Figure 7. As indicated above,
the device 10 includes wireless WAN communication subsystern 124 for two-way
communications with wirefess WAN 110 and a WLAN communication subsystem 126
for two way communications with WLAN 112. Communications subsystems 124 and
126 include RF transceivers and may also include signal processor such as DSPs for
example. The device 10 includes a microprocessor 38 that controls the overall operation

of the device. The microprocessor 38 interacts with communications subsystems 124
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rel ative del ay between the voice streans, Thus, in the case of a handoff to
WAN 110 from W.AN 112, the tim ng adjustnent nodul e 146 adjusts the timng
of the voice data stream passing through WLAN 112 until the relative del ay
bet ween the WAN 110 and W.AN 112 voice data steans reaches an acceptable
| evel . [0051] In at |east sone exanpl e enbodi nents, the conparator nodul e
144 nonitors the two voi ce data streans output by tim ng adjustnment nodul e

146 dgri ngndma.ﬁjyamhh Ei@mgzsamrantﬁérej@mca@dbsy@emstslaeh éelr@)&@id‘y;?ﬂ[ f4uhi a: _ rreetfs
a pre et erm ne resno (0] accC t t hat n ect ualtyo
e e SR, B BB s e NS TRAB et Mo gl B0 TS0 el Teh T he
phone i nt 28 {vadah rﬂaéﬁmtinmmmbewhm|fnzge>¢metnm)rstenammtr(ﬁb(whm:h nidyhecle@ect i on

t hr ough V\%A@toﬁe ne%&m%ﬂq(é JORE be§é’rt9|%}(; Eé@%gt%ﬁe S;Je%k%(r"s% R E% Eé’ a%%sa(ﬁk' bed

exanpl e) nec ing ov connection

t hr ough MWWW@%IWWB@}‘E@@MW #ndd.he pr esently descri bed

exarrpl e), thus corr&l eting the handoff (step 420). Once the connection is
A

swit ched [00F3im W p%’é?ﬁﬁﬁi’s@‘ﬁt MW@%%@%Y%U&%M%@ W RAIREYPEASBGL | ons
subsyst enpylipé ,m.c;bb@c@s'sbhsmﬁe\/\awe Rbinbe dittdtenlsidte€ pranputsisaht K68

subsystem 126 thro term nate WLAN. commupnj cati ons
SUbeyet onbEBas H Bmes £ st storads SeRay Saod e GO AL
subsequenmblyd@awdeednmloﬂdmpmbnsa:rpraxdhwg&stahﬁlrézsmedk betlwmeten, a nobi | e devi ce
10 and te t 1

commni ool Pamin R Gah'a it dheleblof o HlagRoblEort e

conmuni ca@mﬁ@ilomtmntuden!wonmppmumf@dsé@é@w@ne §P@it§aﬁ® ¥ foygabbingitea packet s

are goi ngm@&?efhévfc@mor{@hlnlcﬁ‘on éis%’hw%@:!el&woﬁw@ Ar%ﬂa BRkr 1%!?1%5 R Plork28, and al so
in the opp05|te direction fromtermnal end point to rmblle devi ce 10.

In at | eadtP ’ﬁﬂ@”é@%’ﬁ?ﬁéhee?ﬂfi'%iﬂit%??ﬂf”c‘éﬂ‘i‘sé%ﬁ‘ﬁﬁme@ﬂnq rhongghterase 'Hat t he
del ay g| fér&i’lﬁwré@rﬂﬁLAdlnfhnmiWeS{fel’mﬂBfrf] tsyr&meinkgengscar@; ptm;ws(aﬂfeowtermvmer V\ANt )
110 and o a rom e e ,sane as e
e Ut Nk A A R SRR e e e
devi ce. Aparbefdihogd gpplicaticst @por4dd, bet heepeodic epsitcrbant b &anysefivensm tt ed from
e oo S Elof%e ey haudyBENN AN ARAN BEhd e ppaBREL! TbAGoal R Tent o

applied t tream bei n recei ve evice 10. In the
exanpl e d@dies vesesdnteiksedor thﬁ@o%r@@p@ppWB such as {ext fields, input fields, etc.

Those skilled in the art will appreciate that the operating system 54, specific device
applications- 58, or parts thereof, may be tempaorarily loaded into a volatite store such as

RAM 26. Received communication signals may also be stored to RAM 26.

[0056] The microprocessor 38, in addition (o its operating system functions,
enables execution of sofiware applications 58 {(which can inciude software applications
60 and 62) on the device. A predetermined set of applications 58 which control basic
device operations, including at least data and voice communication applications for
example, will normally be installed on the device 10 during manufacture. Further
applications may also be loaded onto the device 10 through the network 110, an
auxiliary /O subsystem 28, serial port 30, communications subsystem 124, 126 or any
other suitable subsystem 42, and installed by a user in the RAM 26 or a non-volatile

store for execution by the microprocessor 38.
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established prior to the handoff is adjusted to renove the relative del ay.
In sone alternative exanple enbodinents the timng of both voice streans
may be adjusted, or the timng of just the new voice stream may be

adj usted to achieve synchroni zation. [0052] In the enbodi nent of Figure 5,
a swtching function for switching the P Gateway 132 between the AP
Interface 118 and the Vol P Gateway 138 may al so be included at the
enterpris@UﬁHtmorkTmﬂMKweﬂesBWBdenbowhmemuﬁtmimesamhpmhamﬁﬂwanyahmd | ocat ed
at the atyt chodul e 146
bei ng | ocatbggnxgﬁ% #D%HP%R%M K]O%gf%t'ow ggg%&h%ﬂﬁ{gé}g%ﬁgﬁ&%ﬂ odi nent ,
mobi | e el Mmﬁﬁfﬁ@h@é*ﬁ@@@sbﬂtoo%ﬁ @f!ﬁamumnawnhpmamwnmwm e somamaii cat i on
devi ces LﬂeEBMMQGm@EWkﬁQ§Em¥@H%9u%QﬂHH@%@ﬁéMﬂﬂt%ﬂﬂo possi bl e al so data
communi cation capabilities. In an exanpl e embodi nent, the devices 10 have
the capability to communicate with other conputer systens on the Internet.
In various enbodi nents, nobile electronic devices 10 may include, by way
of non limting exanple, mnultiple-nmde comuni cation devices configured
for both data and voice comunication, nobile tel ephones, and PDAs enabl ed
for wirel ess phone communications. In the presently described enbodi nment,
the nobile electronic device 10 is configured to operate wthin the

wirel ess WAN 110 and WLAN 112. [0054] An exanple of a nobile electronic
device 10 with which at |east sone enbodinents of the invention may be
used is shown in Figure 7. As indicated above, the device 10 includes

w rel ess WAN conmmuni cati on subsystem 124 for two-way comunications with
wirel ess WAN 110 and a WLAN conmuni cati on subsystem 126 for two way
conmmuni cations with WLAN 112. Conmuni cati ons subsystens 124 and 126
include RF transceivers and nmay al so i nclude signal processor such as DSPs
for exanple. The device 10 includes a m croprocessor 38 that controls the
overall operation of the device. The m croprocessor 38 interacts with
comuni cati ons subsystens 124 -19 and 126 and also interacts with further
devi ce subsystens such as the display 22, flash nenory 24, random access
menory (RAM 26, auxiliary input/output (1/0O subsystens 28 (which may

i ncl ude a thunb-wheel, for exanple), serial port 30 (which may include a
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USB port, for exanple), keyboard or keypad 32, speaker 34, m crophone 36,
and any other device subsystens generally designated as 42. [0055]
Qperating system software 54 and various software applications 58 used by
the m croprocessor 38 are, in one exanple enbodi nent, stored in a
persistent store such as flash nenory 24 or simlar storage el enent.
Software applications 58 may include a w de range of applications,

i ncl udi ng an address book application, a nessaging application, a cal endar
appl i ¥ERdAS GAIMED &5inot epad appl i cation. One application included among
applications 58 is tel ephone application 60 for enabl.i r}%@t he rmﬂjI | e device
10 to flunct Agnethedfonkariding pif GRdN-pApYIEES 681 & @ CATRRNICAtRES stysiqm that

appl i cat el ¢ ; . _ . .

Pt er  BeinPlagS vfthes M RER HeRlork I ANF AP hichiss RIMTRS nendrRIAIAN),

pr esenhaging mb kedsé pdetiallg everldpping eoverapea Beead, aInpbite devise having@pVétent i ng

t he handoff synchronjzer 134 nmay be.a rt_of. i 1.0 or may
be a s@%@%r&gf‘gi‘?ﬁﬁi%‘b?)ﬂﬁm&?fe WW&%P&S Vgﬁgwa@gﬂﬁﬁk%g@%yéﬁdﬁ% ude

| ayout Wind1QicBBirh @Rl catRfrisiupgydtaem P agem@itin@ivireRistivoideadath iveindsie WhANpe user
interface for the software application 58, such tgs text fields, i

_caf e I nput
fi el dswhergn privhisseandafi 2 samimunieatiogsmallh PewassyiBgimekile ¢rice Aed 65@?‘&6@ ng
syste , j £ LGE: i ' , rdrpi hBNERN, (HBNamff
t erpor K9 FE sk Es RS CRinTBRN RGN B YARIAE HEWERN: (20
comuningghodoosipgrias may al so be stored to RAM 26. [0056] The
m croprocessor 38, in addition to its operating systemfunctions, enables
execut i on ektalibhingreeseophivoidd pats HeBrésinttehmohite dadibe deddbé remote location

applicatiops, 60 and 62) o e g vice. A predeterm ned set of applications
58 \Ahi”é’ﬁ’“@ﬁﬁ'ﬁ“?Bﬁ‘eéé’é’?@%t%@{%@a& EP%WIU% ' including at |east data and

voi ce conmuni cation _applications for, exanple, wll normal] e install ed
on the devil@@smitingin ﬂ@%‘rﬁdf%ﬁ%?@ﬁeﬁﬁﬁ%@e daia oveLhedhst %@S%ﬁo&& \pice

| oade .0 the device 10 through the network 110, an auxiliary 1/0
subsystem’'28, serial port 30, communications subsystem 124, 126 or any

other suit SRY drfisaild B8 dBeaid'stloitd dhtaeafRihePhave a
non-vol at i %lie)'g?asc'?ore fStSr ei%%%fﬁgcn rﬁ@ ﬁde ‘mcroprocessor 38. -20 8_%057] The
above-desdrarsedttedtivdige thesfist anth eeporsbevice apiils lodtateimiae @ diierenteallelay
in transmission times between the first and second paths;
synchronizing the parallel streams of voice data based on the determined differential

delay and then terminating the first voice path; and

synchronising the parallel streams comprising increasing or decreasing a duration of the
voice data transmitted over the first path by adding time to or cutting time from,

respectively, quiet intervals in the voice data.

2. The method of claim 1 wherein comparing the streams of voice data continues
during synchronizing of the parallel streams and synchronizing the paralle! streams
comprises adjusting the timing of at least one of the streams of voice data until the

differential defay reaches a predetermined threshold.
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to be exanples only. Alterations, nodifications and variations may be
effected to the particular enbodinents by those skilled in the art w thout
departing fromthe scope of the application, which is defined by the

cl ai rs appended hereto. -21 WHAT IS CLAIMED 1S: 1. A method for handi ng off
an in-progress call in a conmmunications systemthat conprises a wreless
w de area network (WAN) and a wireless |ocal area network (W.AN) havi ng at

| east partially overl appi ng coverage areas, a nobile device having a WAN
conmu#i cat iTbasNethpd ps aayPNE ! SladmaNgiorgwieTedn adermiippbendiapiat i GANER@dRN

and a, BN GRATKN G 1403 rSBRYRESIA Und A o hetd fhRaRn e nikf! a

with £he . Wherein prior a communi cati1 ons path between the
nobi | goideatie trenchodile dovite anddbateromnalcemer paipsexchaings tvoisi dada plarobgh fheough

f the. WAN and WAN, handof f hod i si_ng: . shi
cecondrIapsE B AMAPGERM S HEBR ERdaPH DR PUr e PR o
thr OugBideitﬁdugftﬁ@ﬁwogn@ defict kel tamainaineh i etdhamgaivoldengath thidagakhe!

streanms of i1dentical voice data over the first and second voice paths;
char aseepnd veick patihand thepeoromupsiaians Hakt he streans of voice data after
they have been transmtted through the first and second voice paths to
determne a differential delay in transm ssion tines between the first and
second pat hs; synchroni zing the parallel streans of voice data based on the
det er #i. ned Thd mettent ofatiaindd vehereindhe lsomnagrioativasi lindg aomeprisessn Konefwopat h;

and synchr.oni sing the rallel strea onpri sl [ j I C sl ng
T R e e e A G T e e

time \iPcofbatibRIoimaEe from respectively, quiet intervals in the voice
data. 2. The nethod of claim 1l wherein conparing the streans of voice data

continues during synchronizing of the parallel streans and synchroni zi ng
the parallel streans conprises adjusting the timng of at |east one of the

f}]r eaﬁ gf ik frRtR 8 d8ih B drkeimd ihergntiatorphaNg brashashranpiredabgs m ned
reshol d.
are performed at the remote location, the streams of voice data originating at the mobile

device.

6. The method of claim 3 or claim 4 wherein the comparing and synchronizing steps
are performed at the mobile device, the streams of voice data being transmitted over the

first and second path from the remote location.

7. The method of any one of claims 1 to 6 wherein the WAN comprises a cellular
network compatible with at least one of GSM (Giobal System for Mobile Communication),
GPRS (General Packet Radio System), iDEN (integrated Digital Enhanced Network),
EDGE (Enhanced Data rates for GSM Evolution) and UMTS (Universal Mobile

Telecommunications Systems).

8. The method of any one of claims 1 to 7 wherein the WLAN is compatible with IEEE
802.11.
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-22 3. The nethod of any one of clains 1 to 2 wherein a termnal end point
is connected by a comunications link to the renote |ocation, wherein
prior to the termnation of the first voice path the nobile device and the
term nal end point exchange voice data through the first voice path and
the communications link , and subsequent to termnation of the first voice
path the nobile device and the term nal end poi nt exchange voi ce data

t hrough the second voice path and the conmunications link. 4. The nethod
of claim 3 wherein the conmunications link conprises an I[P network, the
voi ce data exchanged between the renote | qcation and the term nal endpoint
bei ng% n a At@ephenshenabied xabdeplgctranic 4RECeEPMBESBE claim 3 or claim 4
wherein the conparing and synchroni zing steps are perfornmed at the renote
| ocati on, BHErgesey Qfﬁa\ft@it\&@fdeY%NbW@ﬂﬂﬁwaﬁ@nétSUBﬁl@fﬂ‘ﬁﬁpf axchisginge. 6.

;’ngggbi&%ddagéﬁgg?&;n@égiegggﬁ%ghnpgbﬁ?m% m,\])pe conparing and synchroni zi ng

are a e device,” the streans of voice data being

transmtte I.rst C i 7.
The et hod 2o Red 4P aleufilk GPEANBoRAbiLulcBhe Shar/ Eahiot 868080 /L o
net worisiceaimanithl ewirklchs &dcdl esst nemerio{WGBM)( A obal System for Mbile
Comruni cation), GPRS (Ceneral Packet Radio Systen), iDEN (integrated

Di gi tal Enhaipeedleflet work), EDGE (Enhanced Data rates for GSM Evol uti on)
and UMIS (Universal Mobile Tel econmunications Systens). 8. The method of
any one of yGhidphohet 0 7 wherein the WAN is conpatible with IEEE 802. 11.
-23 9. A tel ephone enabl ed nobile el ectronic device conprising: a wreless

wi de area BEIHMRn{HARY fEOBBYRINGAdAtaMons URSHIIrEPRdIY afX EHARGIRYthe Oi Ce data
with a wireless wde are networKk (WAN); a wireless |ocal area network

(WLANmictamhane data inte digitBsyaice dateoandies iegriving digiel veica seta far the speakes) ess
ocal a"ﬁﬁec%n(]&tti\?@rthe (J%Wéice data into data for output by the speaker; and

a handoff synchronizer connected to the phone interface, the WAN communications
subsystem and the WLAN communications subsystem for synchronizing a handoff of an in-
progress voice call between the mobile device and a terminal end point, characterised by

the handoff synchronizer including:

(i) comparator means for comparing streams of voice data received
simuitaneously by the WAN communications subsystem and the WLAN
cormmunications subsystem and determining a transmission delay differential

between the streams of voice data; and

(if) timing adjustment means responsive to the comparator means for
adjusting the timing of at least one of the streams of voice data based on the

determined delay differential,

wherein the timing adjustment means is configured for adjusting the timing of
the at least one of the streams of voice data by increasing or decreasing a duration
thereof by adding time to or cutting time from, respectively, quiet intervals in the

voice data.
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a speaker; a m crophone; a phone interface for receiving data fromthe

m cr ophone and converting the mcrophone data into digital voice data and
for receiving digital voice data for the speaker and converting the
digital voice data into data for output by the speaker; and a handof f
synchroni zer connected to the phone interface, the WAN comruni cati ons
subsystem and t he WLAN conmuni cati ons subsystem for synchroni zing a handof f

of an in- progress voice call between the | e HeV|ce and a ter a n

p0|nt100haracte?h%ééw§90fﬁﬁﬁﬂﬁﬁﬂﬁ%ﬁﬁn§V£h§63§%§ﬁﬂﬂiQQﬁQMﬂoﬁﬁan?f“’ ﬁparator

”Eansnfe%fns‘%8wgébﬁ}%cﬁhgwgh&ie RbeE IR R JRCSItME IVARIdBMrhanieaishy by the
omruni cati ohs subsyst

WAN c m and the WLAN comuni cati ons subsystem and
det er gubsysgera drdaths WisANamomielaigatiid sebsystaralandisenneeting the phonedaerigeevoi ce

dat a; and st nment ans
for . tiffstthibobnEl PRy SP R ERRT BRSNS B ol
basedsgﬁsy@ﬂ&n Rhetommesbrisd g tiehih§ edprtinaht. wherein the timing adj ust nent
means is configured for adjusting the timng of the at |east one of the

streans of voice data by increasing or decreasing a duration thereof by
adding time to or cutting tinme from respectively, quiet intervals in the

voi ceqqata. -24rl0.Jihe éi'@c\!d gkviek af H?a%n\ywcﬁa:ﬂq 1hevrendahé imimehr oni zer

corrprl ses switch neans I sconnecting the phone interface from one of
t he V\BNJL[SCIIB‘I]WI’IB&D!B trfer aéj&lbﬁ&@tf@rﬁlram afted legshrne eitmsieaams of §9‘l§§3¢§f%m and

Cunsy chble ST aeSr e Tune et Pag HEGLo ARF aBlay rafonttly PTG o7

ti m nghradhoigt rrent. 11. The nobile electronic device of claim9 or claim10
wherein the timng adjustnent nmeans is for adjusting the timng of at

| east one of the streans of voice data wuntil the conparator neans

determ nes that the differential delay reaches a predeterm ned

12.  The method of any one of claims 9 to 11 wherein the WAN communications
subsystem is configured to communicate with a cellular network compatible with at least
one of GSM (Global System for Mobile Communication), GPRS (General Packet Radio
System), iDEN (integrated Digital Enhanced Network), EDGE (Enhanced Data rates for

GSM Evolution) and UMTS (Universal Mobile Telecommunications Systems).

13.  The method of any one of claims 9 to 12 wherein the WLAN communications

subsystem is configured to communicate with an IEEE 802.11 compatible WLAN.

14. A synchronizing handoff system for handing off in-progress voice call

between a wireless wide area network (WAN) and a wireless local area network (WLAN),

the system inciuding:

a WLAN access point interface for exchanging data with wireless access points in

the WLAN 112;

a first gateway for exchanging data with the WAN through a communications link;
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threshold. 12. The nethod of any one of clains 9 to 11 wherein the WAN
communi cations subsystemis configured to comrunicate with a cellul ar
network conpatible with at | east one of GSM (d obal System for Mbile
Comuni cation), GPRS (General Packet Radio Systen), iDEN (integrated

Di gi tal Enhanced Network), EDGE (Enhanced Data rates for GSM Evol ution)
and UMIS (Uni versal Mobile Tel ecommuni cations Systens). 13. The net hod of

any one of clains 9 to 12 wherein the WLAN comuni cati qns subsystemis
Conf i gur edaEECeRbFAIAERTE RKETRnaNg daie WHipa G TiBRERd el QSRR TUThST A

Sy”ChE&'}H-hﬂd?&at RGRkfagystem for handing off in-progress voice call
betweén a W rel ess wide area network (WAN) and a wireless |ocal area

net wor k ( I LG i Lt of
exchangi no dRNoRFRSHPERL EAMAdE 1R Sl JERETS. I REod S iR et
gat ewayd tlox fiest ghtevgiyigr datcnronizingtaneavieff ofraroingprogressicd ealt inowsich ank;

-25 a second gateway for .exchangi ng data wi.th a.termnal _en ol nt. over a
{urt EPTTRBSRIRNS AR Foogt PN eg e (e AABP PIeCAAsE B JarrrEBRER! BInEo t he
secondhgalcdid HytBe 2MaREET sPRtHbnizBE Richmey: and the first gateway for
synchroni zi ng a handoff of an in-progress voice call in which a

communi cat i ons Radinb RS AbbhSIL LoRRiapem Srémict SoReviateiianting hebiw nal
end point, characterised by the handoff “synchroni zer including:

conpar at or deeign sedatvect bviprgh e AP dntedane andvosteaang gf woice daia fﬂ@gﬁﬁ(ﬁzﬁ)?%b“e
devi i Vi . p ) i f
the mobi | 6 0oYEErEEI RO M (e it FGRRT AL ReTHRARR Bandlebortiidy oM

transm ssi diffed@itay bethddrethenticamsetwaendatae st reans of voice data; (ii)
ti mng adjustnment nmeans responsive to the conparator neans for adjusting

the timng of atiiliensy agnetraénitrheass repopsiot ty the eorptatdanednofort he
determ ned delay differential; and (iii) swtch_neans di corgﬁéacti ng the

[ f
second gat @Wtuﬁg Hig hnbasf atgasipne of th(—).‘ streams of voice datao [)ase on
determined delay differential; and

(i} switch means for disconnecting the second gateway from one of the AP
interface and the first gateway and connecting the second gateway to the other one

of the AP interface and the first gateway upon completion of the timing adjustment,

wherein the timing adjustment means is configured for adjusting the timing of
the at {east one of the streams of voice data by increasing or decreasing a duration
thereof by adding time to or cutting time from, respectively, quiet intervals in the

voice data.

15. The system of claim 14 wherein the timing adjustment means is for adjusting
the timing of at least one of the streams of voice data until the comparator means

determines that the differential delay reaches a predetermined threshold.
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interface and the first gateway and connecting the second gateway to the
other one of the AP interface and the first gateway upon conpletion of the
timng adjustnment, wherein the timng adjustnment nmeans is configured for
adjusting the timng of the at |east one of the streans of voice data by

i ncreasing or decreasing a duration thereof by adding time to or cutting
time from respectively, quiet intervals in the voice data. 15. The system

of cla.m 14 wh in the tim.n dj, ust. t I.S,.f ' ' .

i m ndPor a1 obGe SeHETH FHEN L FEERRNSR oBRER e ek Ak B8 ngtS or
Means gn (@ e Rethe ftrionti RRutal Eéiﬁ?tdoaﬁgtd%ljéwr saachehgveliPefidenat voioedata
threshold. -26 16. The system of claim 14 wherein the second communi cations
| i nk w8hphe teainglendmakelt wor k, the second gat eway being configured for
exchangi ng Vol P format voice data wth the terminal end point. 17. The
system of claim 14 wherein the first gateway is a Vol P gateway configured
for converting PSTN fornmat voice data received over the first

conmmuffcat i ons The sistem ofatigint ¢4 mdiereioitie fitghgatewayris a VolP gateway

configured for converting PSTN format voice data received over the first communications

link to VoiIP format voice data.
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