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identifier (URI) and an IP address associated with the client.

[0004] The registration function allows the SIP network to locate clients. For example,
when an client launches a messaging application, the client sends a register message to
the registrar. The register message includes the URI for the client, the IP address of the
client, and a registration timer. The registrar stores the binding between the URI and the
IP address for the duration of the registration timer. Typically, a registration is valid for
a predetermined period of time, e.g., 3600 seconds. In order to guarantee that the client

is reachable, the client re-registers prior to the expiration of the registration timer.
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signaling protocol, such as SIP, for creating,

nodi fying, and term nating sessions. The WCD may

include a registration nodule that adaptively adjusts
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experi enced by the WCD. VWeemmweimwer k quality is poor

for exanpl e, the WD reduces the length of the

Etl{ %én.e&ﬁ] t él: Hngélo og }]se(?t%’fré{(a'tg %cﬁﬁl h&ef& ﬁgﬂ?ﬁqg% lre?ﬂswaﬁon for

a @gﬂeiﬁss asmmuAieddn dNeticw (W(H]ll)adpetemngmy a V\afej/esaﬁetalork. The
W t hin.the

ction of the lo t|on
HARSMHEPBreRUte b@tb} @5\91& SURNQE'S greditiption according to a
Qgﬁé’l@\%%rétegol\/@h%@mp%r"@édﬁn b BFERL, %Xeﬁﬁﬁﬁ&%seﬁﬂ%s The

may be exposéd to di fere physi cal or
BAVID moryneeitidd a cagtiiatioo nmdubrthzttlaﬂ'&lﬁrvem adpesttsvoregistration timer
ﬁ raffic chan es in

aeﬂee»awefar(?if Aty R atrn BRIV ED: SMBHRATR datids poor. for

AENPIE, thOW @D hQfuc@&dve 1 tlﬁéfgﬁ%ﬁsﬁ@ﬁ@& ikt Sid Comi®@Yicates the
undern1ne the ability to reliably receive

mddmﬁrletlgtarﬁggwttatwmt@meéé@ n@iwgriaﬁcsnpm@dm@h ap émmfmr

h :
PG, NEolERY bl 5 b i Fuclied RS g v P il e

wagiesd fi@ivoakn As the W@beﬁbmttlw distmu@béttveen ﬁheCWgD&dﬁdLetwork
the nunber of stale registrations for out-of- coverage

verRmemayechapgr adi thel WCRamay bepsrosed iediSpispt Risigal or
51?\9%055{63&1'1 cﬁﬁcﬂﬁr orvﬂltfg t\;zgr fﬁc QYEIEEE Which may result n

permt tlngt e networ C ear ereglstratlon nor e
ctmngksl ¥ ricoldrk\yualfry c Rwéluc&g&gnabﬁrengihnﬁﬁﬁﬁa%ﬂ flagtingt dvevther adverse

of call for rdln ot her, r ur ces .devot ed
flsniitchﬁréctﬁaai%waa{t ﬁlgme% Fh%agﬂ%t@& &f@ﬁ %E’eﬁorfﬁle%h YEfCRiyF @nd/or
ghdsnGi @Hglekg él%ﬁa%satR&ﬂcéH nétRSAULRES, Mhi HdtatdBatVhE SV EBSs at risk
net wor k WCD retains network coverage, it can

aﬁbmmgmnwwggpswm@@aon despite the shortened

Lsfration t b endi n e-registration
@Y Fidy b W B G DB B ottty i
88N thunibBLo it A6 kQSifaBio Ry Y bEESH-VWRRIBWICDS can be reduced.
conprising determ ning network quality for a wrel ess

bopartielerathicshowngi eegiftiaton tistss matl |eﬁ1gr%m0@ qui¢kdy, psgmitting the
H&%vmﬁ{ tlé Cil%{lj ?haetar%%{r’%é%tfoqgﬂgre\@%!k%fo? Wil %oevlgg e fi‘c?]ség V%\/'gﬁ%(e%lgently,

blasaﬁd)uﬁﬂoﬂ dafl fostandink afdathict Bésmlit@&ﬁﬂe]voieﬂ t@ Bl@leheglstratlons can be
enbodj nent, the disclosure provides a devjc
Hprd BeTY ttinerearasiicien; afi l%a;lomﬁ R UKCRRY s HiTlsss network

RO D qutah h¥wodt c@ve}‘ﬂgre, h B3P mG AT pég‘f&ta'tlQH, d%gﬁ'tectﬁe shortened

registration timer, by sending a re-registration request to renew the registration.

[0008] In one embodiment, the disclosure provides a method comprising determining
network quality for a wireless communication device (WCD) operating on a wireless
network, and adjusting a registration timer associated with registration of the WCD on
the wireless network based on the network quality.

[0009] In another embodiment, the disclosure provides a device comprising a network
quality module that determines network quality for a wireless communication device

(WCD) within the wireless network, and a registration module that adjusts a registration
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BRIEF DESCRIPTION OF DRAWINGS

[0013] FIG. 1 is a block diagram illustrating a wireless network supporting SIP-based
telephony services.

[0014] FIG. 2 is a block diagram illustrating SIP infrastructure for management of
communication with a WCD.

[0015] FIG. 3 is a diagram illustrating an exemplary call flow for registering a WCD in
accordance with SIP.

[0016] FIG. 4 is a block diagram illustrating an exemplary WCD equipped to manage
registration of a WCD in accordance with an embodiment of this disclosure.

[0017] FIG. 5 is a flow diagram illustrating management of registration in accordance

with an embodiment of this disclosure.



wi th an enbodi nent of this disclosure.[0018] FIG 6 is

a flow diagramillustrati ng nanagenent of registration
wa@googhssem in FIG 5 in nore detail. DETAILED PCT/US2007/083959
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registration timer specified by the registering device. Hence, even though a WCD may
be out of coverage, its association with a registrar server continues to be active until the
registration timer expires. A registration for an out-of-coverage WCD may be referred
to as a “stale” registration. Stale registrations are invalid and may result in inefficient
consumption of network resources, such as attempted call forwarding to devices that are
no longer accessible due to loss of coverage.

[0022] In general, the disclosure is directed to techniques for managing registration of a
wireless communication devices (WCD) operating in a wireless network. The
techniques may be executed in a mobile WCD that supports registration according to a

signaling protocol, such as SIP, for creating, modifying, and terminating sessions. The
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signaling protocol, such as SIP, for creating,

nodi fying, and term nating segsions. TheWCD may

include a registration nodule that adaptively adjusts

a registration tinmer based on network quality
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from base station 14 to other base stations. Hence, the access network by which WCD

12 access SIP network 16 and IP network 18 may change, resulting in a change in the
location and IP address of the WCD. When coverage changes, WCD 12 may need to re-
register via a new access network to ensure maintenance of existing sessions or
initiation of new sessions. At the same time, a previous registration may remain active
for WCD 12, resulting in a stale registration.

[0026] FIG. 2 is a block diagram illustrating SIP network 16 for management of

communication with a WCD 12 as shown in FIG. 1. SIP network 16 is embedded in or
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sessions or initiation of new sessions. At the sane

time, a previous registrationgmay remain active for

WCD 12, resulting in a stale registration. [0026] FIG
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gaming, and other packet-based telephony applications.

[0029] WCD 12 may communicate via access network 22A according to any of a
variety of wireless radio access technologies (RATs) such as GSM, CDMA, CDMA
2000, WCDMA, CDMA 1xEV-DO, or the like. Alternatively, or additionally, WCD 12
may be equipped to communicate according to a wireless local area network (WLAN)
protocol such as any of the protocols defined by the various IEEE 801.11x standards.
Access network 22A may include a wireless base station that exchanges wireless signals

with WCD 12 and provides a connection to other network clients or servers via a global
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[0029] WCD 12 may communi cate via access network 22A
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assigned to an end user with the network or IP address of the client device used by the
end user. This association is referred to as a binding and is stored in a location server
30. A URI may take a form similar to an email address, including a username and a host
name. When a call is initiated, the caller only knows the URI and does not know the IP
address of the device used by the other party. To initiate a call with another party, the
binding containing the URI assigned to the called party is retrieved from location server
30 and the associated network address is used to send SIP messages to the network

address to set up the session.
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I RO R N e
i‘Bst ud@dinitdtact with an instant messaging application executing on
telecommunication device 20 to call another user named “Melvin” who is logged into
WCD 12. Again, telecommunication device 20 may be another WCD or any of a
variety of wired or wireless communication devices, such as desktop computers, laptop
computers, fixed telephones, or the like. WCD 12 registers with the network by sending
a REGISTER request to registrar 28. Likewise, telecommunication device 20 registers
with the network by sending a REGISTER request to either registrar 28 or another

registrar.
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[0040] In order to find WCD 12 (Melvin), proxy server 26B may consult a domain
name service (DNS) (not shown) to find the SIP server (proxy server 26A) that serves
Melvin’s domain, i.e., mpls.com. Proxy server 26A may then receive SIP messages
from proxy server 16B, and consults location server 30 to obtain the current IP address
of WCD 12, i.¢., the location of Melvin. The IP address can then be used to route the
request to WCD 12 and enables telecommunication device 20 and WCD 12 to directly

connect to each other. Consequently, a media flow can be established between
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sbi@ fo repR@al 2 to clear the pertinent registration information in location server 30.
Thus, if a call is placed to a user not registered with the network, the network can return
a message to the caller indicating that the user cannot be found.

[0044] A user is not limited to registering from a single device. For example, a user
may register with a network from a SIP phone at a home and a WiFi handset while away
from home. Similarly, more than one user can be registered on a single device. For
case of illustration, however, this disclosure describes the registration function with
respect to a single user and device, without limitation as to the use of multiple
registrations for a particular user among several devices.

[0045] WCD 12 experiences changes in network quality as it travels within a wireless

network. For example, WCD 12 may move within a given coverage region, and
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WCD 12 is able to maintains a registration by re-registering more frequently, provided

the WCD remains in coverage. When WCD 12 drops out of coverage, however, the

registration timer expires more quickly, permitting the resulting stale registration to be

cleared by SIP network 16.

[0049] FIG. 3 is a diagram illustrating an exchange of SIP messages for registering

WCD 12 in accordance with SIP. Generally, the registration process creates bindings in

location server 30 for a particular domain and associates a URI with a contact address,

such as an IP address. A single URI may be associated with multiple contact addresses



network coverage. In accordance with this disclosure,
WCD 12 nonitors network quality, e.g., by neasuring
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[0053] A client, WCD 12 in FIG. 3, can suggest an expiration interval for a binding
through an Expires header field or an “expires” Contact header parameter. The latter
allows expiration intervals to be suggested on a per-binding basis, when more than one
binding is give in a single REGISTER request. The former suggests an expiration
interval for all Contact header field values that do not contain the “expires” parameter.
Hence, the registration timer may be set in different ways. If neither mechanism for
expressing a suggested expiration time is present in a REGISTER message, the server

may set the registration timer to a default value.
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may be referred to as a re-registration request, with a shortened registration timer. As
shown in FIG. 3, for example, WCD 12 sends another REGISTER request 37 to

registrar 28 and set the registration timer to a shortened value of 1800 seconds.
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categorizations or qualities of network coverage. For example, network quality may be
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categorized as “poor,” “good,” or “excellent,” which correspond to different ranges of
network quality, such as different ranges of received signal strength

[0062] When network quality is determined to be “poor,” WCD 12 adjusts the
registration timer to a shorter time such that registration expires more quickly. At the
same time, the shortened registration time forces WCD 12 to re-register more frequently

than when network quality if good or excellent. On the contrary, when network quality
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pk by sompcogmbodiinerts, adBistng theargigiratian tinpey also may take in account

the time remaining in a current registration. If network quality has degraded, for
example, but the current registration timer only has a few minutes remaining, it may be
desirable to adjust the registration timer at a time just prior to expiration of the current
timer, e.g., less than five seconds from expiration. The timing of the re-registration
request may depend on whether the network quality level has degraded or improved.
When network quality is “good” and WCD 12 moves into an area of “poor” network
coverage, the WCD may be configured to wait to re-register with the adjusted

registration timer until the current registration nears expiration. When network quality
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components. Rather, functionality associated with one or more units may be integrated
within common or separate hardware and/or software components. Thus, the disclosure
should not be limited to the exemplary embodiment of WCD 12.

[0070] As previously described, WCD 12 may be any portable communication device
configured to communicate over a wireless packet based communication network, such
as a mobile wireless radiotelephone. In some embodiments, WCD 12 may be a so-

called SIP phone, a soft phone, a personal digital assistant (PDA), or a WiFi handset or

IP phone. Memory 72 stores computer-readable instructions that can be executed by a
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registration module 68. In some embodiments, network quality module 66 may reside
within or process signals provided by TX/RX unit 64 in order to determine network
quality. For example, network quality module 66 may determine network quality based
on RSSI signals obtained within or from TX/RX unit 64. In other embodiments,
network quality module 66 may monitor other network quality parameters, either at the
physical layer, medium access control (MAC) layer, or the application layer of the stack

executed by processor 70, in order to determine network quality.
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coverage is more likely. Likewise, in some embodiments, registration module 68 may
increase the length of registration timer 74 when network quality is improved.

[0078] As mentioned previously, registration module 68 may adjust registration timer
74 to one of several discrete levels based on a comparison of network quality to
different threshold values, ¢.g., indicative of poor, good and excellent coverage.
Alternatively, registration module 68 may adjust registration timer 74 to a level
proportional to network quality, i.e., as a mathematical function of the network quality.
Again, the mathematical function may be defined by a mathematical formula or a

lookup table correlating different registration timer values with different network

quality levels.



[0074] Network quality nodul e 66 determ nes network
quality for WCD 12 within the wrel ess access network
wagnspsi2@ 2) and provides an indication of neP@DDE2007/083959
quality to registration nodule 68. In sone
enbodi nents, network quality ppdul e 66 may reside
Wi thin or process signals provided by TXRX unit 64 in
order to deternmine network quality. For exanple,
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i s .abaqut XPJ rocessor 70 r i eve
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prodesaoic @smay ej_;c,w‘rdqns:[ﬁmtlpﬁﬂ @at@y to dtlmrﬁuﬁhtlpn@pr,owded by WCD 12.
trat [ | d .

GBI TR SR SRR RU8 5058 VB

F8pdRRg it fdcaitvin@rh d&%?ﬁ%maﬂﬁo@ﬂﬁm&és@@r 10igdgim e Weikration process.

uality is significant graded In this manner,
Ch@gms To suiidly wedter VER léaml dictysark ldgiegtstratioromodule 70 generates

a REGISTER message including the user’s URI, IP address of WCD 12, and the
expiration interval specified by registration timer 74. Specifically, registration module
70 retrieves the value stored in registration timer 74, and uses this value as the
expiration interval in the REGISTER message. Registration module 68 outputs the
REGISTER message to processor 70, which drives TX/RX unit 64 to transmit the
message to registrar 28 in accordance with SIP. The initial value of registration timer 74
may be a default value, or be determined each time a SIP registration is initiated based

on analysis of network quality by network quality module 66.



timer 74 and direct processor 70 to transmt a
re-registration request to shorten the I ength of the

wo e@s®ss2e2 i on for WCD 12 when network qual ity PCHUS2DEE83959
that | oss of coverage is nore likely. Likew se, in
some enbodi nents, registrati o nodul e 68 may i ncrease
the length of registration tinmer 74 when network
quality is inproved. [0078] As nentioned previously,
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qual i1ty nodul e 66 and updates registration tiner

&d;somed thah3¥E13 I anfiot pawered iup endthabNoegplesitiopys mamclibﬁ In this
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qual ity changes significantly 0081%”1 | stration

mroefosk g@litpindicagpe frgmyedteork QWL'D’U@O 6 g0dadjueis Fagestration
fifher 74 based on the network quality level. In this example, network quality is good,

and registration module 68 adjusts the initial registration timer 74 to 1800 seconds, i.c.,
30 minutes. Registration module 68 formulates a SIP REGISTER message for
processor 70. Processor 70 then drives TX/RX unit 64 to send the SIP REGISTER
message with a registration timer, i.¢., expiration interval, of 1800 seconds.

[0086] After a registration has become active, network quality module 66 continues to
monitor network quality, which is communicated to registration module 68. If
registration module 68 detects a transition in network quality from good to poor,

registration module 68 adjusts the registration timer downward to 900 seconds, i.¢., 15



registration timer 74 when WCD 12 is not connected to
I P network 14. During this tinme, registration nodul e

W@ o0as820et wor kK qual ity nodul e 66 may be i nact PUBEUS2007/083959
processor 70 may execute instructions related to other
functions provided by WD 12.51Regi strati on nodul e 68
and network quality nodule 66 may activate, for
exanple, in response to receiving a control signa
MR P LA ESRAtesrcb8gisRatidhec§ R ol hAckQBr PO RE@SImit via TX/RX
[0082] To initially reglster WCD 12 on | P network 14,
pig b4t Waich aegistdion enorplafendatent es transRiE@ BTEROAROS g lent,
BT PSSP A P B o Plag AP bR . e
hourer 74. Specifically, registration nodule 70
retrieves the value stored in registration tinmer 74, )
HW87Li$his profiess May peced emacantinupyt bask Whitedhe sagistitipn s active.

: . ' i | .
RECl BB 880y SRS 1 B Oy FRRMEn B BbR) B variery or
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network qual ity by network quality nodul e 66.[
Régi terregibtoationdudrexpidativenyis ahmnege nargenerah réylifrates sagests
to,cl.ear ,registration information for WCD. 12,
Kb RGP Ao Rl g bty BRaRlld Pt ipmactog stte
FRisttiOM whild AsPMBEQEEnd EbrsGHPARSES BaAIHRRE bY k%ﬁa@ng registration
control signal from processor 70. Processor 70 nay

trdhestat e this control signal in response to receiving
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y* ‘node er a pe i 'nac on

tvéxti @h \ehibg dinfeat 60l dibclsdugahs sHod iatR1a1 5, Btwork duslitd Bnodule 66
may out put the S|P nessage to processor 70 to

) ) drive )
JotEmyinematwek qualityt (7ah i $Brngs 1% ectactpdyi7athaged grpthg getermined
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t he . trol si | f 70. [0Q084] Not apl vy,
hciF g M s PIRC R LS oL Weer Wi gework, aht the
FoReh ASH [s8crR¥atbE wheR HRTBEkRHidn i RxpRedY Sinmply

| 0ading a software revision or upgrade to WCD 12. In
{988} NCD 3 sentBith¢ wgakrahar thyaese waihl the adjpsteditdgistiogon timer (81)

' I t Kk lit dul. 6 _and
kTG BTGB 00 Baothiy B R ar A afY S SutiGp g pmee e
Bx 668 HF&KaMot iR ghdration] PR COR Pro@cBSENR EHntinuous or
side, such as software running on network servers

ppedig basty sashaitie webstanestimpsadanisite ebanggs in network quality,
georﬂﬁt?ﬂg e ﬂrﬁlpactt &esta{lg geig%gaﬁBﬁsotg be reduced within SIP network 16. For
example, network quality module 66 may periodically monitor network quality at
intervals substantially shorter than the registration timer. A new registration request
may be transmitted when the network quality changes by a predetermined amount.
[0090] FIG. 6 is a flow diagram illustrating an exemplary registration technique as
shown in FIG. 5 in more detail. The registration technique may be executed within
WCD 12. In operation, WCD 12 initially registers with a SIP network 16 (FIG. 2). For
example, this initial registration may occur when WCD 12 is powered on from being in

a standby or sleep mode or when dropping into coverage from being out of coverage. In



techni ques described in this disclosure provide a cost
effective solution for reducing the nunber of stale
WO 2@B®e58202 i ons in a wWirel ess conmuni cati on sysPERUSRNTIER3959
SIP or an equival ent protocol as a signaling protocol.
[0085] As an illustration of 4she adaptive registration
operation of WCD 12, it is assuned that WCD 12 is
first powered up and that Vol P application is
11 QRO aHe infithl b EYiSiraid8 ProREIGESIS schink SH4BSH %nf@rmatlon along
Ftglstratlon timer 74 fromregistration nodule 68 for
lasgistration tirhes tp mr@glararr &he eagrsanation tlm@qm@s e S¢trto a default
e str 68. 1
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el i }éﬂfgg F%thgig Feckitell %a/ﬁlggﬂéigﬁﬁpm : deberfine r%@\ﬁork quality (76).

m nut es ration no ornul ates a
REGhS&EEmﬂes&agakmmannm@d&&hnmﬁﬁnafmm056$mmRBSIpmmmemr<As

rives T |t 64 to send the SIP REQ STER ne
B eFmple, X@%@g IHRCET PRy CXpregs netwgrk; quakify gy tgrs @?égﬁlbels ora
gnﬂ 8008 GANAS -HdWRRR L P%anﬁte@@ﬂl‘ayc‘ bE 8td1aP PARate network

cone active, networK quality nodule 66 continues to
quadity. oN etm@trlwqmdhtyq ol ibe yetewhineth pesodi catiyu ot exaaple,metwork quality

r eqi t ation dule 68. If i stration nodul e, 68
o b o RetE o iore b bR +RomIREnEhaS Rest 2t

RR@Vals bEGprbXinfatcd DG 8n &8, Uphoxihfclyeds sédoadd,on

timer dommward to 900 seconds, i.e., 15m nutes, and

gemexiataedy & 5r8@6¢1@94 @tm@r\ra@wgrp@tqm@gm aprpxipredes seqonglg
L@g& a4 égav&% ilnlec G reglsﬁlrarl]tlo 1161 dulv%g uses%ge 5 to 1{19({1 {k quality

ranS| I on ron1 poor O exce

toedpitset b 3ighfivanishihge ﬁ&lemxusﬁlshﬁyr(eg)" efgiraerﬂplb Qfégistrﬁllﬁfn module
gmard to 3600 secaonds, | one hour. [0087] This
Bt B sempprp the %@téran%neéweé?ﬂuah%@sa Eejoys pRfvyosk gpuadity or to a

@ﬁegde?érﬁﬁﬁéd‘%ﬂ osfFol A6 &%@nm&?l D QBAL RERBL ﬂgssé(lﬁyﬁra(%eg (76). 1f

anges to t e reg ration tiner nay be
H@thoﬂt yuabity hasl degradedi s@mﬁdaﬂlﬂ}o r@st&uom nﬂﬁulecﬁﬂ@huttens registration

i.nte oJimt th requency of cha

tlﬁ%i%@lﬁ bPéL?JQ?F‘ﬁ’i lfan@h ﬁfgﬁg%e BT CONAEES %t%ldﬁgra%l?‘itt y
fb%?stﬁﬂ@rpﬂl%gul%'@rﬂefécfeﬁrbtdhﬁn J‘Yt%trfeliﬁéﬂk%o"vé}agé Eé‘s%fproved In this
toggl i ng of changes, and various limtations that can

bescj eposattbninedule K maegnantlaat the nuitr¢nreegigrapion ditnen 04 iiis some

PP e8P e TSt iy B2 I PARER Sydlshde embodimen
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noder ati ng consunption of bandw dth by repeating

flesgiibeds aalwsle sp‘@@gél@,q gggistration timer to appropriate pre-determined values.
Upon adjusting registration timer 74, WCD 12 sends a re-registration request (80).

Registration module 68 and processor 70 may follow the steps generally illustrated in
FIG. 3 to register WCD 12.

[0093] If registration module 68 does not detect a change in network coverage (no
branch of step 78), registration module 68 may determine if registration timer 74 is
about to expire (82). If registration timer 74 is about to expire, ¢.g., is less than five
seconds from expiration, registration module 68 generates a registration request to re-
register WCD 12 on the network (90). If registration timer 74 is not about to expire,

registration module 70 determines if the registration should be ended (84).



[0088] FIG 5 is a flowdiagramillustrating

managenent of registration in accordance with an
wenipsdsszent of this disclosure. As shown in FIET/BS2007/083959

network quality nodul e 66 determ nes network quality

(75). If a change is detectedhy77), based on the

determ ned network quality, registration nodule 68

adjusts the registration tiner (79), and prepares a
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exerTPI ary registration technique as shown in FIG 5 in
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cegpatch@tmarbd inpdemdmedtopetteisinraarintediaeedriegic sitviat boseparately as
imer may be set to.a defaulf. value, such_as .
é‘ﬁﬁFW“ﬁﬁF@PQel‘aWétl%& deeBodt %%@?fﬁ%%t?‘f IOV e techniques
j s .
B R Y Sy S
ARgiraen caty enwigog wistrhctidne thaetwinimkexeaigtdypekfogusadrictgr more of the

nodul.e .66 . i.tors. wreless signals recejved,.by TX RX .
RiMPa S EOTE Sy MRS et EHE e R ey SSprise
AnaomRl a8ccsh BRIk XIEMM)ishb’h P nBRodelsalyihMedaRASH dc@3s ABmory
RSSI g/grarreter. an _exanple, the RSSI paraneter nma

, fead-womenelyi (RPN h nparviektiys ragéerngesess mgmogy (%VRAM),
S 505k SRSy B KPR T loors.
mayndie depatdidaadtqaid medigandyhe fas. exanpl e, network
[Chl'(l)%%]l Il"?{e program code may be executed by one or more processors, such as one or
more digital signal processors (DSPs), general purpose microprocessors, an application
specific integrated circuits (ASICs), field programmable logic arrays (FPGAS), or other
equivalent integrated or discrete logic circuitry. Accordingly, the term “processor,” as
used herein may refer to any of the foregoing structure or any other structure suitable for

implementation of the techniques described herein.



nodul e 66 may nonitor one or nore network quality
paraneters, such as RSSI, at intervals of
wappsosE2omt el y | ess than one second, approxi meRE&l/yYSWoB083959
seconds, approximately 3-5 seconds, or intervals
greater than approximately 5 speconds. [0092] As shown
in FIG 6, registration nodule 68 uses the determ ned
network quality to detect a significant change in
g}b@EPVK riI A ToMirk el havEVec S USWRb&. FR @k Fl@t fcBihigRAYbEe
npare the determ ned network quali to a
mgeswrm \M@@lmrqonqnmlwrpn dr:wp@ OPCTPHiRG met‘@rrﬁ\em@cket based
e S e A N A R
&djggtinki acepisirdtion’ t@BérBas &t d)IDﬁletWBﬂdJécﬁfeﬁ@e sk eiat ¢RSduration of a valid
registration tinmer 74 (77). On the other hand, if the
FrEESHBHRN Boberegehca netHerk caugraris Neat thap yihen naivosk coverage is
chJ lﬁ éﬁ&lﬂ%‘%ﬁ?ﬁ%ﬁ@aﬁot?ﬁﬁ&g@asecﬁ Bl’*? tl{%e[{e‘f%ég c%gé/r %@9&1“?1 1%&’1?06 the
nprov S caSe, registration may
nahbdraif mthgxsttamc&rstwlrikegjrs‘tidﬁtgianrefﬁdwr&msééf bandsadre. Further, the
adi nent s, en the reglstratlon timer 64
te?n%lqﬁ%s %%fﬁé%teéﬁe e pYRches s dgiiitions Tepjads) ingt registrar. The
t%%ﬁ’ﬂl%[@&' HAde 8O de@&%ela%@ 'tl{bgcoﬁﬁe% §f Sl@trbggtrétioﬁeﬁut%afw applicable
as previously described, include sett
toegh@trpasurztmntapphcratltoos,apdr opddnadie ngne sedetre(DN S’)erdglstratlon
| ues .ust n ration
Bt SR ofBe Pofdimihisrin illyThe fopggy oo diieafimn -
nDduIe 68 and processor 70 may follow the steps
generally illustrated in FIG 3 to register WCD 12.
[0093] If registration nodule 68 does not detect a
change in network coverage (no branch of step 78),
registration nodule 68 may determne if registration
timer 74 is about to expire (82). If registration
timer 74 is about to expire, e.g., is less than five
seconds fromexpiration, registration nodule 68
generates a registration request tor e register WD
12 on the network (90). If registration tiner 74 is
not about to expire, registration nodule 70 determ nes
if the registration should be ended (84).[0094]
Regi stration may be ended for a nunber of reasons. For
exanple, registration may end if the user | ogs off of
the network such as during a power down event, the
user shuts down an application and associ ated nedi a
flow, or if registration information changes such as
when the user noves to a new service provider in the
network. In this manner, registration nodule 68
determnes if any event has occurred that requires
clearing registration information fromthe registrar.
[0095] If no such event occurs, WCD 12 continues to
nmonitor network quality (76) and



| oops through the steps of the flow chart illustrated
in FIG 5. However, if WCD 12 | ogs off of the network
wW@eroopes$202 ns any ot her such event, registrati oPCTOMIDB083959
68 conmuni cates with the registrar to clear the
registration (86) and the progess ends. A registration
may be cleared (86), e.g., by sending a
re-registration request with a tiner of zero seconds.
When cl earing registrationcipfifgfgrati on, registration
nodul e 68 may only clear a portion of the registration
informati on. As an exanple, only one device associ ated
Yﬁth ] Usgr, may gg cleared or one |IP address is
¢l eared for & 8P ?% devi ce, such as a work address

for adéta@mﬁmg I‘E&h’lldl’ﬁ qublery fonewadids Lssnmh emBatiss device (WCD)
regi stered. [0096] The technlques descri bed herein may
PRETRHRA ANENITEISS PEtHAPIREG e, software, firmware, or any
conbi A L

o congerfh A REE8on S LERMIEER TR NEH oF i WY fihe
wintkegs adtedrld bxjed:oml&mlmemrk geelpgr at eI y as discrete but

i nteroperable logic devices. If inplenented in
software, the techniques may be realized in part by a
8 ONPUTRE 8RR R8I BReirSHE Re AstraBio MR RIfinaa lWhreh Hdg
program code containing instructions that, whe
exetatiediimpeefporess one or nore of the met hods

descri bed above. In this case, the conputer readable
medi um may conpri se random access nenory (RAM such as

synchrpdpidtod \Wianis 17 ARSRM AFERIRS aFBEBHMioh A mprises
read-only nenory (FKI@, non-vol atil e random access

tf'eritﬁmlsrm(g VRN atios| reguast Gam| the B sbh actproslgdemeraibriemaintains the

nory (EEPROM), FLASH nenory, nmagnetic or
“%?%@g n% ng storage nedia, and the |ike. [0097] The
program code nay be executed by one or nore

processors, such as one or nore dl%lta| si gna
pr ocedBomst Wé@ﬁ%ﬂlm deapisin he Fee lﬁvé%lsftzfee@glé%s,a regjgtration

fi ly
R L A SRGEn skt TR o R A e afhing the
egistraabetier imttgnatvedck devich Issedde theaggistrationaimdrrigngth in the
According the term "processor," as used herein may
fFeststptien e&ﬁ?tof the foregoing structure or any other
structure suitable for inplenentation of the
t echni ques descri bed herein.[0098] Various enbodi nents
have bbhemcthed of claed 3, Fbercaxdatphening ectwirkygedity opmprises

Pty af el ROl LORRE Caer GGy B et o

fb%ls\ﬁ*aﬁkn GRVE LA adjufageRgisiBtort 8&BNd e el ﬁsﬁsmﬁlng the

usting a registration tinmer based on networKk
tagw@ﬂag@reﬁge&t n theencgivipidt quehtyothangasdlyi apredaisratinesk 4ragnt.
is shorter when network coverage is poor than when
networ k coverage is
6. The method of claim 1, wherein determining network quality comprises

measuring a parameter of a wireless signal received by the WCD, the parameter being
indicative of the network quality for the WCD, and wherein adjusting the registration

timer comprises adjusting the registration timer based on the measured parameter.

7. The method of claim 1, wherein the parameter is indicative of a received signal

strength of the received wireless signal.



good. Adjusting the registration tinmer based on the
networ k coverage can reduce the nunber of stale

WO e@B8959202 i ons whil e providing an efficient useCDS2007/083959
bandw dt h. Further, the techni ques al so reduce the
time which stale registrationgremain in a registrar
The techni ques have been described in the context of
SIP registration, but nmay be applicable to ot her
gegi sThatletdddPRlaifal WaRRin K& %%héjl‘é {rBtidPR e S®MYRscs:
(DNS) registration. These and ot Rer embodi ments are
wi t hi settilkgeths cegigragion tineer foh figwivalye eihah the CtweiStuality resides

rising: determning network quality for a

nﬁLﬂﬁaﬁg9nl W nﬁcatlon device (WD) operating on a
Wi r el essndvt eiktiatidndinddd1s bdcdgd Rale §ihsh ket icdRorki i@lity resides
associated with registration of the WCD on the
Withiy esesonbtaee-k based on the network quality. 2. The
met hod of claim11, wherein the registration is
term nated when the registration tinmer expires. 3. The
fret hodhemetlodioficlhjmiheheicn thdjadisibtinigtha regigrasibn sitried fomprises:

tinmer.co ris s trapsmtting a re ion r
f rom {ngEca ﬂﬂiwgzst@g@ e?wilﬁ ﬁ%w‘a?rﬁsq Gy s above a
ﬂﬁ&%§kggﬁdon tlner 4. The nethod of claim3, wherein

the registration request conprises a registration
ti mer déceenying, thaledgthhnd tled regmtiptiet iimgr wheret)e stivatrk quality is below

i mer c rises adjusting the registration tiner in
ﬁﬁgﬁﬁSFﬁﬂfk devi ce based on the registration tinmer
length in the registration request. 5. The net hod of

claim3, wherein determ ning network quality conprises

p&r i o@h@meﬂg@dmﬁ alairarli whetebt advesting tizd iegiptration imer cpapgises

g&’ bSS[ ntfle e§13¥ra151 {1}11% il hda erterl?c% be?\gleesﬁtar @rev uslt Idgt%{t{nned getwork
jUS i ng registration timer conpfis ransmi

ity exed §tﬁradﬂtl§)rdefeemﬁ%aﬁleWtﬁﬁ qtulﬂ&y Retasas K tigeshbld. y
changes by a predeterm ned anmount. 6. The net hod of
claim1, wherein determning network quality conprises

asuni Ng;A RaLaMRLer of a wireless signal received by

the paranBter being indicative of the network
q ual i & yiethork tigdity\Giodulanbatwiotermings achmosh quedity foer a wireless

istration ti 0 ] ses ad usti ng .t he
? mypication, queﬁcﬁbgﬁ[am& ¢ eﬁ%%&i dd 2pdr aneter. 7.

The npthodra@bn SlARALM Hat a%ﬁfs%' Roish&iRAERGELSIcidt&d with registration
i ndi cative of a received sig %

of the WCD on the wireless network based on the network quality.

12. The device of claim 1, wherein the registration is terminated when the

registration timer expires.

13. The device of claim 11, wherein the registration module is configured to interact
with a transmitter to transmit a registration request from the WCD to a network device

that maintains the registration timer to adjust the registration timer.

14. The device of claim 13, , wherein the registration request comprises a
registration timer length, the registration timer being adjusted in the network device

based on the registration timer length in the registration request.



strength of the received wreless signal.8. The nethod

of claim1, wherein adjusting the registration tiner
W@opsees: setting the registration tinmer to BCT/USHNT/N083959

val ue when the network quality resides within a first

range; and setting the registyation tinmer to a second

val ue when the network quality resides within a second

range. 9. The nethod of claim1, wherein the adjusting

ihie regé géviad bt mi,‘&vh@féﬁ'ﬁpﬂie&‘rs%i'strdtﬁﬁrrﬁ&ﬁﬂlé"@erﬁ)d_ic%[lg!h’{bnitors

of the registration timer when the network quality is

abipvek gualiny atghishals suhstarteadlysheiterghamhidic regigjration imateand

R AL Bl R AR o

aell i thanged hiea pedeiniatd amotmtmer conpri ses adj usting
the registration tinmer if a difference between a
previously determ ned network quality and a currently
term ne - uah .

B ThEBADRINES, Bl (e B R By e pfmeterof
detieiass nigsalnetenadibyghaW D, tho pammatar db@gsndicative of the network
co i cat | devi ce ( within.the wrel ess
A Rb e Thea A Dy %negﬁglﬁs\é% st tém%lzﬁseia? faesgured
Egg&gkgation timer associated with registration of the

on the wirel ess network based on the network
quality. 12. The device of claim1, wherein the

i 8: ?iﬁg Eié_l_vgc?e é-fﬁ: gier@, gvgte%gn ﬁgggﬁgﬁn?_ errie ! Sctélgigé I{)ﬁagretcleirxrfg(li signal
§t%ﬂgﬂiéﬁhé %eﬁ@&jbuil%ld'@sigﬁaﬂf i gur ed t 0 interact with a
transmtter to transmt a regl strati on request from

the WCD to a network device that maintains the

gis Lon. td ner 1.0 Just the registration tinmer. ..
169" TRl | B o R AR RS &y b Pfspgion
tiggtesd fisovaid #asn themeoidk lqailitg Medidoye¥itHi® B Gk raridagand sets the
regi stration timer being adjusted in the network .
treletonERsHtognseeprd yaug whehthe setyarkapalits resides ivithia second
&ﬁggstration request.15. The device of claim 13,
rein the registration nodule periodically nonitors

network quality at intervals substantially shorter

an e.registration tinmer, and interac with th
1fans kit fence Ctliﬂahlslm“tthef%fhﬁéaglgtf%ﬂm%f egala@gfemﬁ@}gth of the
tRRABLNBREr FHE IHe e FNARYBRLDYs AoRE URLSIIN, NAH dRFTRANRS the

length of the registration timer when the network quality is below the threshold.

20. The device of claim 11, wherein the registration module adjusts the registration
timer if a difference between a previously determined network quality and a currently

determined network quality exceeds a threshold.

21. The device of claim 11, wherein the device is the WCD, the device further
comprising:
a wireless receiver that receives wireless signals via the wireless network; and

a wireless transmitter that transmit wireless signals via the wireless network.



16. The device of claim 11, wherein the registration
nodul e neasures a paraneter of a wireless signha
WO 2@8iose202 by t he WCD, the paraneter bei ng indi BEX/US®OT83959
the network quality for the WCD, and adjusts the
registration tinmer based on tdg neasured paraneter
17. The device of claim 16, wherein the paraneter is
i ndi cative of a received signal strength of the
pecei KafaMidele8&dlSmofiah cohgxis-ilf@einﬁﬁ}é'ti@ﬁs fcagidedd Proddssor to:
wherein the registration nodul e sets the registration
t i mer deternzing petsvorky aualidy (dh@nvirdiesssemmpimkcagiomdeige (WCD)
! eesréltgeso V\éil \t)vﬂie{%ssaneft\i)vr&t' aIrldange’ and sets the
?%glé#%é}lon PHET P04 Second val ue when the network
qual i adfustastgesativinttihdt agsceeeandith aspitratid® of the eV dEMICic
of claim1ll, wherein the registration nodul e increases
yiclkepyrgiwerk based pr etk diaitymer when the net work
quality is above a threshold, and decreases the |l ength
of the registration tinmer when the network quality is
bl owThéimathinesdudhlble nRdiunT bécldew D2.eviafreialtiad regikiration is
mhere&gythe Le?istration nodul e adj usts the
feaginetadayhegrihe fossirafion 4mar ¢¥icénce bet ween a
previously determ ned network quality and a currently
determ ned network quality exceeds a threshold. 21.
The déb¢ mecluhe-cdadilne bicdivmhef dam 2hdudkar compirisinghestin@ipns to
the device further conprising; a wreless receiver
tHat "edLRIVEE t\’/mc?r&’foié‘g%&?faﬁtg?? AR SR A igquest from the
RECIS K netdidilk devibd BheSSintaiNESTdi@iatibiéel.r ansm t
wireless signals via the wireless network.22. A
machi ne-r eadabl e medi um conprising instructions to
S8USEerg, ragl?lgéc'-%e%rda‘%lg 'rne%?tn? B%lg%tw errgin ealiel }s%atfioonr reauest
Wi'rel ess comunication device ) Opéra |n§ on a
YOS & rélaEtvudiol tindon tengel, UAd th negbrktdedict adjukts RS registration
associated with registration of the WCD on the , ,
meeingbe nﬁéiowesiwuffg@é@d ohtheregipattingrtimegdength i tho segistrggion
ﬂgﬁ&hne-readable medi um of claim 22, wherein the
registration is term nated when the registration tiner
expires. 24. The machi ne-readabl e nedi um of cl ai m 22,

rther conpri si I nstructions cause the praocessar
28 cofths BRCnG Feane Frsh T of Ehaneh fpurt ChreggiPEs PR Rions to
ERGM %_tprf)é'e@mrtt@ ﬁery&\ﬁ%atll Roli®k Wotkorid §YdI§at iatvals substantially
mai ntains the registration timer.
shorter than the registration timer, and control a transmitter to transmit the registration

request when the network quality changes by a predetermined amount.

27. The machine-readable medium of claim 22, further comprising instructions to
cause the processor to measure a parameter of a wireless signal received by the WCD,
the parameter being indicative of the network quality for the WCD, and adjust the

registration timer based on the measured parameter.

28. The machine-readable medium of claim 22, wherein the parameter is indicative

of a received signal strength of the received wireless signal.



25. The machi ne-readabl e nedi um of cl ai m 24, wherein
the registration request conprises a registration

wa evesd2engt h, and the network device adj usts PEEUS2007/083959
registration timer in the network device based on the
registration timer length in 4de registration request.
26. The machi ne-readabl e nedi um of cl aim 24, further
conprising instructions to cause the processor to
per i oghe AabNinERRIIEBIE IR bKcIaMRADD trtRér doRfp@ikih@liSstructions to
substantially shorter than the registration tiner, and
eanse thylprecessaarieni tter to transmit the registration
request .when. t he network qual it h es by, a .. . s
or ader Bt uliTh4s AN R Rt furtiv iy wihin
ofirgraige) ahd, further conprising instructions to cause
the processor to neasure a paraneter of a wreless )
si gnafet thecepissatigtimerdonsecondialuysayhapghe pethyorqguality resides
iﬁﬁﬂf%§&>ﬁaﬁ%»éhe network quality for the WCD, and
adj ust the reérstration ti mer based on the neasured
paraneter. 28. The machi ne-readabl e nmedi um of clai m

, rein the paranmeter is indi ive of a received
?fg nﬁ]ﬁgfr&a gefeadrole predivap af ¢lam {%ﬁ?fléﬂ%%rscogwgﬁ%}%mctwns to
dhge mchbagsdr-eadabl e nedi um of claim 22, further
conprising 1nstructions to cause the processor to: set
t he regiess atangth dfithercgtsoaorf fimst wher the netvennk haity is above a

et k ality resides within a first range; and set
ﬁﬁ%mp@gwgfration timer to a second val ue when the

net V\Pﬂé‘cr@lidéi kHet I¥ndt® oF ﬂl%?reg/ifsthmoﬁ_tﬁne? 8aRAdhd ANE8rk ﬁﬁlityTiB Bclow
machi ne-readabl e nmedi um of cl aim 22, further

therihicbloildhg i nstructions to cause the processor to:
increase a length of the registration tinmer when the
network quality is above a threshold; and decrease the

Bengt MThematkige-F@dusit haddivem of ¢lakh 2farhér@nipeikig ikstructions to
quality is below the threshqld. 31. The )
e h thsapeestpare adipedhe rpetstratiomiimeny a diffprepgerbetween a previously

CERAD & R b NG, APk nf PSR REBRRE AR Brecgds o
thrgpheMi ousl y determ ned network quality and a
currently determ ned network quality exceeds a

t hreshol d.
32. A wireless communication device (WCD) comprising:

means for receiving wireless signals via a wireless network;

means for determining network quality for the WCD within the wireless
network; and

means for adjusting a registration timer associated with registration of the WCD

on the wireless network based on the network quality.

33.  The device of claim 32, wherein the registration is terminated when the

registration timer expires.

34.  The device of claim 32, wherein the means for adjusting a registration timer
comprises means for transmitting a registration request from the WCD to a network

device that maintains the registration timer.



32. A wireless comunication device (WD) conpri sing:
means for receiving wireless signals via a wireless
wWo2a08054202 means for determ ni ng network qual i t pCE/UR20011€83959
WCD within the wirel ess network; and nmeans for
adjusting a registration tinegyassociated with
registration of the WCD on the wirel ess netwrk based
on the network quality. 33. The device of claim 32,
whier erRe §Q8cd S ShT BE, WhRrdi® the @8Ik tRalo8 FeyMReboll}Rises a registration
registration tinmer expires. 34. The device of claim
ger lghgtheind vhacmdhametugy fopadjustingrigregisiratginstimert qopprises means
s R TR Ptk S RB T SO el e R o2 on tmer
reaphtiaimsrepReati®oicgtdsat i on timer.35. The device of
claim 34, wherein the registration request conprises a
registration timer |length, and wherein the nmeans for
j us r - r [ -
B Lot hE e A P el R SRR IRl ey
basgdses mehhefor giicdicaly roonitorimmg metvanrkighality at ingervals substantially
regi stration request. 36. The device of claim34,.
BB 140 bt s O G R L PR fﬁ@a YRS ACeyigptiqnyimer
B T e R R 0, kW ttnges by
peedétstmiacd amovntner, and neans for adjusting a
registration timer conprises transmtting the
regi stration request when the network quality changes
by a phedsti&s & dash IRMREein $hé-mcki§ fetentceRimhg ftROM @ality
wherein the neans for determning network quality
ewnpiscs ewanein s1charingeaudneigt @f Puirelasstsegnapfecaived by the WCD,
i rel ignal .receiyv by the e er .
B AR BTSRRI o DR BRETBH g
aRehsWoe hdustinghbe rpanatibotimadfdibprisdg niches foe gijabtint the Fegistration
timer conprises nmeans for adjusting the registration
timgebaspd e thegneasheed PeEdAted par ameter. 38. The devi ce
of claim32, wherein the paraneter is indicative of a
recei ved signal strength of the received wreless
38.gnalhe 3&iceldfecldenviX; evhofeirc thaiparaditenib ardadan v bfa roeeainsd signal
for a&#fu}s‘tl ng. the.rfegi s.tra}ti on timer conprises: neans
et PrEpoFived WEGISt #igkdlon tinmer to a first val ue
when the network quality

39.  The device of claim 32, wherein the means for adjusting the registration timer
comprises:

means for setting the registration timer to a first value when the network quality
resides within a first range; and

means for setting the registration timer to a second value when the network

quality resides within a second range.

40.  The device of claim 32, wherein the means for adjusting the registration timer
comprises:

means for increasing a length of the registration timer when the network quality
is above a threshold; and

means for decreasing the length of the registration timer when the network

quality is below the threshold.



resides wthin a first range; and neans for setting
the registration tinmer to a second val ue when the
woeaososdoual ity resides within a second rangePCHOS2007@83959

device of claim 32, wherein the neans for adjusting

the registration tiner conpriges: nmeans for increasing

a length of the registration tinmer when the network

quality is above a threshold; and neans for decreasing

the length of the registration tinmer when the network
quality is below the threshold.4 1. The device of

él i i Bedeviprafallain He whemms e oncasy fustlusgns e eghirion time
r%[!) is:e% gqtie:argsﬂfot a%@%tn{:g? ﬂgr%ﬁl% liathIé ﬁl(r:ngr fo dl?fd Ileggé Ber%%een a previously

@étéﬁﬁhlﬁ&tﬁh@twdﬂi Qraityn@dl NQiriarlk daﬂéﬁhinb& nam)rlaq@amy exdckyds a

determ ned network quality exceeds a threshold.
threshold.



