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10 TECHNICAL FIELD

This technology pertains to wireless communications networks, and particularly

to access division multiplexing (ADM).

BACKGROUND

In a typical cellular radio system, wireless terminals (also known as mobile

15  stations and/or user equipment units (UEs)) communicate via a radio access network
(RAN) to one or more core networks. The radio access network (RAN) covers a
geographical area which is divided into cell areas, with each cell area being served by a

base station, e.g., a radio base station (RBS), which in some networks may also be
called, for example, a “NodeB” (UMTS) or “eNodeB” (LTE). A cell is a geographical

20  area where radio coverage is provided by the radio base station equipment at a base
station site. Each cell is identified by an identity within the local radio area, which is
broadcast in the cell. The base stations communicate over the air interface operating on

radio frequencies with the user equipment units (UE) within range of the base stations.

In some versions of the radio access network, several base stations are typically

25  connected (e.g., by landlines or microwave) to a controller node (such as a radio
network controller (RNC) or a base station controller (BSC)) which supervises and
coordinates various activities of the plural base stations connected thereto. The radio

network controllers are typically connected to one or more core networks.
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work. As a result, the tel ephony service cannot be used by a 3GPP Rel ease 8
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falls 20  of mobile networks. Since then CS telephony has become the largest service in the
world with approximately 4 billion subscriptions sold. Even today, the main part of

the mobile operator’s revenue comes from the CS telephony service (including Short

Message Services (SMS)), and the 2G GSM networks still dominate the world in terms

of subscriptions. 3G subscriptions are increasing in volume, but that increase is less in

25  part because of users with handheld mobile terminals migrating from 2G to 3G and

more as a result of mobile broadband implemented via dongles or embedded chipsets in

laptops.

The long-term evolution (LTE) project within 3GPP aims to further improve the
3G standard to, among other things, provide even better mobile broadband to the end-

30  users (higher throughput, lower round-trip-times, etc.).

A common view in the telecommunication industry is that the future networks

will be all-IP networks. Based on this assumption, the CS domain was removed in the



back to 2G GSM when tel ephony service is used. 5 (2)Inplenment 3GPP IP
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Net wor k ( PLIWN) . (3) Inplenment a tunneling solution with Unlicensed
Mobi | e Access (UMA)/ 10 Generic Access Network (GAN) over LTE where the CS
service is encapsulated into an IP tunnel. (4) Inplenment a proprietary

Voi ce over IP (VolP) solution with PSTN PLMN i nterworking. Al of these
four possibilities have drawbacks. In deployed GSM networks that 15 do not
have Dual Transfer Mde (DTM capabilities, CS and Packet Sw tched (PS)
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4) Implement a proprictary Voice over IP (VoIP) solution with PSTN/PLMN

interworking.

All of these four possibilities have drawbacks. In deployed GSM networks that

15 do not have Dual Transfer Mode (DTM) capabilitics; CS and Packet Switched (PS)
services cannot be used in parallel. Hence, all PS services running prior to a call to or

from a terminal using Circuit Switched Fallback (CSFB) are put on hold or are
terminated. If the GSM network has DTM, the PS performance will be greatly reduced

(from 10’s of Mbps to 10’s to 100’s of kbps). One drawback with the CS fallback

20  approach is that when calling or being called and the terminal is falling back to GSM
and the CS service from LTE. Circuit Switched Fallback (CSFB) also prolongs call

set-up time.

The IMS/MMTel approach uses a completely new core/service layer that is IMS

based. This provides new possibilities to enhance the service but also comes with the

25  drawback of a financial hurdle for the operator to overcome. A new core network
drives capital expenditures (CAPEX), and integration of that core network drives an
initial operating expenditures (OPEX) increase. Further, the IMS/MMTel approach
needs features implemented in the terminals and the legacy CS network in order to

handle voice handover to/from the 2G/3G CS telephony service.



drawbacks as for the | M5/ MMlel (new core/service |ayer) approach along with
the difficulties associated with it being proprietary and handover to 2G 3G
CS may novohwelizupgorted. There is yet a further sol utiorcraB2enisgia | egacy
CS tel ephony service with a 10 wireless term nal such as a 3GPP rel ease
8-conpliant LTE termnal. In that further solution, also known as a type of
Access Division Miultiplexing (ADM, transm ssions of GSM CS voi ce are
interleaved in between LTE transm ssions. See, e.g., PCT/5E2007/000358,
which is incorporated herein by reference. In one exanple inplenentation of
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good coverage for the telephony service.

The ADM solution may be implemented in several ways. A first example

25  implementation, illustrated in Fig. 1A, is a fully UE -centric solution where no
coordination is needed between the GSM CS core and a LTE PS core. A second
example implementation, illustrated by Fig. 1B, is a network assisted solution which

can either be based on circuit switched fallback (CSFB), or a solution that only reuses

paging over LTE.

30 From a radio perspective, the ADM solution can be realized in any of three

different ways: As a first example radio realized embodiment illustrated in Fig. 2A, the



2 0The current circuit swtched fallback (CSFB) solution does not allow the
wreless termnal (e.g., user equipnent unit (UE)) to nultiplex

t ransm sswonstiaf73aoci rcuit switched (CS) voice in G obalPCsgBroaonisere Mobi | e
comuni cation (GSM with transm ssions of a packet switched (PS) session in
Long Term Evolution (LTE). For exanple, the packet sw tched (PS) session
may be noved to GSM as soon as a CS 2 5 voice call is originated or

term nated, as shown in Fig. 3. However, if multiplexing of a circuit
switched (CS) call and a packet switched (PS) session is not supported in
GSM e.g. if a Dual Transfer Mode (DTM is not supported in GSM the packet
swi tched (PS) session is suspended, as shgwn in Fig. 4. Recent devel opnents
in 3GPP have changed the way that the suspension is executed, but the
result is still the sanme, i.e., no PS 30connection is possible while the CS
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25  voice call is originated or terminated, as shown in Fig. 3. However, if multiplexing of a
circuit switched (CS) call and a packet switched (PS) session is not supported in GSM,
e.g. if a Dual Transfer Mode (DTM) is not supported in GSM, the packet switched (PS)
session is suspended, as shown in Fig. 4. Recent developments in 3GPP have changed
the way that the suspension is executed, but the result is still the same, i.e., no PS

30  connection is possible while the CS call is active (and DTM not supported).



8 Fig. 6 illustrates terminating a CS Call Request in E-UTRAN, Call

i n GERAN UTRAN wi t hout packet switched (PS) handover (HO (see, e.g., Fig.
7.4-1 of BGRPIIIB3N8. 272, Circuit Switched Fal |l back in EeolruBzhifessket
System Stage 2 (Release 8)). Concerning various details of Fig. 6, step 3
generically depicts activities 5 invol ved with rel ease of the UE (with or
w t hout systeminformation). Release of the UE, and hence rel ease of the
packet switched (PS) bearers for LTE, occurs either through a Network
Assisted Cell Change (e.g., NACC) as depicted by step 3a or through a RRC
Connect i on Rel eas&h¢ sreneiliagt srpaice dor dis cxisting) cirow Smtghe%faélléwl(cﬂésﬁ%
eNodeB se?dl ]@-%luﬁor?l{[oﬁﬁs&g)ﬂl‘é@éﬁkdf ewRaRE (Femabvdﬂe&eagwei @s aéfﬁlempl?,lemt
managenen ent | resu in rel.ease a ction
(o g2oMa"s 1 BesiEin b o »EishyY S0seniter B Byaitp ckedt sHledd SIS s o
Fig. 6 depi cRequet nordifeN of alt meGBMUEdgrgRat @ & cCRANctperét (6 ERAEY JER ANe

GERAN UTRAN R%h@ﬁ’t”ﬁdcﬁet Mt&@&'t@%} hﬁﬁdot«&le(ﬁ@}? wee! egy ﬂ%ﬁ@l@fs?dofhﬁﬁ@ rgstep 6
of Fig. 5 al so_deplLcts/applies lwﬂ(jumg area upaetovvar ds the GERAN

for the G obaP-28pstEiHiF oW INY; F@él%e% Fvelied dackeesvptcpe Siree 2 (BelegspAny
(GSM]. Stepwhich iy mcogochtdl Wf referghee Bererl iatite ehtcretszmsmbmeaqunceﬁn Filaes E@Mtqoac ket

i "For ol BRI nRUAL oI RRRLER 845 LT ol SUPRRD G
Swi t ched Fal Prsedure ar @Q@bmé@RIAéTetgéfp dgipgreqedurstinglep 5)- (Ilﬁéisé3§én19§lPleélha|tﬁt er
7.4, which i sol AGHSRA a%ed hstr Fﬁorhﬁgzmﬁxﬂreasm tHNOES &a%waﬂemdasgséaeﬁded)ut

mentl oned in_.c 3.272 2 0 Crcuit Switched Fall back
in Evol ved PQ%E@?&%%(E% ﬂ%s?gﬁﬁl 2 (Rel ease 8), the wireless terninal
perforns routing area (RA) Update (or conbined RA/LA Update) to resune the
LTE PS bearers af t@ﬁce&ﬁ%ﬁg %I‘lg% ldeﬂaﬁs fde nMF\%\h%d s{efp Brgzna‘cri:ahgaﬂ licsts %ﬁ\ﬁtles

suspended by . step 7a |sclosed
herei n provi dSNErHEH ﬁﬁ%‘ﬁ%es"féh‘a %6‘@@ Hrwrtaus sysian HifPTé%ﬁ“Pnkva% 64?@& f£h9 | back
(CSFB) sol ut I[El’l and Hempy eul@de tof thnpbiket swlttticdl @S8) mgarefs o IO, tocsink teithed ( CS)

voice in @ o SYStem.fer SSlSl%eA]-%:eﬁ (Eﬂ\;/nc{)l ;‘(Q%h /I\_ngg’f'v% d"‘plc{%dabﬁpgt%iéesta or

5switched (P ro%%ss ion In erm its
aspects the thaetsior BRE @pe@lcb@leaehe?eeﬁon theotatgst aecess. mbraHBignalty thedveinpig a

wirel ess termsgigkd cenfiranged. WA@@W&IP@&& 66 A8G st iR B SE. ol NheF-fAce
with a Long ‘é’ﬁLm Evol ution E%%tr ad| ess_.techngl ogy network and a

circuit sw t EHEGM RSt WEfk Mof tP(S‘EHVI PNy g F’ig FIRG RIOLMARRR ‘to
swi tched cal Ithe'\/\/tewmlrtaheegait(ﬁng|wlnch tcewns tm&hedhinletmbrtb gara,nvheman theaRBack et

swi t ched, §esgiyafc h%e‘lé&?e 'n&%?lﬁit g%? Eééfébﬂtrk Qiﬂeét%ﬁ)rm"aﬁl{ Qucfl’lcgsea&eés ?1121”0' ogy

net wor k upon esta It sw t che erea

mul ti pl exing Fﬁ%?ﬁ'ﬁ}h HeAsofoFigt Redspirtk dre pdeBnead @ésasﬁé)ﬁl’mmrﬁext release
transmi ssi onseqeésttrﬂmesagb It thietm bty Gh@egadnk entlt (Mmeyamheesunphlemt@bﬂ on

t he met hod f er compr i ses th cket . sw tc S uring
at least a 1 por t“"nne"t n{fig %ug? (l%%it %ong%?%l%s@ 2 dfificied BY'ich ?‘ﬁgF{geéhﬁgﬁpégy

di scl osed hepréfFig. éalepists pyplormansd ofithdeuting a@at(BAmUdeteaemedur@ tawerds dre a

net wor k- gent sy @ag@ Ralild RELe@XRERIBK (GHRARNY TRID0RS MR ] Bftext of the
term nal - cent M

net hod he i ses,. upon the establishnment
o The el 1 euteehSP R S o Hl gaﬂs‘bg%’é‘i“/mp&‘ﬁ% HSHN T PRRAfST
network to mpwecduwe sowazds thi KGSM Edgmambmcmwmkrkf(@m@o rSredad, i7hgartdhe
circuit sw t%tkﬁgF gak're 13%e® %ﬂ%&kﬁg%ﬂtﬁé R aclE fs(w%l‘i'éd“ grb%‘i‘e%e if Pl N9 a

routing area e an I ne routlng | ocatio rea u ate and

re-establ i shi ﬁf}jls%f pdee Dyt enaet beaoeed [ CRMLTE SRt hopk Fig. 5 depicts
30  performance of the routing area (RA) Update (or combined RA/LA Update) to resume

the LTE packet switched (PS) bearers after the circuit switched (CS) call is finished if
the GSM PS bearers were suspended by step 7a, 7b, and 8. For yet other details
concerning Fig. 5, see, e.g., 3GPP TS 23.272, Circuit Switched Fallback in Evolved
Packet System, Stage 2 (Release 8), Chapter 6.5, which is incorporated herein by

35  reference.



In the network-centric node the wireless termnal nethod further conprising
25 the wireless termnal, upon the establishnment of the circuit sw tched
cal |, recepweong7anoorder froma node of the LTE networ k PCO/IBDIN@035816a
circuit switched network for accommodating the circuit switched call; and
performng a Location Area (LA) update (if needed) but not performng a
routing area update or a conbined routing areal/location area update. In the
net wor k-centric node performance of the Location 30 Area (LA) update is

optional, i.e., is only perforned in sone cases (e.g., if the LA stored in
the termnal from e.g., a previous registration, in accordance with the
CSFB sol ution). 10 In the term nal gcentric node of operation the

term nal decides independently that it shall not performthe Routing Area
Update (RAU) while in the network-centric rmde of operation. This is part

of the order that ncI d S k ep e pa tche

another of its aspﬁe:&s t' ]ésuia eh t%rﬁ%lag "&i%c os 59 e’sﬂ l%sﬁm’a%r& ess
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Evol ution (LTELppagi %ﬁ?@e@r&ﬁcm%}f&gﬁﬂﬁ‘éc‘ﬂ@% E%/B%deﬁe{cﬁ@c' %”Sta@é 2
circuit sw tc?ﬁa cal a to. mul tIB ge i r%nsmim ogs of .t d packet Switched
session with CIgfng glosy dilg- Gfiep rﬁ’é’&efécélllb’ PIRISZHIEUSpI e
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11 In another of its aspects the technol ogy di scl osed herein concerns
a base station node of a Long Term Evolution (LTE) network. The base
station medeoitg7sanfi gured to maintain a packet sw tche#CTaBm@ONs8id h a
wirel ess term nal upon establishment of a circuit switched call involving
the wireless termnal. In an exanple inplenentation, 5 the base station
node conprises a controller configured to order the wireless termnal to
nove to a circuit switched network for accommodating the circuit swtched
call without releasing a packet switched bearer of the packet sw tched
sessi on. In another of its aspects the technol ogy disclosed herein
concerns a nethod of operating a base statg on node of a Long Term Evol ution
(LTE) network. The nmethod 10 conprises participating in a packet sw tched
session with a wireless termnal; and then maintaining a packet sw tched
session with Ll el.ess term nal upon establishnent of a circuit swtched
call involvi @%@ﬁa ess termnal. The act of nmintaining the packet

swi tched session ¢ j i ' ' :

it cuit switohod netosr RSt SEINE LR WURLERTIGRRIR hRITNRBR,
packet swi t ch&dcweweihpd flpadks G B seluben ISHgPrare fsenagle MHEPISYEROf cBHit ched
sessi on. switthedMOB NedicdOin GlobalBSPREfor Mubilé eshimahiogiondiGSoA)0siEda paiked n
concerns a5matsvg1 (c:he(afP Seeg%r{irﬁ 2, 5am Qiolc%trilgdn%)system The conmuni cati on
system conpri ses a él Peurt o switChed Net Work” and”/a Long Term Evol ution (LTE)
radi o access technol ogy network. The system operation nethod conprises
establishing a packebnsWriighRA.3eaR RBhRHHEIVESRI Wit 8bR&$nst £ Bl ond
the Long Term Evol uti On&‘is\iLTE networ k; durl ng t he, packet swi tched session
est abl i shi ng QPTPHRER (VIENTSE (HEENE LN IPBEWEL ACTHRENERE ACESS 2t BT R AMCHACE t he
circuit swtclheth aétonpricrmuparutest @HlH)shdiogactéss te¢hmoloigy mewdrk hed < alrduit
0! REupRGEh ! DS RERShAR Lol L oRBSELMEN LI AR (L T
radi o access technol ogy network; and, "nulti plexi transm ssions of the
packet S\AiL@chéHCLB"S%‘@é‘glﬁéﬁlewqﬂﬁ PRiglERS 8 ipactst switehed sessiamuvith g kengeticrenl | |

I n an exanpl e HyehfibM @ TERRIdId Gedemde ciitognbadbiteiiont &ebsivsh@morehd oflcuit

further conpris dupin he establ.i.shnent of. the c¢circuif switched call,
the w el ass FRTRTHIL AR b RS FPGHEIEE Fansise™s of Witk SIS ana
a conbi ned r owtithngammessione edtthowirarieawigudtall. almdar exasplabmpkhiengtian pleck et

swi tched bear gfeidd fufBel-ddmptRed elaliiking | He FARX IFREIRANGLMH HuGRNhL jegstnPde
and enbodi nent the g%/stem.met.h%ggfti ther conprises a node of the LTE

networ k of der PAGIORRE Hiciepic gxitg to nove to

The technology disclosed herein can be operated either in a terminal-centric
mode or a network-centric mode. In an example mode and embodiment of the
terminal-centric mode, the method further comprises, upon the establishment of the
circuit switched call, receiving an order from a node of the LTE network to move to a

20  circuit switched network for accommodating the circuit switched call; the wireless
terminal: refraining from performing a routing area update and a combined routing
arca/location area update; and re-establishing a packet switched bearer in the LTE
network.

In the network-centric mode the wireless terminal method further comprising

25  the wireless terminal, upon the establishment of the circuit switched call, receiving an
order from a node of the LTE network to move to a circuit switched network for
accommodating the circuit switched call; and performing a Location Area (LA) update

(if needed) but not performing a routing area update or a combined routing
arca/location area update. In the network-centric mode performance of the Location

30  Area (LA) update is optional, i.e., is only performed in some cases (e.g., if the LA
stored in the terminal from, e.g., a previous registration, in accordance with the CSFB

solution).



a circuit swtched network for accommodating the circuit switched call

W t hout releasing a packet switched bearer of the packet sw tched session;
and the woebu#539182 term nal perform ng a Location Are&CriBjolupisate but
not performng a routing area update or a conbined routing areal/location
area update. BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her

obj ects, features, and advantages of the invention will 5 be apparent from
the followi ng nore particul ar description of preferred enbodi nents as
illustrated in the acconpanying drawi ngs in which reference characters
refer to the same parts throughout the various views. The draw ngs are not
necessarily to scale, enphasis instead bejjg placed upon illustrating the
princi ples of the invention. Fig. lAis a diagrammatic view
illustrating a fully UE -centric solution ADM 10 sol uti on where no

coordi nation is needed between a GSM CS core and a LTE PS core.

Fig.
1Bis a diagrammatic view.illustrati netvvor ssi.st e DM sol ut.i o
N G oanl SOT BT LS ikl iRt faf op R the gR R SRR R |

reuses pagi ng thew @rshiTRot perfprm2hg Rbutgng Rida [arddteRqu\U)Z@nberm thi¢ héteoikagengcanpl e
radio-reali Zﬁ% g@*&?%&@ﬂ"&é THiS is! g;!a'nl{ﬁ{tﬁ@ I%Qr @bt AL %‘éﬁh %pMét%Fﬂcﬂdcg 2A

showi ng an_e I'ment conprising a single receiver tra tter with
hal f rate andS#SIoBi pl exi ng on a TDVA frane |evel; Fig. 2B showing an
enbodi ment conprising a SI ngle receiver/transnitter with mul ti pl exi ng on a

burst period Ievel an ow n di,nent,_ conprising a
recei ver/single t ransm ]ilﬁir " it asBﬁcr%s Wle gchnologg (gsclose(ril }%erelnngoncernge w1rtef’elss

nmovement of at%méporﬁwute@lﬁemasré@lmamclm sprhed. sgsswn@/l&baLoglicr@nEff@utl%b| | e

conmmuni cat i on ((5Maliid &‘ébs@ t@&ﬁ@ﬁ;@ RSEWRK |ﬁp@r§ e§t£’&i§hﬁ§ntaof0d El%ﬁittswﬁﬁﬁhé@&ﬁﬂ
(CS) voice caII IS Ofl cor dan

conventional PBPLETPRILP ré.tlanSfaIS%lgns Offi\[{]%@aﬁliw&cg C@%@éwwaﬁ&avmssgﬂwéﬁ%ﬁi on

of a packed swirtwhedthRBpall. 2ln anessmple capodinant giervatdlen tomirtabismonfigiureditof a
: ¢ . .
circuit sw C%ﬂltél%e %Qdkgte s&l?dhled S e%ﬁ%%%@@%? TeaWJ 81@\6? d aﬂﬁllt sW1ﬁﬁ%i (PS)

with multiplexing of circuit swtc v0|cea apac et swtc
session is nolcaléupported in GSM

In an example embodiment the wireless terminal comprises a circuit switched

call controller; a packet switched session controller; and a communications interface.

15  The circuit switched call controller is configured to establish the circuit switched call
and to govern the transmissions of the circuit switched call. The packet switched
session controller is configured to establish and then maintain the packet switched
session including the transmissions of the packet switched session upon establishment

of the circuit switched call. The communications interface is configured to perform

20  transmissions over a radio interface including the transmissions of the circuit switched

call and the transmissions of the packet switched session.

In an example terminal-centric embodiment of the wireless terminal the packet
switched call controller is configured during the establishment of the circuit switched
call to: refrain from performing a routing arca update and a combined routing

25  area/location arca update; and to re-establish a packet switched bearer in the LTE
network.

In an example network-centric embodiment of the wireless terminal the packet
switched call controller is configured during the establishment of the circuit switched
call to receive an order from a node of the LTE network to move to a circuit switched

30 network for accommodating the circuit switched call and to optionally perform a
Location Area (LA) update but not perform a routing area update or a combined routing

area/location area update.



13 Fig. 5is a diagrammatic view depicting a signalling sequence when
a wreless termnal originates a circuit swtched (CS) call in a circuit

swi t ched Wwel2btizwoB910 CSFB) sol uti on as defined by 3GPP. PCT/IB201&0%8166 i S a
di agrammati c view depicting a signalling sequence when a w rel ess 5term nal

termnates a circuit switched (CS) call in a circuit switched fall back
(CSFB) solution as defined by 3GPP. Fig. 7 is a diagranmatic view
depicting a wireless term nal participagjing in access division nmultiplexing
(ADM with a LTE network and a GSM net wor k. Fig. 8is a

di agrammati c view depicting an enhanced circuit switched (CS) 10fall back
(CSFB) operation_of the technolo di scl osed .her.ei n.wherei n acket

Swi tohed (Po) scsargliiral b By i dady Sttt Refbyl 05 s B RETi Y
showi ng basn@le afegroagdrtmtivelatiac tisTiHmesv@ps Tho hpristiting nedams thideuodd to
operating Wihak&ss faBkTsRALhRACSLOGH RethtLwiBlEX ARG TRACtbfsifRBedF AENt .

Fig. 10Ais a flowhart show ng basi.c, representative subacts or substeps
15conpri si ngTAH %Echeﬁ C@éf gﬁ\gfdfngt ﬁ%@ HEAGSE t%‘t“ﬁgd Iy pn exgymply 1pglemgntation,

t er m nals cethitibhe: stnda nadedcenfidds arestitroller confighied to d@Br ths warctdsowehmal toshow ng
basic, repr ti.ve. t ) NSl N t : of the
basi ¢ met hodoar g gl SRARY heBlo R S KRG GARE WY uR Bu Rl B SAEBZ, 11T,
i s a schenatdleesipg awadict anitdird hpire o iisarickes swviteiedgestiane| ess term nal .

In another of its aspects the technology disclosed herein concerns a method of

operating a base station node of a Long Term Evolution (LTE) network. The method

10  comprises participating in a packet switched session with a wireless terminal; and then
maintaining a packet switched session with a wireless terminal upon establishment of a
circuit switched call involving the wireless terminal. The act of maintaining the packet
switched session comprises ordering the wireless terminal to move to a circuit switched
network without releasing packet switched bearers of the packet switched session and

15  not requesting release of the packet switched session.

In another of its aspects the technology disclosed herein concerns a method of
operating a communications system. The communication system comprises a circuit
switched network and a Long Term Evolution (LTE) radio access technology network.
The system operation method comprises establishing a packet switched session

20  between a wireless terminal and the Long Term Evolution (LTE) network; during the
packet switched session establishing a circuit switched call between the wireless
terminal and the circuit switched network; upon establishing the circuit switched call
maintaining the packet switched session with the Long Term Evolution (LTE) radio
access technology network; and, multiplexing transmissions of the packet switched

25 session with transmissions of the circuit switched call.

In an example terminal-centric mode and embodiment the system method
further comprises, during the establishment of the circuit switched call, the wireless
terminal refraining from performing a routing area update and a combined routing
arca/location areca update; and re-establishing a packet switched bearer in the LTE

30 network. In an example network-centric mode and embodiment the system method
further comprises a node of the LTE network ordering the wireless terminal to move to
a circuit switched network for accommodating the circuit switched call without

releasing a packet switched bearer of the packet switched session; and the wireless



Fig. 12 is a nore detailed schematic view of an exanpl e enbodi nent of a
wreless termnal showing a platforminplenentation. 14 Fig. 14 is a
f | onchar twehowaigeibasi c, representative acts or steps cecpaBaiegssalaret hod
of operating a base station of a Long Term Evolution (LTE) network
according to an exanpl e node and enbodi nent. Fig. 15 is a flowhart
showi ng basic, representative acts or steps conprising a 5 nethod of
operating a conmuni cati ons system according to an exanpl e node and

enbodi nent . Fig. 15Ais a flowhart show ng basic, representative
subacts or substeps conprising an act or step of the basic nethod of Fig.
15 for a termnal-centric node and enbodi pent. 10Fig. 15B is a flowchart
showi ng basic, representative subacts or substeps conprising an act or step
of the basic nmethod of Fig. 15 for a network-centric node and enbodi nent.

Bl Lo T T PSS B DOl B

i s a di agr anmapdae vi agendepidoptig a‘reer/}wautmnian@@at@all Request in E- UTRAN,

Call in GERAN UTRAN wi t hout PS HO I\/bdi fications required. Fig. 18 is
a diagrammatic view dgég([:tl ng._an o inati r{\g Cal | Request in EUTRAN, and
Cal |l in CGERANBRIESRE QEI BAVE ﬁ red. Fig. 19 is a

di agrammati c view i.ctin natln uest i 2.0 RAN,.. Cal |
e G UTRAN vt HEnES ek SR ARGt S, and SRRt B8 el W o
In the fol 5ovwbngppbésrttrfrqm ﬂlwrlfollbwmggnmpmetszutafr descpiptioraof prefeared engtodiments

limtation, SB?ﬂlufsirS:te@ﬁ{ ﬁfeb%c&ﬁ;?an?ﬁ% drBihbs ﬁuﬁﬂlcﬁ-%f&%ﬁéé &iélraféfers refer to the
architect ures, interf gll((:es I ques, etc er to Pr ovi d hor Ough

under st andi ngs‘t‘i’Pe PHE %’sgéﬂ‘ﬂ“ W@i’n‘%“rs ‘Hew%o\‘RB?/gFaWI?%S W P 126‘78553‘6@ télpgﬁélreent
to those skil leephasis infteaddrcling gladed uhen pluetsemk thaywariplaofneyinbetipnact i ced in
ot her enbodi nents that depart fromthese specific details. That is, those
skilled in the art will be able to devise various arrangenents whi ch

al though not expl i Eig Iy Westpgrpomabe vicnoillsiEng;mfu Il o dsentrisesoBHioRAPMes  of
the i nventpon sglodtBert A6 lcbel@RhaMbit RinBedetl Hetween a GSM CS core and a LTE PS core.

Fig. 1B is a diagrammatic view illustrating a network assisted ADM solution
which can either be based on CS fallback (CSFB), or a solution that only reuses paging
over LTE.

Fig. 2A, Fig. 2B, and Fig. 2C are differing example radio-realized embodiments

15  illustrated of ADM solutions, with Fig. 2A showing an embodiment comprising a
single receiver/transmitter with GSM at half rate and multiplexing on a TDMA frame

level; Fig. 2B showing an embodiment comprising a single receiver/transmitter with
multiplexing on a burst period level; and Fig. 2C showing an embodiment comprising a

dual receiver/single transmitter.

20 Fig. 3 is a diagrammatic view depicting movement of a packet switched session
to 2G (e.g., Global System for Mobile communication (GSM)) radio access network as
soon as a circuit switched (CS) voice call is originated or terminated, in accordance

with conventional practice.

Fig. 4 is a diagrammatic view depicting suspension of a packet switched (PS)
25  session upon origination or termination of a circuit switched (CS) voice call in
accordance with conventional practice with multiplexing of circuit switched (CS) voice

and a packet switched (PS) session is not supported in GSM.



15 spirit and scope. In sone instances, detailed descriptions of well-known
devices, circuits, and nethods are omtted so as not to obscure the

descri pt iwo 20f/a7BEopr esent i nventi on with unnecessary deCaiiB201#b35816
statenents herein reciting principles, aspects, and enbodi nents of the
invention, as well as specific exanples thereof, are intended to 5
enconpass both structural and functional equivalents thereof. Additionally,
it is intended that such equivalents include both currently known
equi val ents as well as equival ents developed in the future, i.e., any

el ements devel oped that performthe same function, regardl ess of structure.
Thus, for exanple, it will be appreciated;dy those skilled in the art that
bl ock 10 diagrans herein can represent conceptual views of illustrative
circuitry or other functional units enbodyi ng the principles of t he

technol ogy. Sim | atl appre flow charts
ransition di agrant® sdbndbiaim iRl REPERC: buBhuBR YR SR8 Fiiie
whi ch may be suingtahotigmbiey arconieseritled (G8) calhput errcwie adiddiicd faldickittaNg) so
execut ed by asggggy&gkﬁggdpgggppsor whet her or not such 15conputer or
processor is explicitly shown. The functions of the various el enents
i ncl udi ng functional bl ocks, including but not limted to those | abeled or
descri bed as COHDHQ£61sadp@mﬁﬁﬁ&mfvwwnkpmﬁmiH@@hﬂhngsﬂﬁ&n@ﬁwhﬁﬂyhdeﬁﬁ
through the use

capabl e ofgexec Ihlﬂg ﬂ@@!%laﬁﬁnsgﬁg gﬂb(?ﬁ g%@%ﬁﬁs gﬁ% ﬁ%%%ﬂ%?%?%B
conputer 20 ﬁ@&ﬂ@b@ékﬁﬁﬁiﬁmﬁGﬂﬂus such functions and illustrated

functi onal bl ocks are to be understood as bei ng ei ther hardware-inpl enented
and/ or conput er-i npl enent and thus. machine-i ed. .. ln terms
o “har dvar b1 mpi enbli 4 Pl JagAB PR T B G DR e ke ey deinabeerse el fhass,
wi t hout | i m t atdessdividioginmgtiplsxigg 6ADM) cathsslofE B8RYk fhelradiaMenctweaiuced 25
instruction set processor, hardware (e.g., digital or analog) circuitry

i ncl udi ng but not Iinited to application _specific integrated C|r ui t

[ASI C], and (wher eF#pgr Bp? idpeEymaiti BCHadiMGiBe TapiBnesdofioyd gl ‘ﬁéé%iich
functi ons10 fallbatin (CSFBP optradomift e ietiplobspggntiatiossd, haremomuicas al packet
general ly und 0 re processors or one or nore
controllers, g&ﬁ&FﬁgP$E“%§ﬁ20%§F 8&%i§6H§Ed processor and controller may be
enpl oyed |nterchangeably herei n. Wien provided by a conputer or processor

or control ler, theF{gJ@ﬂs'aOﬂl@VaﬁM siaswﬁllrgoaéls%eﬁkpiaéelﬁatwetrm:iseoﬂﬁqis ShQTPut &1
or pr ocessor nt.r o er a Sin e S Coeru I.oC or
Conr ol er "  lagabroniraite vt FREMR) Ret e S e e gpds BH S DaT aregt

controllers sone of mhich may be shared or distributed. Moreover, use of

the term " processorl, dox OOt ASLARK uRahl salisordfcen raﬁ,qctgoorr&ib@t@psto

ot her hardmare capa orm ng such” functions an execut 1 ng
sof t war e, %ucﬁOQB“$W%mé%éﬁ%F@Pﬁﬁﬂ@ﬁﬁﬂ%nF@Eﬂﬁééﬂbﬁd@éawﬂﬂHMICﬂnﬂcnmdeand

embodiment.

Fig. 10B is a flowchart showing basic, representative subacts or substeps
comprising an act or step of the basic method of Fig. 9 for a network-centric mode and
embodiment.

20 Fig. 11 is a schematic view of an example embodiment of a wireless terminal.

Fig. 12 is a more detailed schematic view of an example embodiment of a

wireless terminal showing a platform implementation.

Fig. 13 is a schematic view of an example embodiment of a base station (e.g.,
eNodeB) of a Long Term Evolution (LTE) network.



5The technol ogy di scl osed herein provides enbodi nents and nodes wherein the
circuit switched fallback (CSFB) solution is inproved to enable

mul ti pl exwogonofo7sdincui t switched (CS) voice in d obal Systraprofiepsskxbil e
comruni cation (GSM with a packet switched (PS) session in Long Term
Evolution (LTE). Fig. 7 illustrates an exanple context and for one aspect
of the technol ogy disclosed herein wherein user equipnent 10 unit (UE) or
wireless termnal 30 can participate in access division multiplexing (ADM
with two radi o access technol ogy networK4 in parallel. Fig. 7 shows a cell
of Long Term Evolution (LTE) network 22-1 and a cell of G obal Systemfor
Mobi | e conmuni cation (GSM network 22-2 (a 2G network). The LTE network
22-1 conpri ses a Maskt istaafllovashanrshewad dBsi2 Sreprevdiitdtc tabe o2 Gtepe tovaplisida 2
conprises b tation.28-2...As Nt i . LTE k 22-1
does not pr g‘?}ig‘%%dlgf. (?pce %‘ltﬂtn gsa vk\ﬁa%c%%%fn(oégﬁ“oé%ﬁ\g?% gg ?Rl}égﬁ f%’fﬁ naetvwrlr;]g‘fg(g@(ilng

term nal 30 tpanckanpatiodgandepbasiaentswi t ched (PS) services offered by LTE
network 22-1 nust turn to another network, e.g., GSM network 22-2 for
circuit switched ( seryices. Fig. shows the connection of the GSM
networ k 22-2 and Eﬁ%ﬁ‘)ﬁ*f’é %W%Fléﬁ%‘gl-ng %)‘C’lrePli‘}S‘ingﬂé‘déé‘P‘iS\Pé SEBP EONBYST ks. I n
parti cul &, kethod 8f hawsng hecodBEnoricaBSM metanorakc@@ng te cnneatpt: odubdli ¢
Swi t ched Tel&ﬁ%g -ohetwork (PSTN) 32 through Mbile Switching Center
(MBC-S) 33 and Media Gateway (MW 34. Fig. 8 further shows the LTE network
22-1 connected to Packet Data Network (PDN) 35 through Serving Gateway
(SAE-GWN 36. A fiRigt 184 0p)a SOGOURIH sBEwihpObas®, abEesesoVe stitiats, of Glibs&ps

wireless 25 termnal 30 enga in.a ket .switched (PS) in LTE network
2015 Coages rBHERenelher RUARF it BaR BRESTbr B U ilerk el Pl o

t hr ough Mobidndteynbhimegenent Entity (MVE) 37. I n an exanpl e enbodi nent
and node of the technol ogy disclosed herein and illustrated by a second
(bottom segment of Fig.. 8 the wireless termnal 30.is ved to 30 GSM
networ k192-2 by (e Bl st TowEbhetoT AR | Btk TORESERFY SBRAT Rt P SURSEPP
Change O dercofnprising@n awi drRteptof MAGE)ic neithoehod ifigau t dnromeisdrk-castridesaiciabéd i n
PCT Appl i Caté??[{bd ont PCT/ 5E2007/ 050180, Publication No. W2008/ 088258, filed
March 23 2007, Ich is incorporated herein by reference in its entirety.
Despite the novenent to 17 GSM by the circuit switched fallback (CSFB)

_tle?:hni que, OIi_n acchg.dlm@admgrmnma@c bﬁmmggfaﬂioﬁgin@g@cﬁelaﬁiRbl?@ed RE- ed
illustrate S om, S Fig. t packet switche
(PS) Sessi onﬁf%}\&g?%qeﬁggmi(&u%ﬁdv%ﬁfﬁ M’?)%J}:?at?q_nfé?quﬁgﬁmr k 22-1. |nstead
only the circuit switched (CS) call establishnent is perfornmed in GSM 5

network 122-2. Kegpjngr she dRerkhati Wil ¢ NRiclifDlerd@88he Ty Qall e ghdE gt wor k
22-1 u CS and the resulting CS

pon performnce. of the call . establishment (

ca 1) T enabt BN Ui or BT ARsiEat &80 S b resRdai T i n' Com and
the PS session in LTE, utilizing nmultiplexing capabilities such as that of
PCT/ 5E2007/ 000358§;. i RcQr.p - ' refer Nkt i rety- 10Fi g.
9 shows exanpl e, %ﬁ%sll%glg a.r(gg %@%ﬁ{?ﬁ%ﬁ%&ﬁ%@ég 8? Oglgglgtslﬁéj %\ls/o(?a\l/lgrgéquéﬁéxr]?et hod
of operati ngUVBRMYs endeSall indfBRAN| wighoehPa SIQModifisations geqvigdl 30 of Fig. 8.
Act 9-1 of Fig. 9 conprises establishing a circuit switched call with the
circuit switched network. Act 9-2 canprjse i nt ai.ni cket swtched
Session with a Lo Felnd BSOS VrveePrins srammite W Cal OB Mefior k
22-1 uped estARANs baknt GBRANAETBANCwithows RS tHh &b difidatigad equikdt 9- 3 conpri ses
thereafter nmultiplexing transm ssions of the packet swi tched session with
transm ssions _of the circuit swtched call. In an exanple inplenentation,
t he nmet hod f%?ﬁ&EPW¢B&TWm ai ni ng the packet sw tched session during
at least a portign pof the.circuit switched call, not just during., ..
est abl i shnent of q{lhtge é?lroéﬂ{l% dgwlpgﬁré OF, PHposes of’ exp?ana{lon and not Hl%ltatlon,

specific details are set forth such as particular architectures, interfaces, techniques, etc.

in order to provide a thorough understanding of the present invention. However, it will

25  be apparent to those skilled in the art that the present invention may be practiced in
other embodiments that depart from these specific details. That is, those skilled in the
art will be able to devise various arrangements which, although not explicitly described

or shown herein, embody the principles of the invention and are included within its



20As used herein, "maintaining" a packet switched session upon
establishnment of a circuit switched call does not necessarily nean that the
packet swochad7sEssi on remai ns continually intact and eoahiBEMedssswhi |l e in
sone (e.g., "network-centric") exanple nodes and enbodi nents the act of
"mai ntai ni ng" the packet sw tched session includes retaining existing
packet swi tched bearers in essentially uninterrupted manner, 25 in other
(e.qg., termnal-centric) exanple modes land embodi nents the act of

"mai ntai ni ng" the packet sw tched session includes the possibility that
packet swi tched bearers for the LTE packet sw tched session nmay be at |east
monent ar i | yspirgl aslsspe.Buin smye metasas e detpdak descaplianshefdwbibdnews devicehe

" ep! acement grchRET:ah h@ndth Sl BnfRkAR! 1SR do GhsduRSHIBR s ipribh @ rllEpReLior k i

| ieu of bearers being established 1 n_any other networ 30 to carry on a
session i n BYUEHOBIHEY Usesastr . Aoty sl SHtROEH BECm 185 THRAPRNFIBIES t 398 Sack et

swi t ched sesdicabotidans dfhiad invoreiopasskied]] swiptdhie dxsgas theredfs amahtepdxirranent | y
preenpted o f.er, - ) I 1CLk i, t d or 2G
et vor k) ungsoBERS R b fr g Rl WheREhE Ui eyt ittt 08

i ndi cat ed absvded that sychctmpiabagis dickide dethd cyremdy rknowal eggegloptst 45 well as

t erm nal - cefuivafenBnRvEEHMAN khCRALE 11 C., ARF eRmAE devIStdTRA hSsforhhtets@hng nal
centric nodes tand engge i nient S,5an be inplenmented in a term nal based on
existing 3 HeCRHEAT o “™he network-centric modes and enbodi ments, on
the other hand, do not release (and 5 re-establish) the PS bearers in LTE,

and thus not evef,a P%Mmu{t)l@,ti?(xfﬂ‘l‘%% iaP{)‘reEiQteH*Egttﬁé_etz)sﬁg{)erﬁriﬁ ¥ Ak ﬂa;t:gu)ek

Fig. 10A shows exanpl es subacts conpfising a , r an exanp

t er mi nal%- ceHPFPES RSEEN 38 ERISSTE nEORESPtYdh YBawt iof ullgstratiye riicyitiyhar other

est abl i isthEt}ilhctQﬁjalt Pﬁtscémbﬁyﬁngsvﬂetmheqﬂ@abf thea@clsiohagt Sgﬁkﬂgz, titheilvbe el 653
termnal refrain om performn routing .10 area update procedure and a
conbi ned r e LT IBERbFITAL el B0 adufir BetRAAE AYBRIE

conpri ses tIRreRdnt efagigws teyoeisasl wineh anvayalbe | sihbtagfiadly pesplesentedyiin cioabulséar er i n
the LTE nety@fdle medium &ddso SRButeOWS) BXANRECS HYBACIS wheikBY bShftdsu@kt 9- 2
for an _exanple termnal -centri c.f}rlos e and enbodinent. In particular, during

t he estlabl i Ff OpPToptsEotds PACHLY SP8WRWi t ched cal |, as subact 9-2B-1 the
wireless termnal receives an order froma node of the LTE network to nove

to acircuit sw ; gfémgq g [ i L St cal | .
As subact 9-2B- 21‘}{%%90\}&’8?% esgvf{ug({ur%‘l%%a pef‘?ﬁo#lﬁ‘%f}gl%ﬁ%r%g?@g%st’ g\% gﬂgﬁ A) update
but does notot pigpitedrtmthose dalslathoradessriRpdrst Compuistc o RIgCeRser r@uicPRgpller”,

ar ea/ | ocat iaiy B¢ pavidpd airéugh2BEug. of hirdshensichRs exanftagdwge aad/ocChar@de basi ¢

enbodi ment c%]i)akwe ro‘t:"legésc%%i}lersg%tveafle iBQhe '?bs Scr)]fo g\(@dehq s@ugfi n]S]'Sto il r06|c%%ris u{e?r m nal
30 conprisesTcomiuni ca o |n%er?ace 40, C!FCUI? smﬁgchedfcapl CORtT ol | er
42; andOpacketabbwincdiied Sbesisorh fontion ek ilaatratqth dunstipralitlockniare ke de cal |
control ler @Reiskod ey Glet Rar8eh@NpRinchRE dalifof YbipStW-ngh&Hefi&l, lan@nd to
govern the Lrans . Ssi ons of the circuit sw tched caIP. The packet sw tched
session 25" CORETOITBIPAANE confi gured to establish and maintain the
packet sw tched session including the transm ssions of the packet sw tched
session. The comupeali OOSwARUFEIARAR! SeSORNIAHT Sl B LR or

transm ssions over a radig Interface |ncPu I'ng the transm ssions of the
circuit swidepapassamithapd lipwation. aighils siewm sprogessore PRk Berdsipfos drdised essi on.
30Al t hough ihéteuceibt 6&ti fro@wdor Cledlvaral(¢.g ¢ antitabbl &aldk? candiry heclpBek Bt M t ched
sessi on

limited to application specific integrated circuit(s) [ASIC], and (where appropriate)

state machines capable of performing such functions.

In terms of computer implementation, a computer is generally understood to

comprise one or more processors or one or more controllers, and the terms computer

30  and processor and controller may be employed interchangeably herein. When provided
by a computer or processor or controller, the functions may be provided by a single

dedicated computer or processor or controller, by a single shared computer or processor



controller 44 work together in various respects, insofar as functionalities
of the wireless termnal are concerned it is primarily the role of the
packet swochad7sEssi on controller 19 44 to maintain tireTpRTHEHSS8W t ched
session with a Long Term Evol ution (LTE) radi o access technol ogy network
upon establishnent of a circuit switched call. That is, within the wirel ess
termnal 30 the subacts of Fig. 10A and Fig. 10B are primarily perfornmed by
packet switched session controller 44. L& an exanple inplenentation the 5
wireless termnal preferably maintains the packet sw tched session during
at least a portion of the circuit swtched call, not just during

elst abl i shnerk c@ﬁtrdlh:g o E}Cuiﬂlﬁmyt ehiadividhi compu(;ers ngﬁ.‘od&'SS’oed %Soﬂtﬁﬂlﬁisnal )

al so conprlses S 46 I,C hqured to rmne x whi ¢
franece) or 5 3 PERMIFD QORGP alsRirdha oPo e S b e st ol one.
The schedul épot®lies” ghal telsedicagonsiriedsp refve b athei harfeatc| dapaile g perfamarg  9- 3

of mul tipl e%hﬂﬁfuh&ﬁ)nblfd/&r@(egﬁMgtsbﬁﬂw §&h @the cAFSIB AMAWaFe Eéitkd abdve.
scheduler 46 is either jointly conprised of, or jointly consulted by, both

circuit switched call controller 42 and 44. Fig. 12 shows a nore detailed
exanpl e enbodi nmeithe afchmlogl disdoiedmnieﬁraproﬁﬁl(:i&)lbodlﬁemen(b'trmdesewhfaéin the

functionali tchgl?lt &?ﬁbhﬁ?’ feflf%ﬁélé &%(%E@%’ @Hgﬂ Qi g@aﬁ,\éh aﬁ[k ]?m kg&fn .00 The

t er m nol ogy escri tio units of a
comuni cat i HEChfS; (tCSb?’Olﬁ%H’eG@hﬁ Systermigr Mabie é‘em@ﬂmw@m (E@Mh\ylt%@%ﬁkﬁ . One

exanpl e pl atshvactiodi @SR se&eizRUL ezrong rmhﬁmmiohqmwherﬁeg rv tDlﬂ@tra@d‘s aDEanle t he
el ements franmed .b ne 60 ud| o.circuit svm%

|
cal 1 cont r ofParsbd s Sped BE G AaRE: dilosd Rirkilyiayif whéiphinttth
one exahpl e uniplleneen aticlss tarenaf Lﬁrﬁ)ct?arbnaitlpma@smsh@m diyisienamadtifbsxing at f or m

Sﬁl 2Rde§‘\é§3 Jél rwftlﬁl Aed ¥ér21lﬁ}ﬁ£dckésg§c:s}{hgl%g9%efr’\]&ﬁllké é%ré?bél ORg. 2%2@%’{ £cBlBrLessors
signal's) i 1gpg oé‘ﬁ’i‘ftfo&(l&n %ﬁélemr?% A § gL 5183%1 S al{)[ﬁ{"i%ch a
conmputer i rrmbmnmntcaﬁomr(GSM)SnettWerhmaéﬂ €5 2G ectwark). CHre g‘,ﬁiﬁpnemrk i2a-1
addition to c&nﬁe&g%sﬁ'agé (& 10n§ pﬁ’e@’ 2§?%ﬁ1%”th922d MS& 2 cH{rrTl@nSe@g)gQé)”p“ S€

random acces I cation ne

stores, L&, gstatigpdéd. | th%lop%@%ﬁ‘t &5 %ﬁﬁ nlﬁé”‘é?gé’@u]t é@lesb?OttHﬁ@Vléi? ég%éor to
perform act %wdelsdar(dseeerbﬁeglsa)rhatanﬁr@ay té)hhﬁl 3(r@aﬂfc)paﬁﬂ§h1 pekeasighaEMrYy,

for exanple) OWet her or S| o st r t ypi cal he

W rel ess te|(1Ef$)nsael‘m%el’g ggegﬁf)%‘f E?Ee %(%%rﬁ gt t& Ilulg[r lﬁ bé‘vfs
conpri se cemgwyonk RPA3doy ownpawitchedt(€Sbservicgsct i onal i t| es, the representative
i nput/output units for wireless term nal being

Fig. 8 shows the connection of the GSM network 22-2 and the LTE network 22-

20 1 to respective core networks. In particular, Fig. 8 shows the 2G or GSM network 22-2

connected to Public Switched Telephone Network (PSTN) 32 through Mobile

Switching Center (MSC-S) 33 and Media Gateway (MGW) 34. Fig. 8 further shows

the LTE network 22-1 connected to Packet Data Network (PDN) 35 through Serving

Gateway (SAE-GW) 36. A first (top) segment of Fig. 8 also shows that, for a wireless

25  terminal 30 engaged in a packet switched (PS) in LTE network 22-1, pages from the

Public Switched Telephone Network (PSTN) 32 are sent through Mobility
Management Entity (MME) 37.

In an example embodiment and mode of the technology disclosed herein and

illustrated by a second (bottom) segment of Fig. 8, the wireless terminal 30 is moved to

30  GSM network 22-2 by the circuit switched fallback (CSFB) alternative Cell Change
Order (with or without NACC), or even autonomously as described in PCT Application

No. PCT/SE2007/050180, Publication No. W02008/088258, filed March 23 2007,

which is incorporated herein by reference in its entirety. Despite the movement to



20 illustrated in Fig. 12 as keypad 70; audio input device (e.qg.

m crophone) 72; visual input device (e.g., canera) 74; visual output device
(e.qg., diwplayoredy and audi o out put device (e.g., spealemiiBAB0/OBIer types
of input/output devices can also be connected to or conprise wreless
termnal 30. 5In the exanple of Fig. 12 the platform 60 has been
illustrated as conputer- inplenented or conputer-based platform Another
exanple platform 60 for wireless term nal can be that of a hardware
circuit, e.g., an application specific integrated circuit (ASIC) wherein
circuit elements are structured and operated to performthe various acts
descri bed herein. 10Furthernore, it wll e appreciated that, as used
herein, "wireless termnal (s)" or "UE'" can be nobile stations or user

equi pnrent units (UE) such as but not limted to nobile tel ephones

Lerm nat on) . SR BndE i tpe Rodh Tudsh) oFRh EquRER™ B ekdensE o, ©
conput er -i ncl m!ténlqlomr disdpserbarsireehdras biliseragd v thesewid € botomsaginedoé FigoBce
and/ or 15dat a gy %J&kétasq&hfeh@(? SSeE's%ﬂ’\ﬁrrlétamed in Lofig g“errﬁ@iv%ﬂfﬁ\ﬁﬁ E@E}eﬁ@%% lie
oo o Shtoal Soba Lo it B e g bt T
conmruni cat b onsctwanidRes2. 8Kﬁqﬁmﬂﬂnﬂmkkm:ﬁmnmememﬂseﬁﬁmonldﬁﬁtf@hk@ﬂnBaz1
Communi cat | ongphhSRIAGR.EF (2ced LERLERILRCTLE! hEaathds coamsslang. pver

the radio gk nessa
pertai ni ng t0bgéﬂﬂﬁpleé@ﬁtth%GﬁfﬁqlbﬁWItQiﬁ@l (@ﬁha@éﬁtﬁs%fanéé 1343 %WQ%WeBTE

sessi ons whi chtiBsifg WiBE dapipilitiRe sGAHIRIMaE 8F POTESHEIANADE03 584 iRp/oskas 1N
accordance mn%h a ,sch ullg?$5%$6for processing the interleaved

transni ssi ons "CETPY L 'ssing of data prior to transnmission and
post - processi ng of data after transm ssion. The packet switched 25 session

control | ef;86 govegs oafdys UREEME SRSic! REre3GiiRre a%@%'s&ﬁ&@‘iﬂv%ﬂ»ed%@g method
managenent of the packet sw tched sessions In which th t he

Long Ter m EvolPhPPEHng arEclqis: thighiral pysch ?ScWﬁ%lf:SééemAﬁ%éQ Otf ﬁé% éﬁct%ﬁsl %%lf'lf:’or med
or governed by doapkiets Swblidhed: siesst snitchandallol ittethe 86-cait ewitd’lﬁ&ﬁeﬂeﬁt cAeid in

Fi 14. It mnl r I ti

fu%ctlonal|t|eéio&ﬁpgﬁgrﬁ%ggéﬁgéagﬁ&ﬁﬁSgg %a%é%&E“ﬂﬂﬁgﬁf%geﬂ%%‘ u%&%n
ot her functi oflalEtiade agenss ehnadegdyi rzeé\uorb>22oln@0@r68ﬁabﬁ8ém}§rlb@féb% @r@llt\@mlf@h@d

execut e coded chinstAkol3 &ﬁlsprissta@ﬂ@%aft@r ﬁan@[e&n{gemg}smlégféﬁs bf &I&%a‘bﬁéﬂévﬁﬂcﬁé@' s)

in order to perform.he various

ot 6 har dvar b oo on oraRirsens ebife SR iRl aing Prodiel msftudition. o
pl at f or m i npl ermentthod Gmthef can@ises meingssing Eremaniadt seteheall sssvigediging|at jﬁast a
applicable to pBllti%h of EHP dir' B SHRGAThP rho?j‘us{ Jﬂﬁm%lggtqgl%hment of the circuit switched

call.

20 As used herein, “maintaining” a packet switched session upon establishment of
a circuit switched call does not necessarily mean that the packet switched session
remains continually intact and unaltered. While in some (e.g., “network-centric™)
example modes and embodiments the act of “maintaining” the packet switched session
includes retaining existing packet switched bearers in essentially uninterrupted manner,

25 in other (e.g., terminal-centric) example modes and embodiments the act of
“maintaining” the packet switched session includes the possibility that packet switched
bearers for the LTE packet switched session may be at least momentarily released. But
any released packet switched bearers or the replacements therefore are re-established or
resumed in the LTE network in lieu of bearers being established in any other network

30  to carry on a session in such other network. Thus, in essence “maintaining” the packet
switched session means that the packet switched session is not permanently preempted
or transferred to another network (e.g., a circuit switched or 2G network) upon

establishment of a circuit switched call.



Fig. 14 shows basic, representative acts or steps conprising a nmethod of 5
operating a base station (e.g., eNodeB 28) of a Long Term Evol ution (LTE)
net wor k awoandiatgoibo an exanpl e node and enbodi ment. ActPCIABI1@0IRPId Ses
participating in a packet switched session with a wireless termnal. Act
14-2 conprises maintaining a packet switched session with a wirel ess
term nal upon establishnent of a circuit switched call involving the
wireless termnal Act 14-2 of nmmintaining the packet 10 swi tched session
conprises ordering the wireless term nalgto nove to a circuit swtched
network w thout rel easing packet sw tched bearers of the packet sw tched
session and not requesting rel ease of the packet sw tched sessi on.

Fig. 15 shows basj.c, .represent Xa ts of ste3| ved.in a
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(LA) updat e area uppiteonal in the network-centric node and enbodi ment since it
is only perfornmed in sone cases, such as when the Location Area (LA) is
stored in the wireless termnal froma previous registration. Fig.
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including the transmissions of the packet switched session. The communications
interface 40 is configured to perform transmissions over a radio interface including the
transmissions of the circuit switched call and the transmissions of the packet switched

session.

30 Although the circuit switched call controller 42 and the packet switched session
controller 44 work together in various respects, insofar as functionalities of the wireless

terminal are concerned it is primarily the role of the packet switched session controller



area (LA) Update) procedure to the SGSN, but a |ocation area (LA) Update is
still optionally (as defined in 3GPP spec 23.272) perfornmed (shown as
changed sweoepofi/oB91hi g. 16). No suspensi on of the GSM pachaB2awnissted ( PS)
bearers (note that step 7a, 7b, and 2 08 of Fig. 5 are not used in Fig.
16). Re-establishnent (by packet switched session controller 44 of
wireless termnal 30) of the packet switched (PS) bearers in the Long Term
Evol ution (LTE) network (shown as the al ded step 7-new). No routing area
(RA) Update procedure (or conbined routing area (RA)/location 2 5 area
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ordering the wre rm na ve to M Edge Radi o Access Networ
(GERAN) to ¥ the circuit switched (CS) service (but keeping the packet
swi tched (PS) connectl on in E-UTRAN). 15F| g. 17 illustrates, relative to

Fig. 6, certaln flcatlons f.or. .t he cen di ment.
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example platform is a computer implementation wherein one or more of the elements
framed by line 60, including but not limited to circuit switched call controller 42 and

20  packet switched session controller 44.

In one example implementation, the functionalitiecs shown as framed by
platform 60 and even other functionalities can be realized by one or more processors
which execute coded instructions stored in memory (e.g., non-transitory signals) in
order to perform the various acts described herein. In such a computer implementation

25  the wireless terminal can comprise, in addition to a processor(s), a memory section 62
(which in turn can comprise random access memory 64; read only memory 66;
application memory 68 (which stores, e.g., coded instructions which can be executed by
the processor to perform acts described herein); and any other memory such as cache

memory, for example).

30 Whether or not specifically illustrated, typically the wireless terminal of each of
the embodiments discussed herein can also comprise certain input/output units or

functionalities, the representative input/output units for wireless terminal being



2 0 As shown in Fig. 17, the changes to the circuit switched fall back
(CSFB) solution of Fig. 6 are the followng: No routing area (RA) Update
(or conmbiweadoriouasiing area (RA)/location area (LA) Updat eCTiB20tbvessS6SN but
LA Update still optionally (as defined in 3GPP spec 23.272) perforned
(shown as changed step 6 in Fig. 17). 2 5 No suspension of the packet
switched (PS) bearers (note that step 7a, 7b, and 8 of Fig. 6 are not used
in Fig. 17). Re-establishment (by packgt switched session controller 44 of
wireless termnal 30) of the packet switched (PS) bearers in the Long Term
Evolution (LTE) network (shown as the added step 7-new). 24 No routing
area (RA) Updat e%q((or combi ned routing area (RA)/location area (LA) Update)
to resune tHestrded &t Fignilg cideypaisyOiyaidiceipubfievase (oree neigtophong) f7i2hvished si nce
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regi strati onrqmrpfrmmdlesmteuﬂ'l&yl 30. The timng between step 7-new and the
steps 6-10 of Fig. 17 is not crucial and therefore can be varied. For
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enbodi ment . gckbgbdm@didihcations illustrated in Fig. 18 and below 1 5

di scussed are enployed for an originating circuit switched (CS) Call

Request in EUTRAN, Call in GERAN wi thout PS handover (HO), for the
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a termnating | Request |n N w thout PS
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19, for thenbeildntaralinat@®ni,ramel enoochinndat for agxdnipixgesortable, pocket, hand-held,

computer-included, or car-mounted mobile devices which communicate voice and/or

15  data with radio access network.

Fig. 13 shows an example embodiment of a base station (e.g., eNodeB) of a

Long Term Evolution (LTE) network. The eNodeB 28 comprises communications
interface 82; communications handler 84, and packet switched session controller 86.
Communications interface 82 facilitates the interleaved transmissions over the radio

20  interface, as well as communication of signals and messages pertaining to setup,
continuation, and management of packet switched sessions which are supervised by

The communications handler 84 operates in accordance with a scheduling map for
processing the interleaved transmissions, e.g., both pre-processing of data prior to
transmission and post-processing of data after transmission. The packet switched

25  session controller 86 governs and supervises the setup, continuation, and management
of the packet switched sessions in which the eNodeB 28 of the Long Term Evolution
(LTE) network participates. Among the actions performed or governed by packet

switched session controller 86 are those depicted in Fig. 14.

It will be appreciated that, in one example implementation, the functionalities of
30 eNodeB 28 shown as framed by platform 90 and even other functionalities can be
realized by one or more processors which execute coded instructions stored in memory

(e.g., non-transitory signals) in order to perform the various acts described herein, or by



the changes to the circuit switched fallback (CSFB) solution of Fig. 5 are
the following: The release of the connection in the LTE access (step 3) is
nodi fi ed wo 20nlo73ander the UE to nove to GERAN and handliPeTihmi1Q&s8sr vi ce
there. No request release of the 51 connection (shown as renoval of step 4
of Fig. 5). 25 No rel ease of the 51 connection (shown as renoval of step 5
of Fig. 5. No RA Update (or conbined RA/LA Update) to the SGSN but LA
Update still performed (shown as changgd step 6 in Fig. 18 and Fig. 19).

25 No suspension of the GSM packet swi tched (PS) bearers (shown as renoval
of step 7a, 7b, and 8). No RA Update (or combined RA/LA Update) to resume
the PS bearers afteﬁmdhe cal | (1n|shed fﬂ?ﬁ% t he PS bEarers ar e
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wireless terminal and the Long Term Evolution (LTE) network. Act 15-1 comprises,
during the packet switched session, the eNodeB 28 sending an order for the wireless
terminal 30 to move to a circuit switched network for accommodating the circuit
switched call. Act 15-2 comprises establishing a circuit switched call between the
20  wireless terminal and the circuit switched network. Act 15-3 comprises, while
establishing the circuit switched call, maintaining the packet switched session with the
Long Term Evolution (LTE) radio access technology network. Act 15-4 comprises
multiplexing transmissions of the packet switched session with transmissions of the
circuit switched call. In an example mode and embodiment the system method further
25  comprises maintaining the packet switched session during at least a portion of the

circuit switched call, not just during circuit switched (CS) call establishment.

Fig. 15A shows examples subacts comprising act 15-3 for the example terminal-
centric mode and embodiment. In particular, during the establishment of the circuit
switched call, as subact 15-3A-1 the wircless terminal refrains from performing a

30 routing area update procedure and a combined routing arca/location area update
procedure. Subact 15-3B-2 comprises the wireless terminal re-establishing a packet
switched bearer in the LTE network.



Optionally the wreless termnal could re-register for circuit swtched
(CS) services after the CS call has been conpleted (Tracki ng Area Update

wi th CS rwoizstwwesdion performed in LTE). Unl i ke t hepcenBimebsssentric
nodes and enbodi nents, in the network-centric nodes 30and enbodi ments the
LTE packet swi tched bearers are never rel eased (not even nonentarily as in
the termnal -centric nodes and enbodi nents). Accordingly, in the 26
term nal -centric nodes and enbodi nents the packet sw tched bearers need not
be "reestablished" and therefore Fig. 182and Fig. 19 do not include an act
such as act 7-new. The technol ogy discl osed herein affords many

advant ages. For exanple, with the technol ogy discl osed herein CS voi ce
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15 e No routing arca (RA) Update procedure (or combined routing area (RA)/location
area (LA) Update) procedure to the SGSN, but a location arca (LA) Update is still
optionally (as defined in 3GPP spec 23.272) performed (shown as changed step 6 of
Fig. 16).

e No suspension of the GSM packet switched (PS) bearers (note that step 7a, 7b, and
20 8 of Fig. 5 are not used in Fig. 16).

e Re-establishment (by packet switched session controller 44 of wireless terminal 30)
of the packet switched (PS) bearers in the Long Term Evolution (LTE) network
(shown as the added step 7-new).

e No routing areca (RA) Update procedure (or combined routing areca (RA)/location
25 area (LA) Update procedure) to resume the packet switched (PS) bearers after the
call is finished since the PS bearers are maintained in LTE during the CS call (note

that step 11 of Fig. 5 is not used in Fig. 16).

Optionally the wireless terminal could re-register for circuit switched (CS) services
after the circuit switched (CS) call has been completed (by performance of a Tracking
30  Area Update with circuit switched (CS) registration performed in LTE).



WO 2011/ 073910PCT/ 1B2010/ 055816 27 WHAT IS CLAIMED |IS: 11. A wirel ess
termnal (30) characterized as being configured to maintain a packet

2swi t chedweessli/ioseiwi t h a Long Term Evol ution (LTE) radi ecaaBad&oisexhnol ogy
networ k upon 3establishnment of a circuit swtched call and to multiplex
transm ssions of the packet sw tched

4sessi onwi t ht ransm ssionsofthecircuitsw tchedcall. 12. The w rel ess
termnal of claim1, wherein the wireless termnal is configured to

2mai ntain the packet swtched session durkng at |east a portion of the

circuit swwtched call. 13. The wireless termnal of claim1, conprising: 2a
circuit sw tched call controller (42) configured to establish the circuit
swi tched call EdtoIPﬁge vernthetrans |ons E$ circuit switche

cal |; 4a packet it Ly PSR d%ﬁ‘i‘f? rStf(Pﬁzf)o ¢ Shiiguoely 1ob Bt APd sh
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of the packety sW Hehed Sesst ¢l URPN PR&LESLAR! bABMRRtst @l LG Ghi B tn

swi tched call;
implementation matter in, e.g., the wireless terminal.

5 The modification of step 3 of Fig. 16 could be used as a modification of existing
RRC messages to only order the wireless terminal to move to the GSM Edge Radio
Access Network (GERAN) to handle the circuit switched (CS) service (but keeping the
PS connection in E-UTRAN). See, e.g., Mobility From EUTRA Command (Cell
Change Order) and RRC Connection Release respectively, e.g., 3GPP TS 36.331,

10  Radio Resource Control (RRC), Protocol Specification, which is incorporated herein by
reference). It could also be done by creating a new message with the function of
ordering the wireless terminal to move to GSM Edge Radio Access Network (GERAN)
to handle the circuit switched (CS) service (but keeping the packet switched (PS)
connection in E-UTRAN).

15 Fig. 17 illustrates, relative to Fig. 6, certain modifications for the terminal-centric
mode and embodiment. The illustrated and below-discussed modifications are
employed required to implement the technology disclosed herein when terminating a
circuit switched (CS) Call Request in E-UTRAN, Call in GERAN/UTRAN without
packet switched (PS) handover (HO) for the terminal-centric mode and embodiment.

20  As shown in Fig. 17, the changes to the circuit switched fallback (CSFB) solution of
Fig. 6 are the following:

e No routing area (RA) Update (or combined routing arca (RA)/location area (LA)
Update) to the SGSN but LA Update still optionally (as defined in 3GPP spec
23.272) performed (shown as changed step 6 in Fig. 17).

25 e No suspension of the packet switched (PS) bearers (note that step 7a, 7b, and 8 of
Fig. 6 are not used in Fig. 17).

e Re-establishment (by packet switched session controller 44 of wireless terminal 30)
of the packet switched (PS) bearers in the Long Term Evolution (LTE) network
(shown as the added step 7-new).



7a communi cations interface (40) configured to performtransm ssions over a
radio 8interface including the transm ssions of the circuit switched cal
and t he twensmiwsiions of the 9packet switchedsessi on. 14PCThB20a)/0FBESS
termnal of claim3, wherein the packet sw tched session controller 2(44)
I's configured upon the establishnment of the circuit swtched call to:
3receive an order froma node of the LTE network to nove to a circuit

swi tched network 4for accommodating theZdircuit switched call; 5refrain
fromperformng a routing area update and a conbined routing areal/location
6area update; 7re-establish a packet switched bearer in the LTE network.
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Optionally the wireless terminal could re-register for circuit switched (CS) services
5 after the CS call has been completed (Tracking Arca Update with CS registration
performed in LTE).

The timing between step 7-new and the steps 6-10 of Fig. 17 is not crucial and
therefore can be varied. For example, the step 7-new can be performed at any point in
time after step 5 of Fig. 17. Placement and order of step 7-new can be an

10  implementation matter in, ¢.g., the wireless terminal.

As mentioned above, methods of the technology disclosed herein include both
terminal-centric modes and embodiments and network-centric modes and
embodiments. Fig. 18, relative to Fig. 5, shows certain modifications for the network-
centric mode and embodiment. The modifications illustrated in Fig. 18 and below-

15  discussed are employed for an originating circuit switched (CS) Call Request in E-
UTRAN, Call in GERAN without PS handover (HO), for the network-centric mode and
embodiment. Similarly, Fig. 19, relative to Fig. 5, shows certain modifications for the
network-centric mode and embodiment a terminating CS Call Request in E-UTRAN,
Call in GERAN/UTRAN without PS handover (HO) for the terminal-centric mode.

20 As shown in Fig. 18 and Fig. 19, for the terminal-centric embodiments and modes
the changes to the circuit switched fallback (CSFB) solution of Fig. 5 are the following:

The release of the connection in the LTE access (step 3) is modified to only order
the UE to move to GERAN and handle the CS service there.

e No request release of the S1 connection (shown as removal of step 4 of Fig. 5).

25 e Norelease of the S1 connection (shown as removal of step 5 of Fig. 5).

e No RA Update (or combined RA/LA Update) to the SGSN but LA Update still
performed (shown as changed step 6 in Fig. 18 and Fig. 19).



4f or accommodating the circuit switched call; 5performa Location Area (LA)
update but not performa routing area update or a 6conbi ned routing

ar ea/ | ocavpaniiar7eoupdat e. 16. A nmethod of operating a RCTABBE®&03S8T4M nal
(30) configured to conmunicate with a 2Long Term Evol ution (LTE) radio
access technol ogy network and a circuit swi tched network, 3the nethod
conprising: 4establishing a circuit switched call with the circuit swtched
network; 5the nmethod characterized by: 6maintaining a packet switched
session with a Long Term Evol ution (LTE)25r adi o access 7technol ogy network
upon establishnment of the circuit switched call; and, upon the

8establ i shnent of the circuit switched call, 9nultiplexing transm ssions of
t he packet sw tNhedpasmaiodithaii$M facknswitsisiddRS) efardrh@hown as removal of step

10ci rcui tswi tchgdgall 1 ¢y17. The nethod of claim®6, further conprising

mai nt ai ni ng the baéf(‘et swi t ched session

2duri ngat | east aporti onofthecircuitswi tchedcall. 18. The nethod of claim®,

further conpei NORA YRAR (bP&eshRIRA SNBPYatOfto tRBmE KL bearers after the call
is finished since the PS bearers are maintained in LTE during the CS call (shown as

5 removal of step 11).

Concerning acts 3b, 3a, and 3c of Fig. 18 and Fig. 19, the “extended” NACC,
“Extended” RRC Connection Release, and CSFB Command are options on how a new
function "go to the CS access but keep PS bearers in LTE" can be introduced in the
3GPP specifications. The difference between such an extended message and an

10  ordinary message of similar name is allowance of the wireless terminal to keep the
packet switched (PS) bearers but nevertheless still receive the necessary information to
proceed with the call in GSM. Although including in the message title the word
"release”, such extended message primarily serves to command the wireless terminal
not to release the packet switched (PS) session or packet switched (PS) bearers but to

15  establish the CS call elsewhere.

The modification of step 3 of Fig. 18 and Fig. 19 could be used as a modification of
existing RRC messages to only order the wireless terminal to move to the GSM Edge
Radio Access Network (GERAN) to handle the circuit switched (CS) service (but
keeping the PS connection in E-UTRAN). See, ¢.g., Mobility From EUTRA Command

20 (Cell Change Order) and RRC Connection Release respectively, e.g., 3GPP TS 36.331,
Radio Resource Control (RRC), Protocol Specification, which is incorporated herein by
reference). It could also be done by creating a new message with the function of
ordering the wireless terminal to move to GSM Edge Radio Access Network (GERAN)
to handle the circuit switched (CS) service (but keeping the packet switched (PS)

25  connection in E-UTRAN).

Optionally the wireless terminal could re-register for circuit switched (CS) services
after the CS call has been completed (Tracking Area Update with CS registration
performed in LTE).

Unlike the terminal-centric modes and embodiments, in the network-centric modes
30 and embodiments the LTE packet switched bearers are never released (not even

momentarily as in the terminal-centric modes and embodiments). Accordingly, in the



2switched call, the wireless termnal. 3refraining fromperformng a
routing area update and a conbi ned routing area/l ocation 4area update;

5r e- est abWD=2himgagpacket swi t chedbear eri nt heLTEnet wor k. 19CTIB®10@3SRGd Of
claim8, further conprising the wireless termnal further refraining 2from
3suspendi ng a packet switched bearer for a circuit switched network upon

the 4destablishnent of the circuit switched call; and 5resum ng the packet
switched bearer after termination of the circuit switched call. 110. The
nmet hod of claim6, further conprising, upon the establishnent of the
circuit 2switched call, the wireless termnal: WO

2011/ 073910PCT/ 1B2010/ 055816 29 3recei vi nggan order froma node of the LTE
network to nove to a circuit switched 4network for acconmodating the
circuit switched call;

terminal-centric modes and embodiments the packet switched bearers need not be “re-

established” and therefore Fig. 18 and Fig. 19 do not include an act such as act 7-new.

The technology disclosed herein affords many advantages. For example, with the

technology disclosed herein CS voice -centric devices can continue to use the PS

5  services over the LTE access while being connected for a circuit switched (CS) call in
Global System for Mobile communication (GSM).

The functions, events, steps, or acts described above may be implemented by units
included in network nodes or other devices, which can be computer-implement or

preformed by a processor or controller as those terms are herein expansively defined.

10 Although the description above contains many specificities, these should not be
construed as limiting the scope of the invention but as merely providing illustrations of
some of the presently preferred embodiments of this invention. Therefore, it will be
appreciated that the scope of the present invention fully encompasses other
embodiments which may become obvious to those skilled in the art, and that the scope

15  of the present invention is accordingly to be unduly limited. Reference to an element in
the singular is not intended to mean "one and only one" unless explicitly so stated, but
rather "one or more." All structural, chemical, and functional equivalents to the
elements of the above-described preferred embodiments that are known to those of
ordinary skill in the art are expressly incorporated and are intended to be encompassed

20  hereby. Moreover, it is not necessary for a device or method to address each and every

problem sought to be solved by the present invention, for it to be encompassed hereby.



S5performng a Location Area (LA) update but not performng a routing area
update or a 6conbined routing areal/location area update. 111. A base
station medeo(1283910f a Long Term Evol ution (LTE) networ kCthBraet®sized 2as
being configured to maintain a packet swi tched session with a wireless
term nal (30) upon 3establishnment of a circuit switched call involving the
wreless termnal 112. The apparatus of claim11l, wherein the node
conprises a controller configured to 2order the wireless termnal to nove
to acircuit switched network for accommodating the 3circuit swtched call
wi t hout releasing a packet switched bearer of the packet sw tched session.
113. A method of operating a base statign node (28) of a Long Term

Evol ution (LTE) 2network conprising: 3participating in a packet sw tched
session with a wireless termnal (30); 4the nmethod being characterized by
5t hen mmm swi tched session with a wireless term nal upon
establis ‘Wi t chedcal | i nvol vi ngt hewi rel essterm nal. 114. The
nmet hod of claim 13, further conprising maintaining the packet sw tched
2sessiion by ornderA mgretehe tanininal €¥8 chamoikeiiald dscbaimy eonifiguiied ab medinthinsavpadkbie d

net wopk Wt@l?elﬂit session with a Long Term Evolution (LTE) radio access technology network upon

3 establishment of a circuit switched call and to multiplex transmissions of the packet switched

4 session with transmissions of the circuit switched call.
1 2. The wireless terminal of claim 1, wherein the wireless terminal is configured to
2 maintain the packet switched session during at least a portion of the circuit switched call.

1 3. The wireless terminal of claim 1, comprising:

2 a circuit switched call controller (42) configured to establish the circuit switched call
3 and to govern the transmissions of the circuit switched call;

4 a packet switched session controller (44) configured to establish and then maintain the
5  packet switched session including the transmissions of the packet switched session upon the
6  establishment of the circuit switched call;

7 a communications interface (40) configured to perform transmissions over a radio
8 interface including the transmissions of the circuit switched call and the transmissions of the
9  packet switched session.
1 4. The wireless terminal of claim 3, wherein the packet switched session controller
2 (44) is configured upon the establishment of the circuit switched call to:

3 receive an order from a node of the LTE network to move to a circuit switched network
4 for accommodating the circuit switched call;

5 refrain from performing a routing area update and a combined routing area/location
6  areca update;

7 re-establish a packet switched bearer in the LTE network.



3rel easi ng packet swi tched bearers of the packet sw tched session and by
not requesting rel ease 4of the packet switched session. WO

2011/ 0739 ORCI/@BA010/ 055816 30 115. A nethod of oper at Pa@/IB200@NFREIG cat i ons
system conprising a circuit switched 2 network and a Long Term Evol ution
(LTE) radio access technol ogy network, the nmethod 3conpri sing:
4est abl i shing a packet swi tched session between a wireless termnal and the
Long Term 5 Evolution (LTE) network; 6the nethod characterized by: 7during
t he packet switched session establishing a circuit switched call between
the 8wireless termnal and the circuit swi tched network; YQupon
establ i shnment of the circuit switched cg | maintaining the packet sw tched
session 10 with the Long Term Evolution (LTE) radi o access technol ogy
networ k; 11multiplexing transm ssions of the packet switched session with
transTissions of .t he.

5. The Wireless terminal of claim 3, wherein the packet switched call controller is
2 configured upon the establishment of the circuit switched call to:
receive an order from a node of the LTE network to move to a circuit switched network
for accommodating the circuit switched call;

perform a Location Arca (LA) update but not perform a routing arca update or a

o U1 b W

combined routing area/location arca update.

6. A method of operating a wireless terminal (30) configured to communicate with a
Long Term Evolution (LTE) radio access technology network and a circuit switched network,
the method comprising:

establishing a circuit switched call with the circuit switched network;

the method characterized by:

maintaining a packet switched session with a Long Term Evolution (LTE) radio access
technology network upon establishment of the circuit switched call; and, upon the
establishment of the circuit switched call,

multiplexing transmissions of the packet switched session with transmissions of the

O W 0 oy U w NN
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circuit switched call.

=

7. The method of claim 6, further comprising maintaining the packet switched session

N

during at least a portion of the circuit switched call.

8. The method of claim 6, further comprising, upon the establishment of the circuit
switched call, the wireless terminal:
refraining from performing a routing area update and a combined routing area/location

arca update;

g oW N

re-establishing a  packet  switched bearer in the LTE  network.

9. The method of claim 8, further comprising the wireless terminal further refraining
from:

suspending a packet switched bearer for a circuit switched network upon the
establishment of the circuit switched call; and

g oW N

resuming the packet switched bearer after termination of the circuit switched call.

=

10. The method of claim 6, further comprising, upon the establishment of the circuit

2 switched call, the wireless terminal:



12circuitsw tchedcall. 116. The nethod of claim 15, further conprising
mai nt ai ni ng the packet swtched

2sessi ondwoizngat7BEast aporti onof t heci rcui t swit chedcal | . PCT/ABXheosssichod of
claim15, further conprising, during the establishnment of the circuit
2swi tched call: 3a node of the LTE network ordering the wirel ess term nal
to nove to a circuit swtched 4network for acconmodating the circuit
switched call; 5the wireless terminal refraining fromperformng a routing
area update and a conbi ned 6routing areal/location area update; 7the
wireless termnal re-establishing a packet switched bearer in the LTE
network. 118. The nethod of claim 15, further conprising the wreless
termnal perform ng a 2Location Area (LA) update but not perform ng a
routing area update or a conbined routing 3areal/l ocati onareaupdat e.

3 receiving an order from a node of the LTE network to move to a circuit switched
4 network for accommodating the circuit switched call,

5 performing a Location Area (LA) update but not performing a routing area update or a
6  combined routing arca/location arca update.

=

11. A base station node (28) of a Long Term Evolution (LTE) network characterized
as being configured to maintain a packet switched session with a wireless terminal (30) upon

3  establishment of a circuit switched call involving the wireless terminal.

1 12. The apparatus of claim 11, wherein the node comprises a controller configured to

order the wireless terminal to move to a circuit switched network for accommodating the

3 circuit switched call without releasing a packet switched bearer of the packet switched session.
1 13. A method of operating a base station node (28) of a Long Term Evolution (LTE)
2 network comprising:

3 participating in a packet switched session with a wireless terminal (30);

4 the method being characterized by

5 then maintaining a packet switched session with a wireless terminal upon establishment
6 of a circuit switched call involving the wireless terminal.
1 14. The method of claim 13, further comprising maintaining the packet switched
2 session by ordering the wireless terminal to move to a circuit switched network without
3 releasing packet switched bearers of the packet switched session and by not requesting release
4 of the packet switched session.
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15. A method of operating a communications system comprising a circuit switched
network and a Long Term Evolution (LTE) radio access technology network, the method
comprising:

establishing a packet switched session between a wireless terminal and the Long Term
Evolution (LTE) network;

the method characterized by:

during the packet switched session establishing a circuit switched call between the
wireless terminal and the circuit switched network;

upon establishment of the circuit switched call maintaining the packet switched session
with the Long Term Evolution (LTE) radio access technology network;

multiplexing transmissions of the packet switched session with transmissions of the

circuit switched call.

16. The method of claim 15, further comprising maintaining the packet switched

session  during at least a  portion of the  circuit  switched  call.

17. The method of claim 15, further comprising, during the establishment of the circuit
switched call:

a node of the LTE network ordering the wireless terminal to move to a circuit switched
network for accommodating the circuit switched call,

the wireless terminal refraining from performing a routing area update and a combined
routing area/location arca update;

the wireless terminal re-establishing a packet switched bearer in the LTE network.

18. The method of claim 15, further comprising the wireless terminal performing a
Location Area (LA) update but not performing a routing area update or a combined routing

arca/location area update.



