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BACKGROUND

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

20  called, for example, a “NodeB” (UMTS) or “eNodeB” (LTE). A cell is a geographical
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.

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

connected (e.g., by landlines or microwave) to a controller node (such as a radio
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than to radio network controller (RNC) nodes. In general, in LTE the functions of a
radio network controller (RNC) node are distributed between the radio base stations
nodes (eNodeB’s in LTE) and SGWs. As such, the radio access network (RAN) of an
20  LTE system has an essentially “flat” architecture comprising radio base station nodes

without reporting to radio network controller (RNC) nodes.

Cellular Circuit-Switched (CS) telephony was introduced in the first generation
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

25  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
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

30 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-

users (higher throughput, lower round-trip-times, etc.).
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All of these four possibilities have drawbacks. In deployed GSM networks that
do not have Dual Transfer Mode (DTM) capabilities; 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

20  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
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.

25 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
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



The ADM solution attenpts to achieve a good PS connection in parallel with
the tel ephony service when in LTE coverage but still reusing the | egacy CS
core and wepboyewi®&SM net work for the tel ephony servi cePCO/IBBAVOHSTOSt S but
still maintain 25good coverage for thé& tel ephony service. The ADM
solution may be inplemented in several ways. A first exanple

inpl ementation, 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 exanple inplenentation, illustrated by Fig. 1B, is a network

assi sted sol ution which 30can either be based on circuit switched fall back
(CSFB), or a solution that only reuses paging over LTE. WD
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of GSM CS voice are interleaved in between LTE transmissions. See, e.g.,
15  PCT/SE2007/000358, which is incorporated herein by reference. In one example
implementation of such an ADM solution a wireless terminal simultancously
communicates with two TDMA-based radio systems, e.g., the wireless terminal can
maintain communications paths to both systems by means of alternating in time its
communication between the two systems. The toggling between the two systems is on
20  atime scale small enough to effectively yield a simultaneous communication between

the two systems.

The ADM solution attempts to achieve a good PS connection in parallel with
the telephony service when in LTE coverage but still reusing the legacy CS core and
deployed GSM network for the telephony service to reduce costs but still maintain

25 good coverage for the telephony service.

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

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

paging over LTE.



SUMVARY In one of its aspects the technol ogy disclosed herein
concerns a nethod of operating a wireless termnal. In accordance with
general awoO=0ofo781@ nmet hod, the 25 wireless term nal senddBz1o/esfamst to
participate in a circuit switched calb with a circuit switched network.
Prior to establishnment of the circuit switched call the wireless term na
rel eases or perforns an inter-radi o access technol ogy handover of an

exi sting packet switched session with an original packet sw tched network.
The circuit switched call is established with the circuit sw tched networKk.
The wirel ess term nal 30then reconnects to the packet switched session to
obtain a reconnected packet switched session. Thereafter the wrel ess
term nal interl eadgsmpackbtd pswptahvedtier ADMrissbitionsanfbe Mfized in any of three

2011/ 073913P /.05 : i i ith
2011107395 T MERRALOSRRE o ORISR e AL 5ot

enbodi ment  arldl rduesmiseions tconld bhenuljipleked svithethei (M Jemamisgions raaqus®Mt o
par Ej i ci pgt e ITl?mg ﬁgﬁié' v Ihcﬂ‘l§¢2ﬁ?!fﬂanﬁ9m GSEF t&ﬂﬁni‘é‘%ié&hﬁﬁﬁfr&ﬁ%ﬁbf‘@ﬁE

sendi ng 5an extended servi reque nmessage 10 an evol ved packet cor

net wor k and itﬁalﬁ@ésﬁioﬁﬁﬁ%‘ﬁa‘ﬁ%ﬂ%t %’arﬁ%%é@df%r r{f%ﬁrsr %X%n%if’l%é‘l‘lf“é‘i’l}ﬁe&“’éi’srtgﬁ‘it
sw t ched f al lthb&SM epetiatividiched (CS) teléphoan sexarpdrty @sdddi kihitateacudletD Wehdnhe
act of the r necting to the cket switch i urther .co i 5es
The ool oss BANE RS B HPRL AT AN EEACEATIINR hE Moo WEPRL RS |
Evol ution (LTEyr.radi o access network after the circuit 10switched call is

est abl i shed. In an exanpl e enbodi nent and node the wirel ess term na

foregoes perform ng a routing update procedure.. . An exanpl e enbodi nent
and node further pgeoBnd cxHaplgiradip-sedized pppodimeneiypticdinsitigedBy thad TRap
to the Long TememEydhsith@n telnhifliplered &ifCie ISNIaENENlsedis b EIMBufsttiovel.

i ndi cat e U1 gL Ane Sai o0, nLer ol TR Nt SARDST §359 Aer Ragke!
operation, after having sent one burst, the Rx/Tx part sleeps for 7*0.577 ms until it
wakes up again and do a new Rx/Tx process. In this second example this time gap

could be used for LTE transmissions.

15 As a third example radio-realized embodiment illustrated in Fig. 2C, any of
above can be used for transmission but by using dual receiver for simultancous

reception of GSM and LTE in the downlink for simplified operation.

The architecture and principles of the circuit switched fallback (CSFB) are
defined in, e.g., 3GPP TS 23.272, Circuit Switched Fallback in Evolved Packet System,
20  Stage 2 (Release 8), which is abbreviated herein as “23.272” and which is incorporated

herein by reference in its entirety.

SUMMARY

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

operating a wireless terminal. In accordance with general acts of the method, the

25  wireless terminal sends a request to participate in a circuit switched call with a circuit
switched network. Prior to establishment of the circuit switched call the wireless
terminal releases or performs an inter-radio access technology handover of an existing
packet switched session with an original packet switched network. The circuit
switched call is established with the circuit switched network. The wireless terminal

30  then reconnects to the packet switched session to obtain a reconnected packet switched

session. Thereafter the wireless terminal interleaves packet switched transmissions of
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establ i shed the Cllh(‘aw @g}( t&ﬂ&ﬁiuﬁ@ﬁtla g‘lﬁ&iett!ﬂ@ aft 6tcﬂigtrec%%é&1lﬁgconne%‘ﬁﬁ<g‘ﬂ

and reconnect to t swi tched session to obtain a r
packet swi th@ﬂtCB%ﬁsﬁﬁn fwﬁ@r\ﬁpmén@ﬁhq wHACHalcRaksenAvR ddEs ki sueacgrdate

swi tched recanngsdd an aUDbﬁg Qlerid BBt WML TR fladi@ CRBES CHLRBrkl @QérC the Thigcuit
W rel ess erm na nfigured to interleave packet sw tched

transni ssi onsgwdtf:l“?ck%aurlé(‘?%tﬁﬁésct}f’@d packet switched session wth voice

transm ssions of the circuit switched call. 15In an exanpl e embodi nent the
w rel ess term nal IL%hteggﬂlp@%%rohﬁﬁaltan& oGt wircless terminal foregoes performing

a routing update procedure.

An example embodiment and mode further comprises the wireless terminal
sending a scheduling map to the Long Term Evolution (LTE) radio access technology
15 network to indicate time transmission intervals (TTIs) that can be used for packet

switched transmissions.

An example embodiment and mode further comprises configuring a feature
group bit of the wireless terminal to prevent an inter-radio access technology packet

switched handover.

20 In an example embodiment and mode the wireless performing the inter-radio
access technology handover comprises handing over the existing packet switched
session from the original packet switched network to a wideband code division multiple

access network.

In an example embodiment and mode performing the inter-radio access

25  technology handover comprises handing over the existing packet switched session from
the original packet switched network to a GSM network to obtain a GSM dual
transmission mode packet switched session; and further comprises the wireless terminal

suspending the GSM dual transmission mode packet switched session and then sending



switched call controller; a packet switched session controller; and a
comuni cations interface. The circuit switched call controller is

confi gur edot2011gesEBat e a request to participate in a ci PCuimB2wissted cal l
with a circuit switched network and t#ereafter control the transm ssions of
the circuit switched call. The packet switched session 2 0 controller is
configured, prior to establishnent of the circuit swtched call, to rel ease
or performan inter-radi o access technol ogy handover of an existing packet
switched session with the original packet swi tched network, and thereafter
to reconnect to the packet swi tched session to obtain the reconnected
packet swi tched session. The packet switched session controller is also
configured ta ttakimrgodred npdwarinesdagnso ofohpdepadketutidb (EWE) chiled asessiadworkThe
CO”“U“iCatiOQ%ergﬁ{cégfotﬁeg8ﬂ£{a»&§8d58395rfOfﬁl e.g., transm ssions of
the circuit swtched transm ssions of the packet sw tched session.
In an exanpl e enbodi nent the circuit switched controller is configured to

send an ext ended Slﬁré(ﬂec%fﬁ%%'s%%&tsnfﬁ@St@&ﬁlold%}ﬁ&sa%%d\/ﬁgreﬁﬁ%lﬁﬁéerﬁoﬁewﬂf@l%work
and to indicate 30t hat tt;og W reless term isto B,er orm a CIl‘CUIt

swi t ched fal I'*HAEY Gpahisof SAMMUsabpg 11 é%@é@@@ﬁﬁ&é eie) ouTgntde HesRsF«

after thesci ring wlrawSttainﬁdalqabénﬂgslr@Btbabﬂld 8 heledtas pheicpaneata d‘mgutt@wﬁtblecd
packet SW tCheﬂ S| Oercult swit ed ew T ells% epbOd ?r?ln%.ntlji]l er-ra 1cu£u;[cess
swi tched call controlal I's coﬁl;rl gure 8 pp ormng a ut'i i ng

updat e pr ocedmlmomfydraedo‘hae i anccmtn@vxpmkhtedwmeﬂ Sﬁslcﬁemtaban glngdal packet | n
an exanpl e e"é‘%ﬁféhé@%w&&ﬁ ﬂ?ﬁa‘f ktStes%‘NhElﬁH&ﬁ S5 it & & !as?atﬁf%ﬂéd gy ed

to send a sch cﬁ Long Term Evol ution E radi o access
t echnol ogy netiigstt I@Wﬂ‘@hﬁ’ afill&éw@ the rRaCu g iehed ngthyv arkt mgﬂcgnr(e?frr%}het pagkelcan

be used for psaxﬁﬂéﬁéd sWsianhed obfa%ﬂ%n}e%ﬁmw&&d gac@def\ svitcodaRikRne Mradi weelksst he
W reless ternnal rther %orrprlsglg ‘ﬁ H rou Menory co I’ISI glgad
feature grou rﬁ‘i“fla UShMelidey it iRgEF R asy %‘6 elFé nneg OR I} OF JRHCE L, SRAERS
t echnol ogy pa‘ed!(mtne&wmt khed hhadoebess terminal is ﬂmhamoaﬁguqaﬂe;oen‘@dda\reepﬂckbthe

packet sw tC*E%cE@f%!r&@m‘PsﬁfbhE %1} dhe '1%\;&1‘?1@&%%“15&%1 %\ﬁzﬁﬁﬁé st gﬁﬁl e of

t he existing pac rom the orrgi W tch
network to at%m@@b@@ﬁs@Bﬂ@cﬁpvigwwﬂ@ﬂcﬁﬁlt|pIe access netmork In an
exanpl e enbodi nent the packet swi tched session controller is configured to
perform ng a handaver of atl n acket swi tched session fromthe.
ori gi nal 1gacket st dnhe ‘i’\%ﬁ’ﬁ DIFRASHAFRIEY BDS FomaPTéssRaag eigguit
transni ssi on slmtdﬁecpaﬁkebntﬁoﬂet Cmpﬁbl@esmtdﬂ:,d @8dont soittttllcheindcoBbmglunedtioms
suspend the GSM.dual 20 transms acket hed Sessl 9N and hen
Co Send a tr ARErS ar DS S B SR BERT SRS Ko TR e BEREL TR S o
access net worparticpate er @neieniti mtqhod tdaé widle Iaectlrcmw sveibabdd sesscprbmnd thercafter
anot her of itg,asP@G! SadshssidRs "HNhQ%Yrcﬁlﬂt %%t@ﬁ&fjczﬂﬁr ihQ &Qﬁ&e{&lﬁzh@d %@ésﬂﬂld of

oper at i ng@a comuni cat1 ons system The t ho onprises _providing a packet

25 switched se8ypiy ipeenisarcdapiipy @ eégabhﬁfmﬁt ﬁﬁrhemuﬁﬁweipliwgﬁ Gl topgtaeas or
sw t ched net Vpﬁfﬂgrmﬁlﬁ 1ﬂ/tb1f-1%ﬂﬁ‘>$§cc%§f tscﬁﬁdlogﬁrr?dﬁd@«ef %ﬁ%stmgtmgogaduet:ls%b&d n a
circuit switched ca t.Cc et
st bl | shencesyor Rt it etieal pidieha e TRl o et & richapect &t tses
or performs gackatseitchaliiossiac testgainebhirobogyted gadat switoliedasessaon. sThaygacgeck et
swi tched sessiannti LR QRlEI0Ak RISk Ghashe AL TREEEal Slcket

25  switched session. The communications interface is configured to perform, e.g.,

transmissions of the circuit switched call and transmissions of the packet switched

session.

In an example embodiment the circuit switched controller is configured to send
an extended service request message to an evolved packet core network and to indicate

30  that the wireless terminal is to perform a circuit switched fall back operation.

In an example embodiment the packet switched session controller is configured

to send a tracking area update message to a Long Term Evolution (LTE) radio access



30a circuit switched call is established between the wireless term nal and
a circuit WD 2011/073913PCT/ 1B2010/ 055820 10 switched network. The

wi rel ess wernimabdiBhen reconnects to the packet sw tche®CTaBR1ONSBW obt ai n
a reconnected packet sw tched session9 Thereafter the wirel ess term nal

i nterl eaves packet switched transm ssions of the reconnected packet

swi tched session with voice transm ssions of the circuit switched call. 5
BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoing and ot her objects,
features, and advantages of the invention wll be apparent fromthe

followi ng nore particular description of preferred enbodi nents as
illustrated in the acconpanying drawi ngs in which reference characters
refer to the manekpaiar she birouglwuthddheall ar estabdishidevm. reddrmedimmings packenot
necessarily tgvﬁ fid] &sidQenphasi s instead being placed upon illustrating the
principles of the i Aventi on. Fig. Ais a diagranmatic view
illustrating a fully UE centric solution ADM sol ution where no coordi nati on

i s needed between g a%ﬁ%ﬁlec&ﬁﬁoc@ﬁl@ntathygﬁcf D RER call controllerFé genﬂgﬁrécﬁtoa
diagrammatic view illustrating a network agftlg%tt{??? ADM sal ution_ which can
I

ei ther be bas8tFE8nPLELTFAY Ba%ﬂk‘“El%:SFf’é?te Bfoc nthe pafeugniyitdhegsed! is
pagi ng 1550vesktablighed. Fig. 2A, Fig. 2B, and Fig. 2C are differing
exanpl e radi o-realized enbodinments illustrated of ADM solutions, with Fig.
2A showi ng an enbodi nent conprising a single receiver/transmtter with GSM
at half rate and rinlanicghsgicrantmdiaet Ddpdokansviloboeksssiohgon2le howmguad

enbodi ment Cqmg%ﬁéh @&&u@h%ﬁlaﬁ th %@%Mﬁ /réﬁﬁﬁ%mu%gr L’I*‘E% Pad?@ﬂ&&'eéé @Eﬁi&l%raon

a bur st perlod evel an enbodi nen risin

recei ver/ si ndletverkalesidicatsy t time transmgs§sipn Qltﬁif%al‘é @?rb%rtbﬁ*ﬁw‘é&nl pe W‘%S’wf‘%fe?)arcé?‘i ng

a W rel ess teafnichéd trpandisséd@at i ng in access division nultiplexing (ADM
with a LTE network and a GSM net wor k. Fig. 4 is a diagranmatic

vi ew of aspects of the technol ogy disclosed herein 25when originating a
circuit 38w tched daldn éxaomla ewiboéiness theemimclead ternWdl further comprises a feature

2011/ 073913PC§H)&1:!3§1%&1%4)9 5&%&9&1@ a feature group bit which is configured to prevent an inter-

radio access technology packet switched handover.

In an example embodiment the packet switched session controller is configured
to perform a hand over of the existing packet switched session from the original packet

15  switched network to a wideband code divisional multiple access network.

In an example embodiment the packet switched session controller is configured
to performing a handover of the existing packet switched session from the original
packet switched network to a GSM network to obtain a GSM dual transmission mode
packet switched session; and is further configured to suspend the GSM dual

20  transmission mode packet switched session and then to send a tracking area update
message to a Long Term Evolution (LTE) radio access network for reconnecting to the
packet switched session

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

operating a communications system. The method comprises providing a packet

25  switched session between a wireless terminal and an original packet switched network.
The wireless terminal sends a request to participate in a circuit switched call with a
circuit switched network. Prior to establishment of the circuit switched call, the
wireless terminal releases or performs an inter-radio access technology handover of an
existing packet switched session with an original packet switched network. Thereafter

30 a circuit switched call is established between the wireless terminal and a circuit



11 Fig. 6 is a nore detail ed schematic view of an exanpl e enbodi nent
of a wireless termnal showing a platforminplenentation Fig. 7is a
f | onchar twehowwaigeisepr esent ati ve, basic acts or steps i RCITAB®A0/MNIF8W generi C
nmet hod of operating a wireless term n@l according to an exanple node. 5Fig.
7A, Fig. 7B, and Fig. 7C are flowharts show ng representative, basic acts
or steps included in various exanple nodes which are vari ati ons,
enhancenents, or nore detail ed exanples of the generic node of Fig. 7.

Fig. 8 is a diagrammatic view showing logic for the cases of originating
and termnating a GSM call and the systemis not using | RAT packet sw tched
(PS) 10handover (HO) . Fig. 9 is a diagranmatic view show ng the | ogic
when | RAT packetchshinktitekl. (PR viharidovierminhiOrhansresompmotst tod theDRESERI BWittied n
the follow n C 0 apat:i.on 1. L on
15 specific g%g&§1g5g%gﬁg§,k%51&%&B.@%%ggéwgﬁggcgﬁggﬂargﬁﬁFgg%u&kmkﬁaké
interfaces, tlewhnilgoisslcaves paclan syiteead ttf@lsml&smna@f sha 1wepmnggted paeleat §W&ﬁ]éﬁdng
of the presentsdidhv@nh voRe tHRWENGSns diithdkikduiliQiRRBREANt to those skilled in
the art that the present invention may be practiced in other enbodinents
that depart fromthese specific details. That is, those skilled in the art
w || be abl e BRIEEDESCREPTION OF THRJBRAWENGSI ch, al t hough not explicitly
descri bed 20 or shown herein, enbody the principles of the invention and
are included wit hiTheifoscgopigrand aind cbompe features ane aldnattages e thadievenitloadwill

descr i Pt ons @l anfilds KARCASHOGER mSr Sty RURNAYR. Bhes RbLGHR0 oo

not to obscure escription o sent 1nv unnecessary

detail. Al gswallesstrdsingbe apqonpapyng siawingn el yhisy, refesgise charaglges refeséeliitent s

of the inventdRR pads tMRuLhAS tﬁ@@&rﬁéﬂs%@%@”ﬂh@%ﬂxﬁﬁ%@@ﬁe ndAMRcéRi@pdedcile, 25
enconpaSﬁQboth tructura S, t her eof Addltlonally,

and_ functio i val en
i s i nt8ndedRiasiE IsiRef belpginlaged Hpn ﬁﬁéﬁr%}ﬂ‘@ Ao PHICRES &hie iRt

equi val ents as well as equival ents developed in the future, i.e., any

W0 2011/ 073913PCT/ TE2bdY Guuiagr pane VIE ipGhA P Y, g A PLRAF sSiyiph Afg"r

appr eci at ed bplutivosdesking ¢aadinatiarhie naq:ctedthameeblad&W(ﬂSagmramd hérldi IS cem.
represent conceptual views of illustrative circuitry or other functional

units enbodying the principles of the technology. Simlarly, it wll be
appreci ated that dn§ B otwacizgragmate yiy ﬂl?‘%‘ﬁ%‘il% 3l gl rastitied g Matdgia,

and the |ike ‘bhick eff €8RRAbe Bafeld QU PrOBLISES M) 6h oAYti REhSLETY adikéspdaihg
represenﬁ%d in c]g uter readabl e nedi um and so executed by a conmputer or

processor; wfeth not such conputer or processor is explicitly shown.

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

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

20  multiplexing on a burst period level; and Fig. 2C showing an embodiment comprising a

dual receiver/single transmitter.

Fig. 3 is a diagrammatic view depicting a wireless terminal participating in
access division multiplexing (ADM) with a LTE network and a GSM network.

Fig. 4 is a diagrammatic view of aspects of the technology disclosed herein

25  when originating a circuit switched call from a wireless terminal.

Fig. 5 is a schematic view of an example embodiment of a wireless terminal

capable of access division multiplexing (ADM).



The functions of the various el enents including functional blocks,
including but not limted to those | abeled or described as "conputer”,
"processow0 20r1/078matrol l er”, 10 may be provi ded throughPCiaB2aeozsR2thar dwar e
such as circuit hardware and/or hardwdre capabl e of executing software in
the formof coded instructions stored on conputer readable nmedium Thus,
such functions and illustrated functional blocks are to be understood as
bei ng ei ther hardware-inpl enented and/ or conputer-inplenented, and thus
machi ne-i npl enented. 15In terns of hardware inplenentation, the functional
bl ocks may include or enconpass, without limtation, digital signal
processor (DSP) hardware, reduced instruction set processor, hardware
(e.g., digital or Kgabag)a aiare uictailyd isalidmidicngichudt motexaimpld eotbodiment of a
application i , and (where appropriate)
state machi nég?%g%att 1&1?9%@@%%%&}}11 c}ﬁél?%ﬁ%qgons. 20l n ternms of conputer
i npl ementation, a conputer is generally understood to conprise one or nore

processors or one @ T & Whi®lshék g R ﬁ&sénhlﬁwfeeﬁm GQIBHERDs miud%aqﬁeassor

and controller ‘)s/ & gmi)l oyed int er eabL%/ herein. Wen @\W%‘!@ ded by a

conput er or pIEBEESEEY060! €8 E“F%ﬁ%‘éfﬁre ‘iCBWé“gntQ;?nt?émﬁP d by a

si ngl e dedi cat ed conputer or processor or controller, by a S|ngle shar ed

conputer Qr proce t ural it

AP e e e R e IO G R ST R

di stri but ed. dvmt@smecludmsel mrlctuseemmp&n todec ededr dre orariagors reolllaneeﬂlelsthad)ﬂ

al so be const r abl e of perform ng such
d’?&%@le{aﬂeﬁ @ia‘?ﬁgpl fothg' géneﬂ@ n‘\j(ﬁf%as : %@

functions and/ or executin e exanpl e hardware recited
above. The technol ogy dlsclosed herei n provi des enbodi nents and nodes

V\m[) Iei n t |hte BP CiHig, us]g fis §VM15g¥ﬂﬁﬂlaﬁ@-|Vieb\a§llﬁ)Cv&Slﬁ§E@1c 56! thel da@esl @f dnﬁfglﬁm@d
ena e nu | exl (0] S VOl ce |
Vbbi | o communFEurngw ¢ R Sl o e Sl Pk BB, 283 R B rer m

Evol uti om0( L'Ifﬁ)ldO\E}lrgHO$ illustrates an exanple

2011/ 073913PCT/ 1B2010/ 055820 13 context and for one aspect of the

t echnol ogy di scl osed herei n wherein user equi pnent unit E% or wireless
terninal 30 can pdiigi Tipadagamaeicesiswdihpmgnd thentokici \ph@ul(% CAEHY switelhed wo
radi o _access (pSehiRbLOSYHIBLYRAIIperbM Parallel. Fig. 3 shows a cell of Long
Term Evol ution (LTE) network -1 and a cell of dobal Systemfor Mbile 5
communi cation (GSM network 22-2 (a 2G network). The LTE network 22-1
conprises a PESCRIRTION or eNodeB 28-1 while the 2G network 22-2 conpri ses
base station 28-2. As nentioned above, the LTE network 22-1 does not

provi de circui t svinttbhddll¢vdsy desenptioas forspurpbats @ eMplamheos ahé mot malitaBion,
participating,

st ¢ ur -t o REaTR BFARE p el R A U 5 el R e o
(CS) servi cesm order to mieyideacthamushyndirsiandiss 6f Memsesaniigxenies. tHeveygs dlemlli s
using the netBMﬂﬁaﬁb’ﬁﬁ't&ﬁ%@e SRl 1P thcSHE hAhd PRbeRasestion Iﬁzkyebe? aPnEéQi mase
8 CSFB and as general | Cri bed n PCT/5E 7/ 0%518 The g\ 5}

t echnol ogy hetEr<gipd ?ﬂéSt LichaH it re hat p T é881%n
is rel eased vdnemlﬂ@d Ablo® &m@e@mﬁﬂﬁﬂ@@aﬁeﬂm@ﬁ%oghdmpbmmly destiileed
net wor k) I nst ea rele he LTE PS sion when .fall.in ack, to GSM
esul t hgCi n Wonef k8 oRRbas, bbbt F DA a8 PR E ooy
di scl osed herspirrt amsl espabl Insbeme amlanpsesdettmedmﬁcmlcmseﬁ Wﬁlldmpwngdetvms
duration of the,@EMidahtthodhs JHBABE b ARtol S WA ﬁl%sdetsﬁliﬂﬂoﬂaof’ tht $r&l@n@

wi rel ess termnal-centric approach,_ has the responsibility to reconnect to
the LTE PS sdB¥gnbiqniwith pnnecessary detail. All statements herein recmng principles, aspects,

and embodiments of the invention, as well as specific examples thereof, are intended to
25  encompass both structural and functional equivalents thereof. Additionally, it is
intended that such equivalents include both currently known equivalents as well as
equivalents developed in the future, i.e., any elements developed that perform the same

function, regardless of structure.



20 is capable of doing time division nmultiplexing between GSM and LTE. The
t echnol ogy di scl osed herein thus optim zes the 3GPP Rel ease 8 CSFB
approach.wo2011/F8g3 4 illustrates aspects of the technolPegyBileeisezed
herein when originating a circuit swiched call fromwreless termnal 30.
The exanple of Fig. 4 shows the case when a wireless termnal in a LTE PS

session is originating a GSMcall. 25In step 1) of Fig. 4 the wireless
term nal has an existing LTE PS session. In step 2) of Fig. 4 the wirel ess
termnal originates a voice call, and the systemeither perforns an

inter-radi o access technol ogy packet swi tched (PS) handover (HO of the PS
session to GSM or (if the system does not support |IRAT PS HO the LTE PS
sessi on i s rel easéthus,Tie ewamplee gswillebarappatciged by rthascaskilledah ithe adntkes ipdat e

(LAY and 30 Rity %BQIQL 'l‘?el?aﬁ &alﬁere;)%s%ﬁ %%Megtu%[} v%g\%a o§)1118£tralt: IVE'I%IACIBER? OW 5tﬁgre SS

term nal perfor atra

| RAT PS HO vvafgn@wpipbrltlléﬁ ennbﬁd-sﬁng Hiee mtycmtsv@efsf tthactkchﬂ@&pgps Sevidarbn it @wmﬁ | i

the PS sessi oag VRmtddelhaaa e flohhethrish eaFAFAds R AN ﬁlstﬁ&uga_c%dgsmﬁﬁﬁé' 190
VO 2011/07391

CT/ 1B2010/ 055820 14 Fig gg an exa generi c,
and basi ¢ enDBRICHIAt v AI0U IFRTcass PAISH AR B0 su a@wﬁnrww 13 CUPWSTes s
term nal 30 aemablesmsmmmms@amgmedl by ardoagrited(ir @bcassidr] whethiee e doc alidh
controller 42Om P acrko%gs r1sexhle 1 sOS|non controller 44. The circuit
swit ched cal ICOntT Of P48 PSRBT %-‘( Ured to establish the circuit swtched
call and 5 to govern the transm SsSi ons of the circuit switched call. The

packet sw tched segy fﬁﬂctfb%‘gf Bl \BFiodé elbﬁeﬁt@ Mdh&lﬁ%é?ﬁm%ﬁor% bRRkd, %ﬁblgtpﬂ% put

mai ntain the packet sw t ched session I ncludin Jtransm ssions €
packet swi t cHiY laied; tgrfhospolapelpd Oéﬁiasqr'fbédﬁécre@mp%wtca@&e@efss@rorpoe%mkl%,l | er

44 incl udes, rBaybe pﬂé&ﬁilé@&hr%u\gﬁ thidede 6&5@5@@@%@@ ad &gdet hBdwab@nd/or hardware

conmuni cati ons I‘tﬂt er.f acet40 | confi &g% %ﬁ (fior rp Lr ansrp al ons OVLﬁ

radio 1 0 | rMERIHROE RGO ERe™ HPsTi GRS SPHHRROTE F G s TR Ed
call and t he rtadmbkninsdiuons This,t shxehrﬁan&einswmdt itlogichted igictinnal blocks &ego @

shows a nore . rein
certain funct@gﬁlghota ?‘g%ﬂgé gw? Rﬂ‘% zeg£ %18 %8/%? Séﬁgmgpglﬁplgglg@ag‘%gﬁm
60. The ter nmithe Daghingimplemenedi s a way of descrl b| ng how t he functl onal
units of a 15 conmunications unit or node can be inplenmented or realized by
machi ne. _One exa | at nmput er | ement atj on wherein _one or
more of tHe el eme flste?%ﬁégawarq Heplggentatin. Jg? ﬁan%@flglnfe}@dﬁ e ddye or
circuit sw tcﬁﬁeﬁinpassh ] vttt dinhieitioA2 dagithl mgﬁaﬂatprsmtcﬁheldsme&srmr@oretinoddl er
44 (and its pa F] svvltched rego Qnect on Iog i n) n. Qn

8 %I‘ al.Or_ana

bPRSrcr FRARERL (<h, bG8 Cor ihioan WirgRTAAMRRE bupnat.

i npl ement at i on _
even ot her f Unuitddotakpplicesors apediiac nré%ratpéobut@ylt@héA(SilC}mmé (phote smwopriatkl ch

execut e COde(%td:télﬁ{aEMﬁié &@gblgtoga &forhfin TBIRT Mncftﬁ ﬁerenon transitory signals)

in order to performt arlou acts descri be In such a conputer
i npl ementation the wireless termnal can conprise, in addition to a

processopfs), a nHHQEMnsS@ﬂEd)Iﬁgut@QuﬁW@in@HtahbhtaUEdShlﬁ@tBr GOfHetBIS GiRREMFDdALC eSS

64; d | | t h st
o0 coded’ (CORPOE PO SE Bty Soce SR oE SR e %’&%ﬂérsp%cﬁﬁ@' I SR or m

acts descri bemdlpem@ssm)r andnchtanhlyr olahée cmphmrey iftstobingesblg detven. Mdien provided
exanpl e) . i fi | Ly

wreless ter m “nal @&g%ﬁ%@&%@%%ﬁ%@gﬁ% 'S S fg':lég%hgs?ieﬁdl% #’%P%&gg 2 %91 le
conpri se cer td&disaicdgampoigr puprogesisersorgyontroller, by a single shared computer or processor

25  or controller, or by a plurality of individual computers or processors or controllers,
some of which may be shared or distributed. Moreover, use of the term “processor” or
“controller” shall also be construed to refer to other hardware capable of performing

such functions and/or executing software, such as the example hardware recited above.

The technology disclosed herein provides embodiments and modes wherein the
30  circuit switched fallback (CSFB) solution is improved to enable multiplexing of circuit
switched (CS) voice in Global System for Mobile communication (GSM) with a packet

switched (PS) session in Long Term Evolution (LTE). Fig. 3 illustrates an example
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(e.g. m cwophong}9132; visual input device (e.g., canerapPCTAB20wd/835820 out put
device (e.g., display 76); and audi o Butput WO
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30(6). In the exanple of Fig. 6 the platform 60 has been illustrated
as conputer-inplenmented or conputer-based platform Another exanple
platform60 for wireless 5 termnal can be that of a hardware circuit,
e.g., an application specific integrated circuit (ASIC) wherein circuit
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wireless term

1sclosed herein thus optimizes the 3GPP Release 8 CSFB approach.

Fig. 4 illustrates aspects of the technology disclosed herein when originating a
circuit switched call from wireless terminal 30. The example of Fig. 4 shows the case

when a wireless terminal in a LTE PS session is originating a GSM call.

25 In step 1) of Fig. 4 the wireless terminal has an existing LTE PS session. In
step 2) of Fig. 4 the wireless terminal originates a voice call, and the system either
performs an inter-radio access technology packet switched (PS) handover (HO) of the
PS session to GSM, or (if the system does not support IRAT PS HO) the LTE PS
session is released. The wireless terminal performs a location area update (LAU) and

30  establishes the voice call. In step 3) of Fig. 4 the wireless terminal performs a tracking
area update (TAU) to resume LTE PS access. If IRAT PS HO was supported, then the
TAU moves back the PS session to LTE. If the PS session was released, then the TAU
reconnects the LTE PS session.
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term nal sending a tracking area update nmessage to a Long Term Evol ution

(LTE) radio access network after the circuit switched call is established.
Notably the wireless termnal 30 foregoes performng a routing update
procedure. An exanpl e enbodi nent and node of the nethod illustrated by Fig.
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transm ssi on dm@kepd@ﬁawltcﬁm tesfiefl session; and further conprises the

w reless termnal 25 suspending the GSM dual transm ssi on node packet

swi tched session and then sending a tracking area update nessage to a Long
Term Evol ution (LTHEY 6 abbves acoes sletadtdvordmplo rentbedomene off iwi@lets@ tednengd XK et
swi tched ses 0 e
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example platform 1s 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

packet switched session controller 44 (and its packet switched reconnection logic 48).

In one example implementation, the functionalities shown as framed by

20  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

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;

25  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).

Whether or not specifically illustrated, typically the wireless terminal of each of

the embodiments discussed herein can also comprise certain input/output units or

30 functionalities, the representative input/output units for wireless terminal being
illustrated in Fig. 12 as keypad 70; audio input device (e.g. microphone) 72; visual

input device (e.g., camera) 74; visual output device (e.g., display 76); and audio output
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reconnection logic 48 of wireless terminal 30 then reconnecting the wireless terminal

25 30 to the packet switched session to obtain a reconnected packet switched session.
Thereafter, as act 7-5, the circuit switched call controller 42 and packet switched
session controller 44 of wireless terminal 30 cooperate to interleave packet switched
transmissions of the reconnected packet switched session with voice transmissions of

the circuit switched call.

30 In an example embodiment and mode of the method illustrated by Fig. 7A, the
act 7-1 of the wireless terminal sending a request to participate in a circuit switched call

comprises (as act 7-1-A) the circuit switched call controller 42 of the wireless terminal



To establish the circuit switched (CS) call the wireless term nal can nove
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feature group indicator bit 9 set to zero (although the recomendation is
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In an example embodiment and mode performing the inter-radio access
technology handover comprises handing over the existing packet switched session from
the original packet switched network to a GSM network to obtain a GSM dual
transmission mode packet switched session; and further comprises the wireless terminal

25  suspending the GSM dual transmission mode packet switched session and then sending
a tracking area update message to a Long Term Evolution (LTE) radio access network
for reconnecting to the packet switched session.

The technology disclosed herein including the foregoing methods encompass
two different types of procedures or cases. A first procedure or case is when inter-radio
30  access technology (IRAT) packet switched (PS) handover (HO) is supported; a second
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(IRAT) packet switched (PS) handover (HO).

Fig. 8 shows more detailed acts of a method, and thus the logic, for the cases of

25  originating and terminating a GSM call and the system is not using inter-radio access

technology (IRAT) packet switched (PS) handover (HO). In Fig. 8, additions and/or

enhancements afforded by the technology disclosed herein compared to the 3GPP
release 8 circuit switched fallback (CSFB) are shown as framed additions block 80.

In the first act (act 81), the wireless terminal is in a LTE PS session (the UE is

30 in ECM-CONNECTED state). The wireless terminal can participate in a circuit
switched (CS) call either by receiving a page (and thereby terminating the call) as
indicated by act 82A, or by placing/originating the call as indicated by act 82B. If the



30 wireless termnal support Dual Transfer Mbde (DTM or not. WO

2011/ 073913PCT/ 1B2010/ 055820 21 Anot her exanpl e advantage is the
functi onawvOtg1tttiadi3a wirel ess term nal havi ng t he capabiPCirtip20a6/055820
interleaving LTE transm ssions in betMeen GSM transm ssions may have it
feature group indicators 9 and 10 set to zero for optim zing the packet
switched (PS) outage tines. 5Anot her exanple advantage is the functionality
that a UE capable of interleaving LTE transm ssions in between GSM

transm ssions performng a CSFB in a systemthat does not support |RAT PS
HO but do support DITM do not performany RAU to faster allow for the UE to
get LTE access after the CSFB have been perforned. Another exanple
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el enent in 20 the singul i ntended to nmean "one and only one
unl ess exXpli d¥1y so stated, but rather "one or nmore.” All structural,
chem cal, and functional equivalents to the el enents of the above- described
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ereless terminal moving to a new GSM cell, act 84B deplcts the wireless terminal
15 moving to a new WCDMA cell). For either move (to GSM or to WCDMA) the
wireless terminal establishes the radio signaling connection. Act 85A of Fig. 8 depicts
connection of the GSM circuit switched (CS) call; act 85B depicts the circuit switched
(CS) call being connected (or a packet switched session established) in WCDMA.
Even if the system (which comprises the network and wireless terminal) supports the
20 dual transfer mode (DTM), the wireless terminal does not perform a routing area update
(RAU). Deliberate omission of the routing area update (RAU) is reflected by broken
line (not performed) act 86A for GSM and act 86B for WCDMA. Nor performing the
routing arca update (RAU) contrasts with the conventional approach, as according to
the conventional method when DTM is supported the UE will perform a RAU to
25  transfer the packet switched (PS) service from E-UTRAN to GSM.

The CS call is connected (act 85A, 85B) and in conjunction with connection of
the circuit switched (CS) call the wireless terminal goes into GSM and the LTE Dual
Transfer Mode (DTM), and also (as depicted by act 87) sends a tracking area update
(TAU) in Long Term Evolution (LTE) to reestablish the LTE PS session.  Re-

30  establishment of the LTE PS session is depicted in Fig. 8 by act 88. In this process the
wireless terminal also may send up a scheduling map to the Long Term Evolution
(LTE) network to indicate which TTIs that can be used for LTE transport (see act 7-6

of Fig. 7C). Thereafter, using multiplexed or interleaved communications the wireless



11. A method of operating a wireless termnal (30) conprising: 2the
wireless termnal (30) sending a request to participate in a circuit

swi t ched wal2bivi7sf133a circuit switched network; 4the nerhodBzhenzssieri zed
by: Sprior to establishnent of the ci®¥cuit switched call the wreless
termnal (30) releasing or 6performng an inter-radi o access technol ogy
handover of an existing packet sw tched session 7with an original packet
swi tched network; 8establishing the circuit switched call with the circuit
switched network; 9the wireless termnal (30) reconnecting to the packet
switched session to obtain a 1 Oreconnected packet swi tched session; and 1
lthe wireless termnal (30) interleaving packet switched transm ssions of
t he 12r econnectnadalpacka@patswirt edied ssessivarth thet GSMonawotk ankdats sewvss ad thche

' it it I d of claim1, wherein th t of th
circuit sw qpﬂgpg%é%?n&%ﬂgxﬁg( od of claim erein e act o e

w rel ess termna sending a 2request to participate in a circuit
switched call conprises the wireless term nal (30) sending an 3extended
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sw t ched sesgjaoketf swvitdhed (PS) handover (HO) is supported. In Fig. 9, additions and/or
enhancements afforded by the technology disclosed herein compared to the 3GPP
release 8 circuit switched fallback (CSFB) are shown as framed additions block 90.

In the first step of act 91 the wireless terminal is in a LTE PS session (the UE is

in ECM-CONNECTED state). For the scenario of Fig. 9 the network supports inter-

10  radio access technology (IRAT) packet switched (PS) handover (HO), and the wireless
terminal does not its feature group indicator bit 9 set to zero (although the

recommendation is to set the feature group indicator bit 9 as explained above).

The wireless terminal can participate in a circuit switched (CS) call either by

receiving a page (and thereby terminating the call) as indicated by act 92A, or by

15 placing/originating the call as indicated by act 92B. If the wireless terminal terminates
the circuit switched (CS) call (act 92B), a CS paging is received over LTE.

In the case of Fig. 9 wherein the wireless terminal and the network support
inter-radio access technology (IRAT) packet switched (PS) handover (HO),
placing/originating the circuit switched call triggers the network to begin to perform an

20  inter-radio access technology (IRAT) packet switched (PS) handover (HO) of the LTE
session to the GSM network, as depicted by act 93. Act 94 shows the wireless terminal
moving to the new GSM cell (or WCDMA cell) and establishing the radio signaling
connection. The CS call is connected. The IRAT PS HO execution phase continues

and is completed as depicted by act 95.

25 If the wireless terminal is in GSM, acts 96 — 99 are performed and the rest of the
procedures mentioned below apply. On the other hand, if the inter-radio access
technology (IRAT) packet switched (PS) handover (HO) moved the wireless terminal
to WCDMA CSFB, then the circuit switched fallback (CSFB) procedures as specified
in Release 8 apply.



2conprises the wireless termnal (30) sending a tracking area update
nmessage to a Long Term 3Evol ution (LTE) radi o access network after the

circuit swbtehwd3wal|l is established for PCT/IB2010/055820
4r econnect i ngt ot hepacket swi t chedsessi2dn. 14. The method of claim 3, wherein
before the circuit switched call is established the 2wireless term nal (30)

foregoes performng a routing update procedure. 15. The nethod of claim 3,
further conprising the wireless termnal (30) sending a 2scheduling map to
the Long Term Evol ution (LTE) radi o access technol ogy network to 3indicate
time transmssion intervals (TTls) that can be used for packet sw tched

transm ssions. 16. The nethod of claim1, further conprising configuring a
feature group bit Adt XrsboRwitlrag tlessrchaswiitaldd (())is tnoGEMe Vi€ itlie \aheliexsttermilnaldi o]
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t echnol ogy  that can be used for LTE transport (see act 7-6 of Fig. 7C). The wireless terminal goes
into multiplexing or interleaving between the GSM and LTE TDM mode, and (as act
98) sends a tracking area update (TAU) in LTE to reestablish the LTE PS session

(depicted by act 99).

10 There are numerous advantages of the technology disclosed herein, examples of
which are now briefly mentioned. For example, Long Term Evolution (LTE) access
during a GSM call provides the possibility of CS and PS services in parallel. This
wireless terminal centric approach of reconnecting to the LTE PS session in
conjunction with or after the GSM call is established to allow for LTE and GSM access

15  multiplexing has no impact on the CSFB signaling flows as specified in 3GPP release
8.

The technology disclosed herein also enhances the Release 8 circuit switched
fallback (CSFB) by allowing the wireless terminal to reconnect to Long Term
Evolution (LTE) access during the GSM call and interleaving LTE data transmissions

20 in between GSM CS voice transmissions.

Advantageously the functionality described herein is added to a wireless
terminal that is executed in conjunction with circuit switched fallback (CSFB). After
the call is connected, the wireless terminal goes into the mode of doing LTE data
transmissions interleaved in between GSM CS voice transmissions and in conjunction

25  with that perform a Tracking Area Update (TAU) to EPC to re-establish the PS session
in LTE.

Another advantage described herein is the functionality that a wireless terminal
only re-establishes the PS session in LTE if the access to be used for the voice call is
GSM and there is LTE coverage, regardless whether or not the GSM network and/or
30  wireless terminal support Dual Transfer Mode (DTM) or not.



2handover conprises handi ng over the existing packet swi tched session from
the original packet 3 switched network to a GSM network to obtain a GSM
dual tramsoi2esi/oswiande packet swi tched 4session; and whecgiiBoiesssm hod
further conprises the wireless term mdl (30) suspending the 5GSM dual
transm ssi on node packet swi tched session and then sending a tracking area
update 6 nmessage to a Long Term Evolution (LTE) radi o access network for
reconnecting to the packet 7switched session. 19. A wreless termnal (30)
capabl e of comunicating over a radio interface, the 2wirel ess term nal
(30) being characterized as configured to: 3send a request to participate
inacircuit switched call with a circuit switched network; 4rel ease or
perform an i nt er - radithcraxempk ddvaingd sgic hamndovdity diat anviesdest temgnplacketg
5swi t ched sesgi | L .SW tC I QF
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cal | with théage idaateresgiper heiratas Qonk 10gelosreor opbmizies hadrelet switeldsded
session to ohbgi fuided @aeInect ed packet switched 9session; and 10interl eave
packet swi tched transm ssions of the reconnected packet sw tched session
11w t hvoi cetransm ssi onsoft hecircui t swi tchedcal I .

5 Another example advantage is the functionality that a UE capable of

interleaving LTE transmissions in between GSM transmissions performing a CSFB in a
system that does not support IRAT PS HO but do support DTM, do not perform any
RAU to faster allow for the UE to get LTE access after the CSFB have been performed.

Another example advantage is the functionality that a wireless terminal (capable
10  of interleaving LTE transmissions in between GSM transmissions performing a CSFB
in a system that support IRAT PS HO and does support DTM) may suspend the PS
session in order to be able to do a tracking area update (TAU) and use the transmission

gaps between GSM CS voice transmissions for LTE data transport.

Although the description above contains many specificities, these should not be

15  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

of the present invention is accordingly to be unduly limited. Reference to an element in

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

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



WO 2011/ 073913PCT/ 1B2010/ 055820 24 110. The wireless termnal of claim]1,
further conprising: 2a circuit switched call controller (42) configured to
gener at e Woregquasq13t o participate in a 3circuit sw t chegCraBo1mwishze
circuit switched network and thereaft2r control the transm ssions of 4the
circuit switched call; 5a packet switched session controller (44)
configured, prior to establishnment of the 6circuit switched call, to

rel ease or performan inter-radi o access technol ogy handover of an

7exi sting packet swi tched session with the original packet sw tched network
and thereafter to 8reconnect to the packet switched session to obtain the
reconnect ed packet sw tched session and 9to control transm ssions of the
packet SWHATd4S8 (HeSEVMIBD ISand 1 Oa conmmuni cations interface (40) configured
to performtransm ssions of the circuit 1

1swi t chedcal | angrwa}gsgaﬁm 0 softhe acket swi t chedsession. 111. The w rel ess
terninal of ci T9°¢ Rh & e hE e s HEPTERE controller (42) 2is
conf gured t chsemndleantcextnahB& saeling £equed uepdrtiopsisage cirouiaswesek\ced widcket
core netvglrclﬁltig %&&%ﬁp%cate that the wireless termnal (30) is to perform

a ci r curt swt C
4 the method characterized by:

5 prior to establishment of the circuit switched call the wireless terminal (30) releasing or
6  performing an inter-radio access technology handover of an existing packet switched session
7 with an original packet switched network;

8 establishing the circuit switched call with the circuit switched network;

9 the wireless terminal (30) reconnecting to the packet switched session to obtain a

10  reconnected packet switched session; and
11 the wireless terminal (30) interleaving packet switched transmissions of the

12 reconnected packet switched session with voice transmissions of the circuit switched call.

2. The method of claim 1, wherein the act of the wireless terminal (30) sending a
request to participate in a circuit switched call comprises the wireless terminal (30) sending an
extended service request message to an evolved packet core network and indicating that the

> w N

wireless terminal (30) is to perform a circuit switched fall back operation.

3. The method of claim 1, wherein reconnecting to the packet switched session further
comprises the wireless terminal (30) sending a tracking area update message to a Long Term

Evolution (LTE) radio access network after the circuit switched call is established for

> w N

reconnecting to the packet switched session.

[

4. The method of claim 3, wherein before the circuit switched call is established the

2 wireless terminal (30) foregoes performing a routing update procedure.

1 5. The method of claim 3, further comprising the wireless terminal (30) sending a
2 scheduling map to the Long Term Evolution (LTE) radio access technology network to

indicate time transmission intervals (TTIs) that can be used for packet switched transmissions.

6. The method of claim 1, further comprising configuring a feature group bit of the

2 wireless terminal (30) to prevent an inter-radio access technology packet switched handover.



4operation. 112. The wreless termnal of claim 10, wherein the packet
switched session controller 2(44) is configured to sending a tracking area
updat e neweage/a7e91a Long Term Evol ution (LTE) 3radi o ac®e€IaBrao/oxs8y aft er
the circuit switched call is establisi3ed for reconnecting to the packet

4sw t chedsession. 113. The wireless termnal of claim12, wherein the
circuit switched call controller (42) 2is configured to forego performng a
routi ng update procedure before the circuit switched call 3isestablished.
114. The wireless termnal of claim12, wherein the packet sw tched session
controller 2(44) is configured to send a scheduling map to the Long Term
Evol ution (LTE) radi o access 3technol ogy network to indicate tine

transm ssi on 7. ntlevaktiod Tofl elpint Hatwl&aeint;mrimadlgf te mackedio access technology
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conprising a eature group
confﬁguﬁ@dwhﬁipﬂ@vgﬁk aﬁ)lﬁteﬂﬂ¢%ﬁné a&@@ssmvééﬁﬂbldqyﬂBb access  network,
packet swi t chedhandover. WO 2011/073913PCT/ 1B2010/ 055820

1 8. The method of claim 1, wherein performing the inter-radio access technology
handover comprises handing over the existing packet switched session from the original packet
switched network to a GSM network to obtain a GSM dual transmission mode packet switched
session; and wherein the method further comprises the wireless terminal (30) suspending the
GSM dual transmission mode packet switched session and then sending a tracking area update

message to a Long Term Evolution (LTE) radio access network for reconnecting to the packet

~l O U bW N

switched session.

9. A wireless terminal (30) capable of communicating over a radio interface, the
wireless terminal (30) being characterized as configured to:

send a request to participate in a circuit switched call with a circuit switched network;

release or perform an inter-radio access technology handover of an existing packet
switched session with an original packet switched network prior to establishment of a circuit
switched call;

establish the circuit switched call with the circuit switched network;

reconnect to the packet switched session to obtain a reconnected packet switched
session; and

interleave packet switched transmissions of the reconnected packet switched session

R O W O o U w NN
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with voice transmissions of the circuit switched call.



25 116. The wireless termnal of claim 10, wherein the packet sw tched
session controller 2(44) is configured to performa hand over of the

exi sti ng wackato73mdt ched session fromthe 3origi nal packet/iB10/035820 net wor k
to a wi deband code divisional nultipl® access network. 117. The wirel ess
term nal of claim 10, wherein the packet sw tched session controller 2(44)
Is configured to perform ng a handover of the existing packet sw tched
session fromthe 3 original packet switched network to a GSM network to
obtain a GSM dual transm ssion node 4packet switched session; and is
further configured to suspend the GSM dual transm ssion node 5 packet

swi tched session and then to send a tracking area update nessage to a Long
Ter mL6Evol ut ildn TheMEjeleadéroind of skhimeét funthkr fampriseeonnect i ng to the packet
swi t ghed ses e
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circuit switched call, to release or perform an inter-radio access technology handover of an

existing packet switched session with the original packet switched network and thereafter to

to control transmissions of the packet switched session; and

6
7
8  reconnect to the packet switched session to obtain the reconnected packet switched session and
9
0 a communications interface (40) configured to perform transmissions of the circuit
1

1
1 switched call and transmissions of  the packet switched session.
11. The wireless terminal of claim 10, wherein the circuit switched call controller (42)

is configured to send an extended service request message to an evolved packet core network

and to indicate that the wireless terminal (30) is to perform a circuit switched fall back

> w N

operation.

12. The wireless terminal of claim 10, wherein the packet switched session controller
(44) 1s configured to sending a tracking area update message to a Long Term Evolution (LTE)

radio access network after the circuit switched call is established for reconnecting to the packet

> w N

switched session.

[

13. The wireless terminal of claim 12, wherein the circuit switched call controller (42)
2 1s configured to forego performing a routing update procedure before the circuit switched call
is established.

W

14. The wireless terminal of claim 12, wherein the packet switched session controller
(44) 1s configured to send a scheduling map to the Long Term Evolution (LTE) radio access

technology network to indicate time transmission intervals (TTIs) that can be used for packet

> w N

switched transmissions.

[

15. The wireless terminal of claim 10, further comprising a feature group memory
comprising a feature group bit which is configured to prevent an inter-radio access technology
packet switched handover.



4the wireless term nal (30) sending a request to participate in a circuit
swtched call 5with a circuit switched network; 6prior to establishnent of
the circuw0O 281a7ahed call the wirel ess term nal (30) relPeagB2ug0/035820
7performng an inter-radi o access tecHnol ogy handover of an existing packet
switched session 8with an original packet sw tched network; 9establishing
the circuit swtched call between the wireless termnal (30) and a circuit
1 Oswitched network; 1 1the wireless term nal (30) reconnecting to the
packet switched session to obtain a 12reconnected packet sw tched session;
and 13the wireless termnal (30) interleaving packet sw tched transm ssions
of the l1l4reconnected packet switched session with voice transm ssions of
the &ircuit shitTEhreedircladd terminal of claim 10, wherein the packet switched session controller

2 (44) is configured to perform a hand over of the existing packet switched session from the

3 original packet switched network to a wideband code divisional multiple access network.

17. The wireless terminal of claim 10, wherein the packet switched session controller
(44) 1s configured to performing a handover of the existing packet switched session from the
original packet switched network to a GSM network to obtain a GSM dual transmission mode
packet switched session; and is further configured to suspend the GSM dual transmission mode
packet switched session and then to send a tracking area update message to a Long Term

oA U W N

Evolution (LTE) radio access network for reconnecting to the packet switched session.

=

18. The wireless terminal of claim 10, further comprising electronic circuitry
2 configured to implement the circuit switched call controller (42) and the packet switched

3 session controller (44).

1 19. A method of operating a communications system comprising:

1 establishing a packet switched session between a wireless terminal (30) and an original
2 packet switched network;

3 the method characterized by:

4 the wireless terminal (30) sending a request to participate in a circuit switched call
5  with a circuit switched network;

6 prior to establishment of the circuit switched call the wireless terminal (30) releasing or
7 performing an inter-radio access technology handover of an existing packet switched session
8  with an original packet switched network;

9 establishing the circuit switched call between the wireless terminal (30) and a circuit

10  switched network;

11 the wireless terminal (30) reconnecting to the packet switched session to obtain a
12 reconnected packet switched session; and

13 the wireless terminal (30) interleaving packet switched transmissions of the
14  reconnected packet switched session with voice transmissions of the circuit switched call.



