WD 97/02713

PCT/ SE96/ 00904 CALL FORWARDI NG I N A MOBI LE COVMUNI CATI ON
SYSTEM BACKGROUND

Applicant's invention relates to a system providing suppl enmentary services
5 and transd®@8MZ%Bhtrol procedures for handling traffic bECHSE00904
subscribers in a comuni cati on network. The invention nore
particularly relates to a system for providing call forwarding
services to digital nobile subscribers in a digital cellular

r adi ot el ephone system A cel lul ar radi ot el ephone system
typically conprises a network of 10 nei ghboring radio cells that together
provi de conpl ete coverage of a geographic alea to be serviced. Each

cell ,has a base st gt} i ] nor e
mobi I'e stati ons (N?s@mm‘%mgkﬁiﬁ WR&IQ&S@ e}
channel s assigned to a given cell is different fromthe sets used in

nei gkboring cells in order to avoid interference. Goups of BSs are
controlled by respective mobile 15 BAGKGROUND ching centers (MSCs),

each of which is equi Xﬁﬂ%ﬁt'éﬁv%doﬂ ¥ 2% .providin%gur@p:g?egx&?%i;&vices

swi tched tel ephone network (PSTN). Thus, I's res
handl i ng tasRs s#&ish trarscaddrteontreigprocedurésnfor handlinghtaf§i rhgtvweah | ssbseriblers in a

i ti . . d oth t ks,
e oo oor 1 ufemmutiBadchehbR! THE savelRod Rore bRBEwAT BT fo 2 sysamfono
system Total Acpewklifgoealh forwading ser®ices e digitdGbile Absaibeedin\Dlibitd Ehake

System (AMPS); Anerican Digital Cellular (ADC) system d obal System for
Mobi | e Communi ca@ﬁﬁéﬂ@ﬂﬁ gy’%ﬂj Personal Digital Cellular (PDC) system

(formerly called the Aapangse rddictkleponEe’s é&n@rtygi&i? iSdd) oh ! :
adopt ed st andar di zed _t echni qﬁgis for}prow I ng bas cgézg]g glég‘fﬂq%n%%t ary

services t o_mo?rﬁ‘ﬂé“b%mg radipyeells thetlogetheeprovideicompleth covergp of 2 pecgoaphictarea t er m
il y o est abl CoRe ekt ey T bl X vase saifl 029 AR RicaR oA B8 o 1
cal Iing, which amereqvwbileistabotso(M8Ss) ﬂnlmghrasbmiaed/vntﬁm ' uha:mgq.uhrl s8t0of radio
those o “capapuinid BseRR ol Bl is R Ben) B e el Renticring B
beyond "basic" siararlerts 80id intenirenbatGroapsibf BSS adi cohoIRY by eSREAW ndbile
before thosqsser i8S SAlnhg cemterd (SCs), each of which is equivalent to a local exchange
in the public switched telephone network (PSTN). Thus, an MSC is responsible for
handling tasks such as switching, routing, and charging calls and communications
to and from the PSTN and other networks.
Well known cellular systems such as the Nordic Mobile Telephone (NMT)
20  system; Total Access Communication System (TACS); Advanced Mobile Phone
System (AMPS); American Digital Cellular (ADC) system; Global System for
Mobile Communication (GSM); and Personal Digital Cellular (PDC) system
(formerly called the Japanese Digital Cellular JDC) system) have all adopted
standardized techniques for providing basic and supplementary services to roaming
25  subscribers. As used in this application, the term "basic service” refers to the ability
of a communication network simply to establish a call and to those services, such
- as three-party calling, which are available to all subscribers without requiring
individualized subscription. The term “supplementary services" refers to those
capabilities, in mobile as well as fixed networks, that go beyond "basic” services
30  and that require individual subscription before those services can be invoked.
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| ndi vi dual suppl enentary subscri ber services may be divided into two types:
those that nodify or supplenment the process of originating a call (referred
to here M0 972%|3Ibscri ber services"); and those that nodRGIYSESS00904
suppl enent the process of termnating a call (referred to here as
"B-subscriber services"). A-subscriber 5 services include, but are not
limted to, barring of outgoing calls and private nunberi ng pl ans.

B- subscri ber services may be broken down into those that are I nvoked
unconditionally, i.e., regardless of the status of the called subscriber or
t he networ k, and those whose invocati on depends on a particul ar

status or condition mmwdbaisaglwku&mmmﬁﬁﬁmvﬂﬁd?ﬂow@ t
ude U ar e nlc;

net wor k. Uncondi t|ona scriber 10 services |ncl

:ci i teg. to, ggr(rjl 3”(4‘5 ?fﬁgﬁ ?’P%"té“ﬁPWﬁEsé W@gﬁ%ngacal;fmﬁ?gﬂ

orwar di ng. ndi t;gﬁfcbpga.r ff%ygm wg&h&g

busy, cal | ésorwar I ng on no reply,%l . orv{grgls on congesti1on, and
cal | waiting. terminating a oalir (refewed te shesé aSh'&—&pimrmet seyicesty) ol A-eubscriber
provi di ng baskc o} Cl’lb In, U.S.

Pat ent Appl i cgt [ g%%'ﬁ lﬁé‘ﬁﬁgﬁ@ﬁeﬂo &Hn@p%eﬁ@f‘ 1‘? ou legs %PEX?F& o]
et alb lfor ' Met hmmwiswmavmm bé)emeﬁ down fmtlo thoseethyt &es to
a Mobile Station”, Patﬁnt |ca 08/ 1 086_f|

Cctober 26, 199318 gnffqn@qoa E?F‘ﬂ 8% equ L@Fﬁf}hEROmeGSM
MBC/ VLR'; U.S. Paietvkirk/\aid tHoé wﬂse'\iﬁvodaﬁéﬂﬂépeﬁ&‘loﬁ ial pRrtictlat @a&fs &Gbonai%%é by

Lantto for "Met hod of I\/anagl ng Supplenmentary Service Procedures in

20 towards HLR being presqasiat fhe Aphcribes: ohoin the neswonks Uneonditipnab B g!&fmhey 19
1994, by gf(qéeg f Sidho I ces
in a Cellul ar I\/bb flud? CB%?%E{@%HSA Wﬁh and® %Hg%(yéﬁ%?ﬁgm
Appl i cation No. O®lfagvasdiag.fConditional\B-subscribep serviceinclude call fotwandieg on busy, or
"Met hod for Handl] 5 - ' b|| rlber in a
Mobi | e Tel ephone ééiyig?ﬁﬂ‘b‘ﬁﬁég o3 r%i?, aﬁg@%é ogrcg&es%{}b c?igg'i‘ A8dat a
base called a hone Iod&noumonmgf&eeper(uiﬂnﬁt}nvolvedmpmgidxhgbastocmﬂdqsblaaemode

Cubsori bos. 1o r oci SuY OhsEaber S ERl apeifehic e 08138 e oo

such as the 45ppl3n99Baby Larty e S'c)r %ﬁl@d afid Systérh ot PRVidig SEppRémchtar
| ooati on of the NS 1 arllobl SEOPRToD i Purt ABHERIH NG CRLHE5SEISi ng

the MS's current O&6lseri2e) 1993)ity Lantto for "Recemng Subscnber Data from HLR in GSM

MSC/VLR"; U.S. Patent Application No. 08/141,094 filed October 26, 1993, by

Lantto for "Method of Managing Supplementary Service Procedures in GSM/VLR

20  towards HLR"; U.S. Patent Application No. 08/182,834 filed January 19, 1994, by

Widmark et al. for "Providing Individual Subscriber Services in a Cellular Mobile

Communications Network”; and U.S. Patent Application No. 08/249,989 filed May

27, 1994, by Lantto et al. for "Method for Handling Calls to a Non-Reg1stered

Mobile Subscriber in a Mobile Telephone System”.

25 To keep track of the MSs, a data base called 2 home location register (HLR)

may be provided as a node in the mobile radio communication network. When a

user (MS) subscribes to receive service from an operator, subscriber information

such as the supplementary service(s) selected by the user is entered in that

operator’s HLR. Also, the HLR stores information about the location of the MS,

360  including information identifying the MSC serving the MS’s current location. This
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i‘nformation is updated as the M5 noves around by having the M5 send

| ocation information to it; HLR by neans of an MSC. Thus, when an MS
roans into a Wowm2713 NMSC area, it registers with that NMSCPOINSESGH00¢dcN
requests data about the M5 from the HLR and inforns the HLR of the
MSC area in which the MSis currently 5 | ocat ed. . The HLR

typically plays a part in managi ng individual supplenentary

subscri ber services in that, in addition to storing the current |ocation of
a roam ng subscri ber, the HLR may al so store subscriber categories
and call forwarding nunbers (called "3C nunbers"). The HLR updates
subscriber category information 10 and C-nunbers in_its nenory when

requésted to do iBmBytiomispdaied py &ie MSympves|around by haying the M$ sendsleration
sel ected parts %{oh}ﬂhéod ﬁfigrm& 'bg'?néﬁ’s %&n'hgﬁgf TR Wned ad Bfs %gxas m&%&gn

occagion of registration of a roam ng to a gat eway
t he occasi on of MS8Clarea) itxegiStersawithesthot MiSCe svhich ther equlstsalata dbettcthe MS from

In a typical net o A-gU rjher rvd d,_condi ki | \Bssubscriber 15
services are pro@?%@at’ﬁ%%ﬂ%&e %%ge%f %’ﬁm %&WM@%E&&&F?‘&“ ¥
provided to 5 locdtdtk visitor MSC (VMSC) by the HLR at the tinme of

regi stration. Uncondig,i o B-, subscri per services .are i nyoked by the
HLR because a cal | télthg %kapmgy _rﬁéﬁ'ﬁsa part in ﬂ%"f&é“ﬁ‘f‘&%‘? SHRRICTRRIHAT c t ed
(i.e., the GVBO)supeibet fervicéiCin'thdr, inadditidR o sring M current locitidR ofAGroRaigu! S
of the subscriber. Thus, the HLRI1s in the best position to handle 20

uncondi tional sefubscgiber, stierHbR man alspgitare subscribriscategnsics-and sl forwardisgc h

t he call [ ﬁﬁéxsbfzaﬂ&ﬁ 1 b'é}ﬂﬁl : : er to
st andar di ze comrl;ﬁjlnl catton be \%éﬁé‘n LRSW%%%%%Q&W%?%@G@W miloﬂnﬁoq
r adi ot el ephdfie sapdt@membersdn itsl memedy when fnbested tajol sodnt ancanthiesized telihial.and
e L e
protocol 25 kn ' My i
870%-(}_. 707, Q M&gccgsmn of@g’ls’lﬂ}fioﬂbﬂa@aam %Q.tg,?ﬁditﬂla@teﬁﬁ'yﬁssﬁl(ﬁmm t(lin" are

ereby incorporate . re nce in this application. Sonmewha
different varia °6‘?"‘¥’Pﬁé’fl9ﬂbt%ﬁ§£§(5ﬁlgxpm£“b ‘E"&@%‘}“& used with the
different cellular stiangdeypidal nsidrk, R subscRber Sirficds and conditibi@ BANbseriber des

' h

t he signalling procedures for conmmunication between NM5s. The 30 net wor k

part of PDCIPs dexdsesiaze prayideddysthe MRt basad: on the subscpber; categeriss praviest to
Di gi tal the visitor MSC (VMSC) by the HLR at the time of registration. Unconditional B-
subscriber services are invoked by the HLR because a cail to a MS always means
that the first MSC contacted (i.e., the GMSC) consults the HLR in order to leam
the whereabouts of the subscriber. Thus, the HLR is in the best position to handle
20  unconditional services such as sending to the GMSC the C-number to which the call
is to be unconditionally forwarded.
In ordei' to standardize communication between HLRs and MSCs, cellular
radiotelephone systems have adopted the Mobile Application Part (MAP) and
Translation Capabilities Application Part (TCAP) of the communications protocol
25  known as CCITT Signaling System No. 7. Recommendations Q.701-Q.707, Q.711-
Q.714, and Q.771-Q.775 in CCITT’s "Blue Book™ are hereby incorporated by
- reference in this application. Somewhat different variants of the MAP and TCAP
protocols are used with the different cellular standards (GSM, ADC, PDC, etc.).
The MAP provides the signalling procedures for communication between MSs. The
30  network part of PDC is described in the standard Internode Specifications for Digital
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Nobi | e Conmuni cati ons Network, TTC JJ70. 10, Ver. 3.2.

According to various exenplary enbodi nents of Applicant's invention

exi sting si gnWOIMI"Bhannel s of a radi o communication syst erBHE to
transmt sinpl e request nessages related to a particul ar '
subscriber-initiated supplenentary 5 service that is desired by a

nobi | e subscri ber. The request signalling for such a service fromthe

M5 to the network, as well as the confirmation signalling fromthe

network to the MS indicating whether or not this serV|ce request has been
conplied with, are transn1tted over 14 yer 3. "Layer 3" is a termthat
defi nes where

tra.nsm'tted a’nda“pg’l’g?Qgﬂlm % %‘%ﬂ?@&&b@ﬂ' ?r te;glrjr:)?(ra miaflsage 'S

Recommendat i on Q 930 AgoRfhd 1o Sari &eﬁﬂﬂ’d&yembcdlmenﬁaép.k oalls dveaiBh,01 € 2l
Subscri ber Signalling Systeg-rlr-1 No. 1 DSS 1), % aye? A

Net wor k Manageneexisting signalling channels @ondaamoumunmawysts@m mylsﬁthCMMer ed

h t | whi ch
ot i nes. Tho. par ampl et el retated o fEiicnlar SRl Topb P Blary 1! ©

radi o frequeficy sgreice thpt isdesired by momiobile subscriber. Thectegueat signaling 6or, such a.

{ramem ssi on of MATSY RA RO RCEMER o 8hh &Y e ESEHREE smpling fom e

(Layer 1), nawg:ktoaherms indicating whethenoonot eiie serviod\reqedsChas s tordplikdf | nes
t he procedures fo tr?tec? rﬁgt trapsfer,_ of |nforna i_on over the Layer
2 data |ink IayeT""thQ?i'e transml Y%’p%' Layer Hds atermitha FEWhere

radi o conmuni cat {Bith IYgitR ThareR, a?arncuﬁ?m gé Raransaied ahd kigivel s '30“

here, but those skllled in the ar readrly él? reC|ate that this

invention cdf belsAgssetibed, fo5 MU%WWGMQ%';PQH ¢ TBlue Book”,
| t b
ernor k.Y S CRRRVELS, (ighl SRR Kl Nyskal NG L PSS ) g2

comuni cat i on nelayerkUss Networh/Mmge:athBC i s connected between a PSTN and

o T TS S <t s sy 65 BokBgRA Tl e e s "
channel , wher easLayer 1ris tthalphysi:rahdayeirpmlmdh defirek | the pdrantetens fofrthefphysical a
'(I:'ﬁlel from gggc:sfﬁglpanot her g{‘%\ﬁl c?étlgf’ ﬁ I ac%of)ver a %Mﬁ%ﬂel )
accordi ng to theclpakdrisads, eebaohyeﬁmﬂ%red thommusyﬁmm@efaigmérmbmnt ed,
e.g., GSM ADC, Eaprgnuses}o% of mf{armanon within the constraints of the physical channel (Layer 1),

e.g., error correction and detection, etc. Layer 3 defines the procedures for

transparent transfer of information over the Layer 2 data link layer.

20 The specific hardware implementations of radio communication systems are
beyond the scope of the discussion here, but those skilled in the art will readily

appreciate that this invention can be applied to any such system where signalling for

)

supplementary services occurs between a mobile or portable station and a network.
One example of a radio communication system is a cellular communication network
25  in which an MSC is connected between a PSTN and one or more BSs that transmit
and receive signals from the MSs. When a call is connected, communication takes
place over a traffic channel, whereas the initial connection of a call and transfer of
a call from one BS to another typically takes place over 2 control channel. The
specification of such traffic and control channels can be according to the applicable
30  standard for the system being implemented, e.g., GSM, ADC, PDC, etc. For those
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configuration of such base and nobile stations, U.S. Patent No.
5,119,397 to Dahlin et al. is incorporated here by reference.

As new suppl eMERPUZBser vi ces are devel oped, they can be qui ERTESGH0904

I ncorporated by use of a network definition known as Intelligent Network
(IN. The 5 idea of INis to provide intelligent nodes (I-nodes) in the
network that may be consul ted by other nodes in the network and
updated from ot her nodes. |-nodes are dat a processi ng equi pment
connected to other nodes only through dataoiinks for si gnal i ng;

| -nodes do not have switched user connecti s for speech or for user data

transfer. Conseq nks f.r.om
particul ar 10 w éﬂ e wor éﬁ‘&?ﬂ?ﬁ% E\R)’%‘%ﬂ‘?‘f‘?@s
points (SSPs) i nUtSi1cPaRET No. 5 119, 397 toDathemalssrmto@ﬁﬁ'atad hetery Rfdrard. by

addi Rg new program no uI es in the |-nodes, ch,co respondl ng.to an
IN functional entity. m@m‘gysmeyec@ﬁﬁ d{‘ be ‘{“5@9) i's

the node in the m&m&m&yﬁwoﬂ@ﬁémfkmﬁmﬁﬁwbﬁﬁai Bitdigene Netotk
SSP is the nade that handles the sw tching functlons necessary to nabl e

the servicesJ15 ideg of dNcis ta\provide dntelligent modes,dunodes) dn (thes petwork that uayt beonal
entities which hgyg tﬁbeﬁh@é(

CC TT Recomendat | ongged}fﬂeém%&% serr\llclta?g %@%c%n%[ﬁ?@g% SO
i npl ement ed i n tdaa PGRessingt equippment cotmected rto iother nodes oxrlyalﬂa'ongedad lnaks fomhe

and the SoP) 1< AEPRRELFRRE 8 odt e Bihichaf yiéhorkBBions o spoctof B oty e o

I ntelligent NetwharsfetpQonsequenty, Beytmdy di ijcessed) viahdates ligitssenlp iﬁ‘dmﬁ articilarT No.
7. othlesm utlo S H&@tﬁhe fixed netwoys enV| ro nt .,achieve rapid
of

i ntroduct i ol® 3 3 PEUGE § Bs) im e BSINS | on
bet ween the SCF and thS&Emm:nMucwHy%dheﬁeﬁpwﬁ:oaﬂﬂkmtﬂuﬁho&@f vice

| ogic resides in the SCF, and the SSF only 25 perfornms generic swi t chi ng
functions (e.g. %ﬁpmmgn&mnﬂébf@m%le@am Fexgxample, a serviceseanttohpoinp new

| egs; and di sconfggﬁil g, W‘W TREw Sth
sol ution cannot al so e to ﬁe cﬁ%rf ﬁﬁ’gdr enelg?rg%grré%qgge&ause o t he
conflict SSE\LSGIIP bmuﬂetsdhp m@m@m@mwemw thihseriicd®, t he
SDF and the {dLR, 1 ng l§§§ f Qg P@(}J er f sane
functions as ﬁt heml-iﬁlsd §Sﬁ uses er efg% %Fegﬁ%%t‘@ﬁ[’%?fwﬁﬁ
di fferent interfdefined byhthesBNstandardo preseiteti if CCITT Recommendation Q.1218. A
service data function (SDF) is also implemented in the SCP that stores the service
data needed for the SCF. Communication between the SSF and the SCF (and
. between the SSP and the SCP) is carried out in accordance with a protocol called
20  the Intelligent Network Application Part (INAP), which is also part of CCITT No.
7.

IN solutions in the fixed network environment achieve rapid-introduction of
new services as a result of the functional division between the SCF and the SSF, in
which the complete individual service logic resides in the SCF, and the SSF only

25  performs generic switching functions (e.g., monitoring and reporting call events;
setting up new legs; and disconnecting legs) under the direction of the SCF. The IN
solution cannot also be applied to the cellular environment because of the conflict
between the operation strategies of the SCF and the HLR, the SDF and the HLR,
and the SSF and the MSC. The SCF performs the same functions as the HLR, but

30 it uses a different implementation and different interfaces. The same may be said of
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the SDF and the HLR, as well as the SSF and the MSC. For
exanple, the SCF is neant to control all services in an intelligent net-
work, but thi WQPHRF¥enent is violated by the cellular stand®

al ways require the HLR to contain the information necessary for

i nvoki ng services such as 5 uncondi tional call forwarding and barring of
incoming calls, Simlarly, the SDF serves as the subscriber data
storage function in the intelligent network, but the HLR al ways
stores subscriber data in a cellular network. In a digital

cel l ul ar phone network, speech is sent in &i gital form between

termnals, e.g.,.f a riginating digi t phone in the PSTN or
to 10 anot her %%%E«P“aﬁ%%ﬁ!‘n&? ?ﬁ p#iﬁ!s?%?ﬁgﬁac'a digital MSis
converted into digitdor example the BCICH et D coftrdl alinRALdEs GO dh RelibG@ hett hm
that conforms to the aﬁgl i cabl e standard. The PDC system uses a

speech codi ng al Yerk: buhihis agrangement isgriolated by the cellular standards that alwaye paquise der s
known as code- exght | foNEitaif 188 inforyifi oflpr ;

vect or - sum exci ;('gg 1Figi%etz?r preditggi.ve (\Q/QSJI'EIL'P co efi’g.ﬁ"/‘&m@/ﬁs‘é; %:c(%esPChc%verts
an 15 anal 8g synseaditionayeal]l forwearding andybareing of incoming eplls Similarlyn thei SDB
account the exp \/ L1t | Sl ] ' of .t

human voice. In 'S a\s/\/atl§/e s‘fbtg&?%ygigés?% ﬁﬁ%&n #{gtﬁgghr}glﬁ"gé@%aehg%gbéﬁ tgg
bandwi dt h of 3. 1HKRIabieys tstorésksubjcribat dato il ¥y céllular netwolk.t s per second

(kb/s), which is much | ess, than .the 64 kb/s that, woul d. be. necessary if
nornmal pul se code nngﬁlaa‘ﬁ?fﬁt‘\%p Qe .Whﬁémg%&gnﬁaﬁﬂ?%gﬁvm coded
20  speech canneimiifls,ué.ef] BymOirofiginitirighdigital MMSME'd phehe! cthe BTN ot g2l

I nto normnal : digital speech using a device called_a transcoder, or
anothepMS,.

codes. 10 nRYADRIOS SPRFCH signal ata dighal Mids conyertedaato digivh |

codi ng. For exang@lf. accordi qgegcﬂam e ofrﬁ{ Il ; ech
signal wth redundant I n%r%&?i n ga??%?g?ngﬁ?g&g oc t(grtl% il
convol uti onal coWngarde The FDCE systam ises acipeechoding algomithymritha i nember ef 2 or s.
The PDC ch I | gl L2 .

e PDC channel aade shalie Sodebiont & 60 oRRF SHeb bciing (CBID) o B

Kb/s and converts 1t t©o a chann coded signal havi'ng a rate o
whi ch can westopaun sycited lincar predictive (VSELEhcadees. AcYSIBLR coder gonvefts am one

172 Kois i 45 R eseh sigdal 0id ¥ i BR0R el ol RS nBBRN 3 BB "
Kb/ s) of a channfréquemyentid amplitide distribntion bf therhainayi vai¢e. 30 this wppdcis possible a
PSI - CELP speech god e el speceh bagawiafidar 3.1 Kilohertz (kHz) into only 6.7 kilobits per
second (kb/s), which is much less than the 64 kb/s that would be necessary if
normal pulse code modulation (PCM) were used. On the other hand, such coded
20  speech cannot be used by others without converting the coded signal into normal
digital speech using a device called 2 transcoder, or codec.
Besides s;peech coding, many systems also use channel coding. For example,
a PDC channel coder encodes the digital speech signal with redundant information
according to block and convolutional codes for detecting and correcting transmission
25  errors. The PDC channel coder takes VSELP digital speech having a rate of 6.7
Kb/s and converts it to a channel-coded signal having a rate of 11.2 Kb/s, which can
be passed unrestricted through the network, e.g., from one MSC to another, over
a 64-Kb/s channel. It will be appreciated that 11.2 Kb/s is full-rate transmission;
half-rate transmission (5.6 Kb/s) of a channel coded signal derived from digital

" 30  speech from a PSI-CELP speech coder can also be used.
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Iln a call between two digital MSs, correct transcoder control procedures
used to handle traffic are only obtained if the Integrated Services
Di gi tal Net woiWO K713 Parts (1SUP) and |-node map proceBGFE

guaranteed end to end, i.e., if the call remains conpletely within
the PDC network at all times. In such a case, both the 5 originating and
term nating subscribers are connected to an 11.2-Kb/s VSELP- speech-

and channel - coded connection. Theoretically, it is possible to convert the
11. 2- Kb/ s speech- and channel -coded information up to a 64 Kb/s call at the
originating M5 and then convert the inforn&ti on back again at the

term nating MS. In practice, the speech quality is reduced, so it is
necessary to synchr onil\z?éaﬁbPW%tWO Mb%semmcmémmm usest

themto a "codecgl ect” : ' ' t he
transcoders in am'%%%tﬁg%g(ﬁﬁ%gnnec "fﬂr'r%gjet?gmed Servgggéﬁé%gegﬁo%g%%ers
A, B, and C reprPaen@SUR) hdHkxicele itiplpreceiwes are guacintebd emtio-end, i.e., ifahe eall
calls. Reference_characte D _and r esent, si | 1 cqQnnecti on rom
MB-A to MBC-A anfFRamsfome! mﬁvg@e,ﬁé%&#e@@ﬁm&aﬁﬂﬁﬁt@%ﬁaﬁg& & E
15 represerst MSA Paﬂgih&ug Sidgeaminatigy EbloktRks afe chimbQES B an CIND-KBIseVSELP-
represents a

i gnal]ing,connegtiaqn. . . Figure I b
depicts a signal Fﬂeﬁ‘a“(ﬁna gmei-gﬁd%gceg}epn%?@gggn%, i ig ppssible fsconvert the
Referring to Figyf.e- sf,@.o' [ ' : | Rore om
t he cal li ng %/Bléga]?ld orléeragggn ana ygqsgnfgﬁﬁfﬁiﬁge@aﬁ ?ﬁartyéﬁg%ﬁe‘é{ The

transcoder wil| onginating:M$pandsthereeanvers thedinformatiogiback agaip avtle tezmjnatingds. of
whet her or not ag, L oL Y s S t.al | SunlSed nt
so that it is. poIsns%}:%cef ?‘%@%Chaﬂgm}%%?s&%creh’ S(PR lgé‘nnos&ﬁggdné'rﬁcgm%% E)lgcur

and al so hanil e speectcendersioanme @adthers andvset fiemgo ac'codez-through connect® modéi t hi n
the I SUP, the messages, contain additigonal Jinforme;iqn regarding the

nobi | e specific dat a.eﬁlﬁﬁml :\?t‘fegﬁcga rMsgbé @%&’E‘%ﬁ{’a‘i" mode.
tr?nsm' ssion 25 Refemikl wmmumfmc(rmbnm.mmmsm —s;ﬂedhfi-&idﬂian%el-l

i nformation, as we i nformati gn representin ransfer ca ility,
el udi ng whet nePoded il Refegencecigadies B and B sepreaent, S Gl opresioat o
whet her the dat aMssAké - MSE and frodSMSE eOMST-BaREpectively. RéBleh® cHahiRtes ®li N

standard is the standard defined for the network. The 1AM al so

contai ns cal 13 r erepresents ap IYP signyllingeangertionjReferencs ghgrackee Gaspresents 2 MAP
(I\)/[Sngi gﬁ;i zgt mwgfk?lg%ﬂgﬁ%]NC B&ical gnal I'ing point code (SPC) of the originating

Figure 1b depicts a signalling diagram for a call between two digital MSs.

Referring to Figure 1b, the originating MSC receives a SETUP message from the

calling MS and orders an analysis of the called party number. The transcoder will

20  set to "speech” at the originating MSC regardless of whether or not a "Call to MS"

result is obtained. This is important so that it is possible to hear any tones or

announcements‘ that occur and also handle the case when call forwarding occurs.

Within the ISUP, the messages contain additional information regarding the

mobile specific data.” An initial address message (IAM) contains a transmission

25 medium requirement (TMR) or unrestricted digital information, as well as

information representing transfer capability, including whether “speech” or "speech

“ and data" can be transferred, whether the data is 11.2-Kb/s or VSELP coded, and

whether the coding standard is the standard defined for the network. The IAM also

contains call reference (CR) information, identifying the call in the originating MSC

30  and the signalling point code (SPC) of the originating MSC, and network code (NC)
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i-nformation, identifying the originating network. Upon
reception of the TAM the term nating MSC pages the called M5 and

all ocates a CWOS#TIBer mi nating MSC returns its CR and SPC iRFTAREHWIMess
conpl ete nessage (ACM. The originating MSC receives the ACM and stores the
5 CR value fromthe ACM The SPC fromthe ACMis discarded, and the

term nating MSC s SPC is obtained instead froma codec setup request
(CODEC SET REQ nmessage that is sent to request the

t hrough-connection. At this point, the term nating MSC has sufficient
information to initiate the MAP comunicati®n with the originating
MSC, but the originating MSC does not .have enough information to 10 begi n
such a communi cafi¥esmaties, @mmm%gﬂgﬂf fromthe terninating IVBC

The term nating call ‘ﬁé,&ﬁﬁ&&" Eﬁﬁ’% ﬁ?eﬁ %]&ﬁi

(CONN) nessage fromt ) PfIIS pol nt set up Ehet \Aﬁlgle t he
transcoder cont r alfocate @eGRr @eaﬂeanmamng M%HretﬁnsritsaﬁRaadl §BCsinodn address
received | AM r iC&4 1 Rf: i he rn i C
recogni zes t hat F?n"é‘ﬁ%g#iiﬁ?zg%xﬁg%&%g‘t‘g‘ﬁ@%@ﬁ%ﬁ év%?&%gﬁwg%ﬁwgs ts
its transcoddr t QRivake froadthe ACMOTHNSPO fromathé ACM is disemded, ahill eheltemtihatiagi ng
transcoder then Q send speec nd synchroni zati on

frames. Using th&f‘gzlli‘ﬁP s @Wgef?‘v'é& fraiD) TeRpest FEOng@ﬁii)E@
MSC sends the MAReGa6atSEinRioQeRSEHE ShrbikhicOftieeién, t;nwwt 5 tifinating
transcoder to switch to "codec-through connect” nopde | mer TCode

awaiting 20 a B%éa%é?fﬁ&@féhé%@@@?é’@“(mmsm NAB camzumisation sﬂ@tﬁﬁt ed
in the termnati nat slMﬁ@C’out % originating M Q8es! fiuft Ha! é@ﬁbu%ﬁ &f&ﬁnﬁjﬁg;?":tg SET

REQ nessage in t natf ng e originating Cranscoder begins
to send SS floamhegm]smhecgmmmwmmmg atrhdssage from thp sermiinating MS6e, t he

originating MC send CODE T

term nating MSC usi ng liehhg CR'S ?%ldp{eég% gggalqﬁgi(gigcwﬁ%’(?oﬁlé}r L8 in
t he CODEC SET RE(CONNY anpssagtpivomrthe dSi dyt this pdint, @GIDE@@EE Wdliéd while the
nmessage, call sefup continues h t he .sendi of an nessa (VANM) .
It the copBe? Rt peee) 8% HEREL ot bR ot P eeveiites
then the call iSandusersef\&éeﬁﬁmﬁiaﬁnn mmmgmsmmaﬁﬁmﬁathmmes
are sent dir ctI bet erm.nating_ and originati n%gA\/Bco%sn usi ng

the SPCs, NCS Hbig%@n‘ﬁﬁgsm er to the "Codec-thro

mode. The termmatmg transcoder then begins to send speech and synchronization
(SS) frames. Using the SPC, NC, and CR received in the IAM, the terminating
MSC sends the MAP CODEC SET REQ message to request the originating
transcoder to switch to "codec-through connect” mode. A timer TCodec, awaiting

20  acodec set acknowledge (CODEC SET ACK) message, is started in the terminating
MSC.

Upon reception of the CODEC SET REQ message in the originating MSC,
the originating transcoder begins to send SS frames on the speech circuit. When this
has been done, the originating MSC sends the CODEC SET ACK message back to

25  the terminating MSC using the CR stored earlier and the SPC and NC received in
the CODEC SET REQ message. Upon reception of the CODEC SET ACK
message, call setup continues with the sending of an answer message (ANM). If the
CODEC SET ACK message is not received before Tcodec expires, then the call is
released by the terminating MSC. The MAP messages are sent directly between the

30  terminating and originating MSCs using the SPCs, NCs, and CRs sent during the
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call setup phase. In a standard PDC network as depicted in
Figure 2, an originating MSC, denoted as MSC-A, is in radio contact
with an origi W@PHR™Wi gital MS, denoted as MB- A, that

speech coder and a channel coder. A call originated by M5-A 5 Is set up

fromthe MSC-A to a termnating MSC, denoted as MSC-B, through a link

or connection 10; the MSC-B is in radio contact with a term nating digital
VS, denoted as M5-B, that also includes a channel decoder and a
speech decoder. The MSC- A uses a MAP interface to ask the HLR about
the current |ocation of the M5 B, an& to receive that M5-B's roan ng
nunber, which the MSC-A uses to route the 10 call to the M5-B through the
connéction 10 an@3 RRIUNRRESS. Fi gure 2 shows the typi cal situation

operates in the "coder ¢ Aradsl $TK€ aetlerk 46 ey it Rigul® i Wilihating MSC,
t hrough the conndenote;haﬂMSCbA, iscipaadio cdntaa with an originating digitak MS, adtedted s ned

I nformation ele .0t he PDC- st ndrd aI| ssa d%ﬁ%
fully accomda%’?&ﬁ?&hﬁ&ﬂ% °°§ 0 egg‘ﬁile%&rﬁﬁe by M5-
suppl fem?gt arys Se:ciyéwﬁ?ifroiglhe mlwamm;mm?oﬁm%mcmﬁamgmmkm
specifie or the st re jnadequate for t etra |cc en
a terminating VS O £Qunection D?P’o%&éﬁgti foocoBiast Mth 4;fegmingting, di sl MS,

This situation i %ehdbéd’ﬁmtﬁdthhtrhlﬁiﬂ%&e&cﬁﬁﬂﬁél dReddRt hnd # H&Gd&e"l‘}iéce

is 20 i nvoked in MSC-B, a 1ogic device in the MSC-B causes it to read in

its category MS@%“@S @ WRAR intorface tprankithel HLRaboutthe surrent locatiogrofahaigs-
' f wh e
that VBB hae o bgiteseiys taf SIS rbabifl hiifinds? iR SRNEA Bits Wl )

er given
store. In rem)ons:alltt@ﬂtMB ithroagh the, cohitacuMS@ iBnd the MSCdlltEgumfﬂasluﬁd theo a

forwarded-to digital N5 C hayi unber it hr nectiopn 12
and a forwar ded- ﬁ?’%é‘ @QHUX’@B%%‘& gi‘ﬁ’é’? 91(‘)%3?%‘3%%?%5 % e network
gu]p?l erant ?ry Sﬁr opeRates méhed codec—throu néwthmdeﬁﬂd Wsmpgdirau{c;lded:ﬁ pabses S
ifficult for t e toe MSC-C to identify the

origi nati ng exch t\}(%é i Q%P'Fﬂ/df"ﬁe origi nating CR
information. In order Ther addmmﬁteaamfmaﬁﬁcwmmsdingtueamﬁﬁtahmdﬁgmy he

30 origi natpng MsC of anothr di |t not onl e SPC but a)J so the
net wor k ? % J messages do not ?“11)' cyontrcr)l procedures and some

supplementary services. For example, the transcoder contro} procedures specified
for the PDC system are inadequate for the traffic case when a terminating MS has
forwarded calls to another digital MS.
This situation is illustrated in Figure 3. When a call-forivarding service is
20 .invoked in MSC-B, a logic device in the MSC-B causes it to read in its category
store (which was updated from the HLR through a MAP interface when the MS-B
roamed into the region served by the MSC-B) that MS-B has forwarded calls to a
particular C-number given in the store. In response to this situation, the MSC-B
routes the call to a forwarded-to digital MS-C having the C-number through a
25  connection 12 and a forwarded-toc MSC, denoted as MSC-C, thereby completing the
supplementary service.
When such a call is forwarded, it is difficult for the forwarded-to exchange
MSC-C to identify the originating exchange MSC-A and to identify the originating
CR information. In order for a terminating MSC of a digital MS to address the
30  originating MSC of another digital MS, not only the SPC but also the network
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ldentity of the originating MSC nust be determ ned by the term nating MSC.

In the current PDC standard's specification of the |I-nod h

term nati ng MB@%I@ T es t he network identity of the O&M MSC
fromthe "charge area" information i ncluded in an | AM sent fromthe
originating MSCto the termnating MSC. In 5 particul ar, the network
identity of the originating MSC is derived fromthe NC data and
nmessage area (MA) data in the AM Neverthel ess, in the

traffic scenario illustrated in Figure 3 the "Charge Area"
i nformati on el enent of the | AM sent by the Q/SC-B cannot be used by the

MBC- C t d 1 t {
the forwardi ng 12 éd 0} e ne %}éﬂggﬁ{]ﬂs t“ng éﬁgﬁa{a éﬂ‘%ﬁ&nﬁo‘gg‘gl?ﬁﬁ
in the | AM sent dm&-ehﬂmd@ﬁndard's mamm meteﬁmnﬁmteaememdl ng

subscri ber Ms5-B, not the subscriber originating the cal

Moreover, as i | Ingtwork: dgntity ofj r%“@“a&cMSC WR@nﬁ’Gathmerm dmfgrma@on

initiated, the gpgg Iéﬁq&ﬁ m‘ﬁ@ RESS

coding w II éLS not regﬁﬁ Its T1na f@s“ nau% Smg:% sﬁ'ﬁg&%agg dat a
in the | AMi8 ugpsrtiouiar, the networkiidentity of the wEiginating:M ea¥ed tha NChdata AM i s
used to addressa&‘Q %@C{é I%&TT@EA ﬁg{t for this is the forwarding
subscriber M5-BTS C ge Htam?norwar ng | eg of the call.

Furtjh]e][ nor e, fS| nce erv&nnwﬁ,dnmmﬁemipmmmgm &rerBetlhd\mlhr fc\Afea”

is different framthe. networ ori at C-A . ca g may
be 20 1 mpossi DRETPEG-GIRE o the TARG et B SEMEE 1 rmpire Brbee s USCH
singl e network. to derive the networK {#entity £ the FB@itALFEMSCOA Becaéethé fiFwhriingCieg |

f or war di ng Itlﬁ call referencjng under. the | SUP for_caomuni cation
r

bet ween di f 88 erié Mdepsndenfe $husy the Ghagee Area” information in the IAM sent by gheSC-
standard and th%%emcbeﬁ%eae%wmhgmséﬁb&mt métasscﬁberms-

termnating MSC-B sends an address conplete nmessage (A
originating 25 Apsginatingthe caly rressage | ncI udes the SPC of the termnating

MSC-B, as wel | &egng | %ﬂﬁhﬁﬁ C and
CR are used by the ¥ Cagtﬂ en send| t he code’c sgt up ackno %ﬁﬁ’
message to the mm;&emdmsempmqummeMgetqumMaMchm@o&ngm

channel o080 4t g T B, b, g P b Bkt e o
“address the MSC-A and the NC data in the IAM is used to address the MSC-B. The
reason for this is the forwarding subscriber MS-B is charged for the forwarding leg
of the call. Furthermore, since the forwarding MSC-B may belong to a network that
is different from the network of the originating MSC-A, call forwarding may be

20  impossible to handle with the transcoder control procedures of a single network.
' The other above-mentioned problem for call forwarding is call referencing
under the ISUP for communication between different exchanges and networks.
According to the PDC standard and the current I-node specification in the ISUP, the
terminating MSC-B sends an address complete message (ACM) to the originating
25  MSC-A. The ACM message includes the SPC of the terminating MSC-B, as well
as a CR allocated by the MSC-B. The parameters SPC and CR are used by the
MSC-A when sending the codec setup acknowledge message to the MSC-B to
confirm that the request for speech and channel coding has been received.
As illustrated in Figure §, if the subscriber MS-B forwards calls to another
30  digital MS in contact with the MSC-C, the SPC and CR stored in the originating
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MSC-A will still be those of the (formerly) term nating MSC-B. Since the
MSC- C i SWOHE/RHB i nati ng MSC of the forwarded call, thcPGRNRI6/0904 up
acknow edge nessage that is sent fromthe MSC-A to the MC-C contains
the CR of the MSC-B instead of the CR of the MSC-C. In othér words,
the CR of the codec setup request 5 nmessage does not correspond to the
CR of the codec setup acknow edge nessage. Since no response will be
received in the MSC-C with the CR all ocated Py t he MSC-C, the tiner
started in the MSC-C to accormodate the cal FMwill el apse, the set up

he Shown i Fi qur S A AER Kt i e b fest ety Neimindifip MESC 3 Sihoe tne MSG 6
N Iy e T P YT S
channel codi ng a%ggf is m"%&%@@wﬁ'& }"et?'ﬁé‘g%(g'%@?’ﬁd&r bgg?ﬁg?p@cﬁg-i@m%n
CELP/ VSELP codi ngof @8l QR @fah® MSC-C. InS@B&cwordsI R GRS thehbdes Qxthp Sepiest 2
speech coder, e., two_ coders should not be connected i n tandem

Thus, the con§lehtm6ﬁ§%ﬂe goee-naticorrgspand o dhe GRofitheodes, setupracknpwledae messggs.eg
b he MSC- By e oy ¢
etween the Bigddnd li’%p%@@vﬁl%kdx%ﬁv& hnsﬁx%slkgg-% %dth@%ﬁgllocated by

i ndependent call: the M5C A decodes the speech dat r transmssio tthg t he
MSC- C, whiMBCrG, hedimer started in theMSErC 40 accommoxite thaScall wilbelapseythed a

call, the f {m&g g&s e, T, it her . " ech"” or 3.1
kHz audi o. When aéé éeggﬁe:\ﬁ?sb%pgirgwar cflé‘g’, %%%@L%&F?B%ﬁ% Il have a
transcoder connect ed iAs shewndnFigup®3, VEBLR orMTELR data)is Beveded in the MBG-Al aid
speech quality. The result of this decaodi coding i uced
speech qual i w b&?ﬁﬁgzﬁﬁﬁmgﬁg\gnc@é%'ﬁ Ap gonnection &gp@e@ﬂmgﬂaﬁpwg?t%r
lower bit rate. TheMSC-C thenre-codes the information using both add\hbminel coding and
Wth Applicant's invention, unnecessary speech deco mg in the current PDC

25  standard netRASieR thedrexodaddntormption tg theMS-G.dn Foding, only analpgt al
termnal of ° sphghifinkis'iiys? B0 pRfided 8R! e looderCoL) tha LR MIIP Rt ON
overcones two shortcom ngs”of the cufrent standard: it provides
for identifying teeanestadgimtendery. Thus, thexeomsentional NBDC hstandard)pravides gthata the
reference whe§ a fAlraind 1Bt He MSTBUR the MsC-C hHl MY-CHEtHiifnda%s an
independent call: the MSC-A decodes the speech data for transmission to the MSC-
C, which re-codes it for transmission to the MS-C. To forward a call, the
forwarding MSC changes the TMR to either *speech” or 3.1 kHz audio. When 2
call is forwarded, both subscribers will have a transcoder connected in “spesch”

20 mode which may lead to a loss in speech quality. The result of this extra
decoding/coding is reduced speech quality becanse CELP/VSELP coding trades
speech quality for lower bit rate.

SUMMARY
With Applicant’s invention, unnecessary speech decoding in the current PDC

25  standard network is avoided when a call is forwarded from one digital terminal or
network to another. Applicant’s call forwarding solution overcomes two
shortcomings of the current PDC standard: it provides for identifying the originating
exchange and the originating call reference when a call is forwarded from one
digital network to another.

30 | It is therefore an object of Applicant’s invention to avoid unnecessary speech
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and channel coding and decoding when a call is forwarded from one digital
net wor k V40 Rer . It is therefore yet a ”’B&Pbct
of Applicant's invention to enabl e existing digital network standards

to support call forwarding operations while inproving 5 speech quality.
In accordance with Applicant's invention, these and other objects are

achi eved by providing accurate network identification and call referencing
during a call forwarding operation. Pgsgitive network identification
is-realized through the use of a new information el ement which
contains the net vwaidchamsttcoting 41 detoding WwhénWeallGs forWRed Rbinhe Wigital RkorkRe
changed during call setup in the network, even when call orwar di ng

i s invoked. Accur i 2noter.| referencing is realized through the use of
Transaction Capabilit | ' : I» ' at a
return result fxgﬁﬁ?ﬁgﬁgé?3?%5?%%3&égé?%3@%%§$fg@g&%%qpﬁ%&%%éé%ﬁgetup
request nessage, digital nepwark stendards tdsuppent calloforwiardingropertionse wiile improginlySC.

15 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figures |a, Ig i | RS MEEYa conventional cal setup between nobile
stations; InFacgordance mlithuApplivant’ dtvention )t theg add aﬁ@@rubgatsi aeal

' or war di ng

nmobi | e comruni cati Qns network w thout |nvocation of a call-
suppl ement ary ser%‘i?'&‘é@d 2] provmemg accurgle QE‘P"Q‘%‘%‘#W’!&%@S“& refgrencing dusingi ng

suppl ement ary ser ¥ icsleforvardinglpetation. PositiveQiEiwitk fdthtifeition ¢ Meed through the
Figure 4 shows network nessagi ng sequences in the case of call forwarding;

Figure 5 depicts WEOf@RRY sfounalion glegient hielbeontains thanetwerk code ofthe originating
TR0 M, VA8 Qe S O B

suppl enentary service in a nob ons ne acco
Appl i cant's i nvenforeardingnid invoked. Accurate qall gefeeenting |ik wedlized emoughc thel usa @f

party parameter yRgkudd EhsniiBf AbbRGubo part (TCA‘L)W%B’%‘%R}%% %%&r:%%l ON

i nformation el ement.
result from the originating MSC, acknowledging the codec setup request message,

will always be sent to the correct terminating MSC.

15
BRIEF DESCRIPTION OF THE DRAWINGS
Figures la, 1b illustrate a conventional call setup between mobile stations;
Figure 2 illustrate call routing in a conventional mobile communications
network without invocation of a call-forwarding supplementary service;
20 Figure 3 illustrates a call-forwarding supplementary service in a mobile

communications network;
Figure 4 shows network messaging sequences in the case of call forwarding;
Figure 5 depicts network messaging sequences in the case of call forwarding;
Figure 6 illustrates a call-forwarding supplementary service in a mobile
25  communications network according to Applicant’s invention; and
Figure 7 illustrates a calling party parameter number field modified to
include an *MSC address" information element.

DETAILED DESCRIPTION
30 Call forwarding presents special problems for transcoder control in a network
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that are sol ved b.y plicant's invention. For illustrative purposes, an
originating ‘W@@ i s denoted as MBC-A; an MSC that forwaPEESESOMN | 5
denoted as I\/ISC- B; and an MSC to which calls have been forwarded is
denoted as MSC-C. The invention is not restricted to the use of these
| abel s, however, but applies to any type or 5 nunber of network
conmponents involved in a call forwarding operation. As

illustrated by Figure 6, Applicant's i nventlon provi des for VSELP or
CELP data passing through the connection 18 as Layer 1 data, as before,

but t hi M5 .C-A |Instead,
godecI fhrough cgﬁﬁ m“"ﬁ@&’if“gpwew@%&m SWB@BWE‘TSS’ gﬁ@"’ﬁ@?ﬂﬁﬁk

for the call, somkmﬁmscaﬁrmse:ﬂ&fomﬁﬁ%anm&uehakM@QnaﬁptIOn
12, as Layer 1 datag, to the MSC-C, which sinply forwards the

information to tRRMES: to which callshave been fopwarded:sclenoted H%L@S@'Ca'rhe invention
decodi ng/ codi ng {shde reQAES %o ﬁﬁeﬁs‘éhofqﬁ@e'\gﬂeis, however but Iap%l}Q?l i a?'t&pe or

forwarding is activated between digital

network |ike3t henwmr@fmkmmmns invediediia afcaﬂmgﬁng opecition)/SC- C by t he

MSC- 15 B i s handl eg

tmra]twgrk o: ( exchange tﬁgathgrf %ﬁf@%l@%w’iﬁ&%%% fggw%;tﬂgﬁsth t
ird party (e. gCELmupasmn ughsthe penntetiom pshqwer t) ras befose, 't a

the signals attr to t rde |1 ,affect the or ating

party in a way stch maﬁg ! g&'ﬁ?&ﬁﬁw \pd%’tl\m?a% 8 otRdeggrou gq‘ ?Fg °é“0

recogni ze that Cﬁlambnmwrﬁbﬂ@ohamm%ruet&ﬁ s&that VSELP or CHEPVEML

I dentity |s’ﬁne part of the required proceSS| ng that a network nust

perform dur il aPRsss) throushahe eatgecsion i 2% haverol fatetodbe MICHCatvehich siaply t i on
f th t
0 e ne V‘ﬂfr%ai'dgeﬂﬂé'lhfbnﬁﬁmﬁi”td)'iﬁegMSab' géldrelsigbi{aﬁnc%l\g@ﬂk prta

f orwar di ng operatlon dat a which 1s use

answering rbil e @PQQ@E#OP@GS thareguces spegch quhhta(rl y separ ated from ot her data.
2ddr essi ng the NE & ANeER il Rsaaifile Sl b igial alon'aiblly il . (o
address", which. wwmhlui& thmﬁDﬁsystunkﬂlemibﬂmt xslfdmratdﬁd?w\melmsadﬁbﬂthe MSC-in
TRE/I : ? U'ILD hleAc I 1 Rg”"pléarn['i{?d asAQ“ ubdgp peiEst W %;%E%A’ts ﬁﬁb‘;loﬁ'%a’tﬁ“g{’rkl '%UP
1-9/JJ-70. 10 of exshasgecthat fonm‘rdémthelcﬂlll?e.gIMSC-B) to the third party {(e.g., MSC-C)
must perform appropriate processing so that the signals attributed to the forwarded
call affect the originating party in a way such that the originating network does not
- .need to recognize that call forwarding has been activated.
20 - Network identity is one part of the required processing that a network must
.perform during a call forwarding operation. To provide accurate recognition of the
network identity of an originating MSC-A during a call forwarding operation, data
which is used to address the MSC-A from the answering mobile subscriber MS-C
is clearly separated from other data. That is, the "Charge Area" information element
25  in JAM is not used for addressing the MSC-A. Instead, a new information element
called "MSC address”, which contains the network code of the MSC-A, is added
in the ISUP IAM.
An illustration of part of the format of ISUP IAM is the calling party
~ parameter number field shown in Fig. 1-9/7J-70.10 of Appendix I of the ISUP. This
30  field is modified as shown in Figure 7 to include the "MSC address” information

C
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el enment. The "MSC address" is not changed during call setup_in the network,
even thO3HUB | forwarding is invoked. Thus, the addFCISEY00Mc
MSC- A can al ways be accurately retrieved, and call setup will be
successful . Anot her part of the processi ng that a .network nust
performduring a call 5 forwardi ng operation is call referencing of the
term nating MSC by the originating MSC. The problemin the
conventional call referencing processes }‘\Er cal | f orwar di ng not ed
above is that the CR of the term nating éis sent to the

originating NMSCelénitnt. $4E "MB(C ARirdeMsTRE Siitdiged duing AGIVsdtp MAfié nérofld) @ven
originating MBC- A prior to call forvvardl n sQ the "term nating" MSC -
according to théhqllmt)f H@s@a’é &h“%sﬁbeﬂ‘!ﬁ%?ﬁﬂéé‘tf-h@ Crscancalways beat her

t he forwardi ng mm gdoes not always indicate
the MBG-C, where or vvar%léén? call bE; ansvver The
probl ens of call ref Anetherpgtafélesprbmdng);hahamemkhmgt peérfordRiuring a &P

fromthe tergmnating. VSC-B to.th cr,l natl nessage. 15
| nst ead, TCAP s RY‘.“’?‘B‘&EWEP gcgl l':‘r CEGE @%&W@“ﬁ%ﬁﬁg’gﬁ“ﬁ% es a
Wi ge valr: GMscof Thp Pproblein 6 thé @mé\rehiﬁoﬂat %augrlefemicmgnﬁ%&éﬁl f5t &gl ween
nodes in a ce s dialo andlin I n Lch two users
can exchange mu aFﬁlﬁﬁ I’I‘eraoqt“”"%‘s that thel'%RPg%FhSI @gn@gfm MSG s 80t &9 rﬂ!}’ct ur ed
or _unst r uct ur ed origafiREMSESATRIP fif AQM message. it ALMIARE W ine bR

reply froma user, is conventionally used for _network cont r ol

structured TCAPWWVWW&“ f?‘éﬁ[ﬂﬁ%@%'@@@ﬂ“ﬂénﬁ%ﬂ% tp dhel AGM
to a user, k§ prﬁé&g@'@& ﬁotfaef&me@&mdbw%r@é %ﬁ} dﬂggﬂhﬂms' n a

net wor K. he TCAP i ncl udes operations o erent
cl asses, the at tthe Aabém;sage does nqtialwaysdndicatt) tharMSE-T.awhere they firwevded-to
TABLE | 25 Qe DESCRI PTI ON

1 return nessage | S grlways sent indicating the transm ssion result

2 return nessage [The probjenssaoficall teferancing ave saleal by s sehdirigrthe CRevia ISUP
Lransmi ssion g e terinating MSCH'E B%5gioanRl MsCHin ‘e Wof\HALGH 551 0N
15  Instead, TCAP services are used. One feature of the TCAP, which provides a wide
variety of applications for the transfer of information between nodes in a cellular
network, is dialog handling, in which two users can exchange much information. A
TCAP dialog can be either structured or unstructured. An unstructured dialog,
which does not require a reply from a user, is conventionally used for network
20  control. A structured TCAP dialog, which requires a reply from a user or replies
to 2 user, is preferable for the "Codec-thru control” MAP procedures in a network.

The TCAP includes operations of four different classes, the attributes of

which are shown in Table I below.
) TABLE I
25 E CLASS ' DESCRIPTION

2 jreturn message 1S only sent if an error occurred during the
transmission
' E jreturn message 1s only sent if the transmission was free from errors

n 4 ]Lo return message 1s sent

A TCAP Class 4 operation is conventionally used for "codec setup request”,

ﬂ 1 [retarn message is always sent indicating the transmission result

30



4 no return nessage is sent 30 A TCAP Cl ass 4 operation is

conventionally used for "codec setup request”, WO 97/ 02713

PCT/ SE96/ 00904 15 and
is defined according to Table Il. Using a TCAP O ass 4 operation, a "codec
setup request "WPST8PA} by the-terminating MSC-B to the ori gi FEIIYR6RI%Ne A
but no return result is sent fromthe originating MSC-A back to the
term nati ng MSC. TABLE I'l . 5

CLASS 4 CODEC SETUP REQUEST CODI NG Codec setup request Timer =
0 Class = 4 Tag Code 01001001 Paraneters contained in | NVOKE
am 1 CR M Codec status
M 10 Li nked operation Th® conventional codec set up

acknow edge ness | efined..accordi,ng, t,0. e Ll11. 15 i
TABLE |11 i 1d Jefid wBSuiRE &i%§°31~c§i%§€fﬁﬁ%wﬁm| gu(godec
Codec setup conf iséttp request” isi S8R bythe terminatih@ MSC-BAo theleripisatidg MSCM)BLOAS

Par anet ers contai ned in INVC]<Ef o.M, Il CR L
M 20 oK/ NG retum result is sent from the originating MSC-A backyp the terminating MSC.
operation Instead, in acgapiEmge W th one aspect of

Appl I Cant ' S vae 4’7—_'4i—_*‘i’7—_’—"‘*’;_‘77‘ ————— T —won—— o —— Bt e OO aR
setup request™. oy ar

M

10
The conventional codec setup acknowledge message is defined according to
Table III.
[ CLASS 4 CODEC CODING ]
odec setup confirm Timer = 0 Class =4  lIag Code = 01001010
arameters contained in INVOKE oM
CR M
20 K/NG M
1 operation
ull ]I

Instead, in accordance with one aspect of Applicant’s invention, 'a TCAP
25  Class 1 operation is used for "codec setup request”. Thus, a return result from the
originating MSC-A, acknowledging the "codec setup request”, is always sent to the
correct terminating MSC as provided by the normal TCAP features. Using a TCAP
structured dialog, the originating MSC-A can also respond with a reject component,
if desired.
30 The "codec setup request” operation according to this invention is defined
according to Table IV, using the current I-node specification.



originating MSC-A, acknow edging the "codec setup request”, is always sen

t

to the correct termnating MSC as provided by the normal TCAP
freatures. Using a TCAP structured dialog, the originating MSC-A can
al so respond with a reject conponent, if desired. 30 The
"codec setup rW¥ M3 operation according to this invention PETFENRY
according to Table 1V, using the current |-node specification. WO
97/ 02713 PCT/ SE96/ 00904
16 TABLE 1V

CLASS 1 CODEC SETUP REQUEST CODI NG Codec setup request Timer =5
Class =1 Code = 01001001 Par arIgter cont ai ned i n | NVOKE

QM5 1 CR ' M Codec status

M Paranmeters contained in TA] IVOI M RETURN
RESULT Null 10 {m,l et -000 ' Lo Codgac
Failure 15 | As_an alq:’e‘?‘%tllqébﬁ@ WQRE_LSEISE&QD&!GTCAP ]
procedure, as def ee!uprequest TablBmey/= 5. eClass /¢ arCodes+116@100¢d

dialog, a field

request” and § cof

nmessages of TTC
"cal

"cl", for
request”

TABLE V

20

10

15

35

MSC- C (the actua

dohaainecbum the (Tlmass 4codec_setup

i
i
LT
i
|

g co " 2P
n I.YPP" d be the caII reference all ocat ed

N

As an alternative to using a structured TCAP procedure, as described in
Table IV, i.e. using an unstructured dialog, a field can be added to each of the
Class 4 "codec setup request” and "codec setup request confirm” (codec setup
acknowledge) messages of TTC JJ 70.10 Ver. 3. The added fields might be called
"CI", for "call identity”, as shown in Table V for the “codec setup request”
message, and would be the call reference allocated by the MSC-C (the actual
terminating MSC).

' TABLE V
MODIFIED CLASS 4 CODEC S RE T CODING

Timer =0 Class =4  Tag Code = 01001001 ‘

M
odec status M
all identity M

- ____—

Adding the CI fields, which would conveniently have the same format as the
IICR fields, enables the use of Class 4 operations, but the originator of the operation
automatically receives an answer whether the operation was successful. A correct
call reference would always be returned to the originator. Adding the CI fields
fulfills the objectives of class 4, identifying the call initially and staying unchanged.



Codec ;setup request Timer = 0 Cdass =4 Tag Code = 01001001 25

Paraneters contained in | NVOKE am 1 CR

M’ "Codec status M Call identity

M Li nked operation 30 Nul | Adding the Cl fields,
whi ch woul d coWgﬂf“mly have the same format as the | | GRCT/SRIF/O0904

enabl es the use of Class 4 operations, but the originator of the operation
automatical ly receives an answer whether the operation was successful. A
correct 35 call reference would al ways be returned to the originator.

Adding the Cl fields fulfills the objectives of class 4, identifying
the call initially and stayi ng unchanged. WO 97/ 02713
PCT/ SE96/ 00904 17 17

I n accordance with an alternative asgect li.cant' s invention, ,
" codec set up relﬂjﬁ??‘dg? ‘&@f %“@5 ?‘RE‘%‘C@ /HIBYEntgn, de; Efﬁiei
(ASN. 1), which lsetuplrequest" ik defined0esifg0 AbSIRSE 5yridinh Wokdtoh At L1), WIREHTRY 4 ON

that is recommen l‘% t he | nt er nat | .onal Tel egraph Tel ephone
Consul tati ve mnﬁm fescAgseribingy, gtructyred: dnfogmation that iscregemmended hysNbe 1

notation is showlnBRheal Telegraph & Te@h&%%o&uﬂlﬁ%?ax@?ﬁzgm The "codec

CodecSet upRequest :: =
cal | Ref erenced  setup requesi! iRASHL: b netatiarpis shown below: codecSt at us

CodecSt at us thﬁ ? ERRORS
CodecFai l ure ASN. B%I? ﬁ‘ap‘é?ﬁc i nformation el enents that are
conventional ly sent i Codé¢énSetupRequestChi=rres ORERATION)e del eted from the ACM
nmessage, since these g Wn 15 el enents are exchanged usi ng ot her
nmessages. This frees g he ACM nessage for additional
i nfornation,. callReference CallReference
10 codecStatus CodecStatus
RESULT
ERRORS CodecFailure

The CR and SPC information elements that are conventionally sent in the

ACM message can be deleted from the ACM message, since these information

15  elements are exchanged using other messages. This frees space in the ACM message
for additional information. '

Applicant’s invention, as described above, enables call forwarding to be

supported in a PDC-standard network, while providing better speech quality by

. avoiding unnecessary speech decoding when a call is forwarded from one network

20  or exchange to another. A new information element called "MSC address” that

contains the network code of an originating MSC is added in the ISUP IAM, so that

the address of the originating MSC can be properly determined by a terminating

MSC or, if call forwarding has been initiated, by a forwarded-to MSC that receives

calls forwarded from the terminating MSC. A TCAP Class 1 structured dialog is

25 used for the "codec setup request” operation, so that a return result signal

acknowledging the “"codec setup request” is sent to the correct receiver, in the

. terminating MSC or, if call forwarding has been initiated, in the forwarded-to MSC.

It will be understood that Applicant’s invention is not limited to the particular

embodiments that have been described and illustrated. Le. the invention could be

30  applied to any digital cellular communication system like e.g. D-AMPS (ADC) or



Applicant's invention, as described above, enables call forwarding to be
supported in a PDC standard network, while providing better speech quality
by avoi di ng unnecessary speech decodi ng when a call is forwarded from
one network 20 or exchange to another. A new information elenent called
"MSC address" W@&I27I3  contains the network code of an ori BFHEFM6ASC i s

added in the ISUP | AM so that the address of the originating MSC can
be properly deternmined by a termnating M5C or, if call forwarding
has been initiated, by a forwarded-to MSC that receives calls

f orwar ded fromthe termnating MSC. A TCAP Class 1 structured dialog is 25
used for the "codec setup request oper at i og so that a return result
si.gnal acknow edgi ng the "codec setu request is sent to the correct

receiver, in the rIn pat. I war, s _be
nitited, in t nGSM, Qe S, Rk soron cobid B dspd RirtRiilE Bl RiuRRRRE | 1o
Applicant's invelike;0A-BSOD, AB»CoD-E dtd1c WiRfd i ‘W dépresents infly S
that have been described and illustrated. |.e. the |n\‘/‘ent| on could be 30
applied to any dS#stEber WORMRER 2 Egiatnfervad Bih MyCohe B Jearegents asubioriber ApC)
or WO 97k Querfiin a region served by MSC-B which subscriber “B“ hasforwarded his calls
PCT/ SE96/ 00904 GSM
O course, tiHe |M§h@$@@“§%ﬂﬂbﬂ'&“mmémﬂwm¢dﬂéﬂmwbwﬁbﬁ

f orwar di ng lafple §ry néy B fas Todwalied €4S, e s the
originating sbule)i'slg%#?lénr&rsoam ng |hﬁ§%ﬁ$é% gnﬁs%@%gﬁsgﬂ%sé P&?@?Qh
represents a subaaegxbmserved by MSCHDNand so en.r'Fds amwonectnbmplﬁﬁﬂwﬁlddll

subscri ber "B" has War s..cal.ls 5 0 _an ar subscri.ber

roaming in a regf gﬁgﬁ%mm fﬁ%ﬂp cant’s IRveation as eg“Tqun
has forwarded hi aymﬁéfoﬂomgxmman ot her subscriber "D' roamng in a
regi on served by MSC-D and so on. This application contenplates any and all

nodi fications that fall within the spirit and scope of Applicant's
i nvention as defined by the follow ng clains.
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CAl VE: 1. A nmethod for setting up a call between an
originating %'W‘ er roamng in a region served by Eosrbosdd L1 | €
services Sw tching l%enter (MsC) and a termnating sub@?ﬁl ber roam ng
in a region served by a second MSCin a digital 5 cel | ul ar

r adi ot el ephone network in which the term nating subscritber—has-farwarded

calls to a forwarded-to subscriber roamng in a region by a third™
VBC, conprising the steps of: sendi nm mm e
second MSC fromthe first MSC, the nessag i denti Imno
whi ch the originating subscriber bel ongs d acall 10 referende § »

i denti fying thecfﬁl\ﬁ{i n the first MSC, passi ng the nessage to
the third MSC fromthe second MsSC; sending a request to the

first MSC fromthe thi r dAMEEthod hfer seitinesp a call betweep as originating sybsaribes peech
codi ng and channel. codi ng;, and o Sending a.retyrn si | from
the Trrst NEC (TGRTRE AFeBionAseved yca fint Mobila services Sholbhing et MERD 20¢ t ne
request. a terminating: subscribB€ rdiRfifpOR Dfegivh 3bived by faldebdiRy MiSCGh Wkigieal t he
steps of: . speech codi ng and .channel coding data for

transni ssi of f regBnianadiotglephane netyork in which \he terminating swhscriber has forwarded
channel decodi SRR edRCaB ?&aﬁliﬁge | rs&%ﬂ = i i ng 20
subscri ber by the E“g?m nat 1 ng sﬁggd(g?ﬁlgﬂer; ﬁ‘eh\isaoﬁ ??e?%h@ggfep of
channel decodi mgmprising thecsteépsaddtodi ng data i s perforned only once for

Fsgﬁdicﬁl\:jl é request aﬁ%‘din%‘ a m?%%ﬁf@%%ﬁ%?#@@ﬁép‘eﬁ{ %’g%% SaOf
structured TCARdelitififing 2 f€twork to which 4he origifitingneitaatibepf beldngs rand, a walkr ei n
berforned 30 uristrats feaifiabe Gl ge i MEE "0 7 1O ST MO, o
claim4, wherein inpgamg t8é nleb@ps &S the kitd MBI féithe second MEcal ogs for
requesting and sending a return signal _a field is included, which field
i ndi cates the i dent iSeaingr at Feguess|tp the first MSC from the third MSC, the request
requesting setup of speech coding and channel coding; and
sending a return signal from the first MSC to the third MSC, the retumn
15  signal acknowledging the request.
2. The method of claim 1, further including the steps of:
speech coding and channel coding data for transmission from the originating
subscriber; and
channel decoding and speech decoding data received from the originating
20  subscriber by the terminating subscriber;
wherein the step of channel decoding and speech decoding data is performed
only once for the call.
3. The method of claim 1, wherein the steps of sending a request and
sending a return signal are performed as a structured TCAP-dialog.
25 4, The method of claim 1, wherein the steps of sending a request and
sending a return signal are performed as unstructured TCAP-dialogs.
5. The method of claim 4, wherein in each of the unstructured TCAP-
dialogs for requesting and sending a return signal a field is included, which field
indicates the identity of the cail.
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20 ° 6. An apparatus for setting up a call between an
originating subscriber roami-Ag_in a region served by a first Mbile

in a region s&¥0 13 a second cel | ul B¢T
r adi ot el ephone network in which ubscriber has forwarded 5
calls to a forwarded-to subscri ber roan‘\ ng |ra a egl on served by a third

services Switchin g Center (MSQO) ;nd” \’t?rmﬂatl ng subscri ber roam ng

VBC, conpri si ng: means for sending a message to the
second MSC fromthe first MSC, the message identifying a network to
whi ch the originating subscriber bel ongs a’ﬂld a call ref erence

identifying the call in the first MSC, 10 nmeans for passi ng the

rressagetothethlrd MSC f,r.Q C ns.f orn
sending a request to the r@%&% %NE%W antoHEma SUbfcé’(S’ﬁ'é
requesting set Ugosthing e & ¢EiGPsErved B ifintiMobile servides Switching Center (MSC) and

means for sending a return_si naI fromthe first l\/BCto the third MBC, the

return signal a@k‘_ﬁBW’%@@WB B FQImingsin a region served by a speond MY dn 3.digitah( s
of claim6, whergiilal ABickdEhend nSREK il WHIBPNS t&R5hatife subscriber 'hﬁfﬂi‘ﬂaﬁb&gnal

sendi ng neans carry out a structured TCAP-di al og. The
appar atus ofScl £als & afpeyasded-torwbipibererosming in & qegion sewedibyg tlurd MS@eans
and the return gl?ﬂLngendl ng nmeans carry out unstructured TCAP-di al ogs.

u

9. The appar at ‘claim8, wherein the unstructured TCAP-di al ogs 20
carried out by the remansforssemﬂng\g messape tathe sebondr MSGr fivoms itkgnfitst MSﬂjlthg
mans i nclyde 2, Rk S Roh e iE) B & Sg Nkl L} 52
reference identifying the call in the first MSC;
10 means for passing the message to the third MSC from the second MSC;

means for sending a request to the first MSC from the third MSC, the
request requesting setup of speech coding and channel coding; and
means for sending a return signal from the first MSC to the third MSC, the
return signal acknowledging the request.
15 7. The apparatus of claim 6, wherein the request sending means and the
return signal sending means carry out a structured TCAP-dialog,
8. The apparatus of claim 6, wherein the wherein the request sending
means and the return signal sending means carry out unstructured TCAP-dialogs.
9. The apparatus of claim 8, wherein the unstructured TCAP-dialogs
20  carried out by the request sending means and the return signal sending means
include a field which indicates the identity of the cali.



