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PCT/ US96/ 06291 CELLULAR PRI VATE BRANCH
EXCHANGES For ease of reference, a glossary of terns and
abbreviations is provided herewith as Appendi x A. 5

BACKGROUND OF THE | NVENTI ON The present invention relates to
-apparat uses and_net hods for inproving nobile communi cation. Mre
particul arly, tWOP¥Ont invention relates to novel cellular BeT/gaeae291
branch exchange apparatuses and nethods that advantageously inprove
conmmuni cation quality and network bandW| dt h, while sinplifying

I npl enent ati on, mai nt enance, {&adlilg H] ANCH EXCHAWNGHES] and wi rel ess
private branch exchanges (PBX s) are knovvn in the art. Prior art

PBX' s permit tel ephofeesebfrefirtnoe,m gldssarylofterins ahd abbRdvRatiom) ik Provided Her@With as
anot her by usi Nn@ppdifix A. switching circuits provided locally within the
PBX base unit. Inwred PBX s, wired tel ephone sets coupled thereto
have the obvi ous di sadvantage of being inmmobile. Prior art wreless

PBX' s of fer some degree of nobility and ease of inplenmentation yet suffer
from sone 15§ significant disa GR@UNDTQF T INVENBON scussion, Fig. 1
Illustrates a wireless private branch exchange system (wPBX) of the
prior art, includinglhe piesxt idEntiodPiskites GO dpparatosepland mheahads for improviiy

whi ch typi cal | ycmui@sios. OM@re phidichlar M@'

l i nes 104 106. "Ihlffg‘s ]ao thg?éﬁ%&tm%é%e iﬁﬂ;‘}ténfg@k ne
106 is coupled t0 TS L PREY god methods, that; ad JMBFAVE Cemmppigation; qyality
sinplicity of inetwerkibandwidth, mbélmnmmgm@hmtamtemmmme. and npgradea 110 to
facilitate cordless conmunication with a plurality of cordl ess handsets 112

and 104, In tWied ypl wirtlessipriedte BanohRiRdhanges (PBX'S) ark Reowai indthe &t.t Price&h
base unit, suchpBgsh@m #kbhone sets withthQR dom4d 15 Haky’ c£8AroRE Snd Mﬂsﬁ?gsthe
Ll switching circuits provided locally within the PBX base unit. In wired PBX's, wired telephone
sets coupled thereto have the obvious disadvantage of being immobile. Prior art wireless
PBX’s offer some degree of mobility and ease of implementation yet suffer from some
15  significant disadvantages. To facilitate discussion, Fig. 1 illustrates a wireless private branch
exchange system (wPBX) of the prior art, including a wPBX 100. WPBX 100 is coupled to a
line 102, which typically couples to a public network. WPBX 100 is further coupled to lines
104 and 106. Line 104 is coupled to a base unit 108 while line 106 is coupled to another base
unit, which is omitted from Fig. 1 for simplicity of illustration. Base unit 108 includes an
20  antenna 110 to facilitate cordless communication with a plurality of cordless handsets 112 and
114. In the typical wireless wPBX system of the prior art, each base unit, such as base unit
108, typically controls two cordless handsets.

Unfortunately, cordless handsets in the prior art wireless PBX has no roaming

capabilities, i.e., having another base unit handle a cordless handset's communication needs

25  when it roams outside of the range of its home base unit. Roaming is not possible in the prior

art wireless PBX because, for example, frequencies are not coordinated between wireless PBX

systems and the cordless handsets do not have the capabilities to make the exchange between

PBX's. Further, a cordless handset's telephone number in a wireless PBX system is typically

associated with a given frequency, which is associated with a fixed port on the PBX. From the

. 30 point of view of the PBX, therefore, the cordless handset is fixed to a PBX port just as in

normal wired PBX's, thereby inhibiting cordless handsets from roaming.  Another

. disadvantage of the prior art wireless PBX systems relates to the use of low-power and
proprietary transceivers, which significantly limit the range from which a cordless handset can -

be taken from its associated base.



Unfortunately, cordless handsets in the prior art wreless PBX has no

roam ng capabilities, i.e., having another base unit handle a
cordl ess handset's conmuni cation needs 25 when it roans outside of the
range of its honme base unit. Roaming is not possible in the prior art

Wi rel ess PBX because, for exanple, frequencies are not coordi nated between
wirel ess PBX WO%RRlens and the cordl ess handsets do not haveTbssos291
capabilities to nmake the exchange between PBX s. Further, a cordl ess
handset's tel ephone nunber in a wireless PBX systemis typically

associ ated with a gi esHulariglgphone systews archalsd knovers Howetaeballs frém aelfulax fbnd G&ts aen

the PBX. From t hgpidlly bagk-hdifledOdll the SWayOl 4 BhtrlBvitch NEloRnOsLa ggQ%B\&BS Setvices
"the actual

handset is fixed_}. P ' as..i.n nor nal r S
t hereby i nhibiti %%%Ff?ﬁ%@%%%ﬁk Spitchvd: ?’o&'ﬂ?“‘ﬁ@‘.’nw‘eﬁn%%‘?ﬂ words,

di sadvant agecsof $'iichipg issentepfized ip the prioy arteliplas pemmpmication aystems. oThiis so sithawgh it
| ow- power and . may be mpere pfficiehwin yorhe MpPReationses cross\bbinelt aba EibkystefdMskdto te Befiular
the range from V%ﬁi}ts{ﬂ ie9 'éfjk%ée %ﬁ%gﬁ%g%gﬂm is lowexb Sl Eh%kEengricohrperla}cﬁy. More

associ at ed base., . ( i i _
PCT/ US96/ 06291 ‘mportantly, the centralized grossicannection of s reprssests @p-inefficientyss of tap agtnork
However, calls fbandwidt, thedeby lipitiog the samnber af ezllular accounts ygivesplior alt aeliild systeitican
all the way to apmaetral switch, known as a public nobile services
switching center (MSC), to be switched, or cross-connected. In other words,

t he actual SW | | al J in t prior. art .cellular .
communi cat i 01r9 syst ens. "lB'g qmngogmé)ﬁtﬁoé&ﬁla’f tmpa@ﬁty YRIGALY inyolyes é‘?f‘f"t’:‘?aé‘ﬁ’t' 9fn
some applicati on@squffe&?mmeé%mga%bhacgwsm@iﬁ@ pnd oaiveccalin | Whemthere
handsets, i.e., iatoaxistrpepublic telialanaiveragel ekl ii reinbte|lGatdns ioP sthitPalbiR! idisttial sites,
hi erarchy. Mor ' ' Al | f_.
calls represent %‘ﬁaﬁ hr?gié %;%%P {xl'ubsﬁygdtAifi]l%tlJl %gm%é@lv%ﬁgﬂog ETB?%B%%@%? g‘%‘{?{,%’gtbﬁ%egy
limting the nu C §yyiiched Eigphope BEweRsh S a given prior art cellular system
can handl e. 10 Currently, the provision of cellular
capability thpi cal | y Furthes) thepdditien or iremavat pHa celfular accounty isprior aassceulmsygtems
to existi n?_ publ invariably linobves BiGiniéa It the ipablitideRula WRE.C K condalized aliBRRehibRl oF
is no existing p . t cations_qr . .
stand-al one in du%?%ﬁ@ok\%éc?{;u?%%[@ﬂ%.ss ﬁeﬁdﬂityinﬂi dontt8) s6r M&tra?cprs atJbcal sites,
e.g., a telephone administrator of a client organization, to freely administer, update, add, and

delete cellular accounts.

20 In view of the foregoing, what is desired is an efficient, low-cost method and apparatus
for providing cellular voice and data capability via standard cellular handsets. The invention
preferably minimizes reliance on the public cellular network while simplifying implementation,
maintenance, and upgrade.

25 ' SUMMARY OF THE INVENTION

The invention relates to a cellular private branch exchange for facilitating cellular
communication for a first plurality of MS units, which includes a first BSS for communicating
with a first and a second MS unit of the first plurality of MS units on respectively a first and a
second cellular bearer data channel. The cellular private branch exchange further includes a
30 cPBX unit coupled to the first BSS. In tumn, the cPBX unit includes a private MSC for
providing mobility management for the first plurality of MS units, the private MSC
representing a first cross-connect node capable of cross-connecting the first bearer data channel
with the second bearer data channel for calls between the first and the second MS units. Further
the cPBX unit includes a private registry coupled to the private MSC, the private registry storing

35  subscriber information pertaining to the first plurality of MS units.
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cel lul ar handsets cannot be used al t hough the sane | ocation nmay al ready be

covered by wred public switched tel ephone networks. 15

Further, the addition or renoval of a cellular account in prior art
cellular systens i nvariably involves changes to the public cellular
network. The centralized adm nistration of cellular tel ephone
accounts resul t SMOPSPEOE f| exibility and control for adnini strarCEESISE291

| ocal sites, e.g., a telephone admnistrator of a client .

organi zation, to freely adm njster, update, add, and del ete cel lul ar
accounts. 20 In one prbedinagptsrcalt path besweagshafirst apdh the s¢oondiMS) ynits, incjuding the

ef ficient, | ow cdistbensdridata chantel s teatdond bearer data bidinngl] Y tidicals KeRbeen! tid frst and

voi ce and data capalbdnit s pT%ﬁ*’ I : ' | O '
preferably mnimzes r.kelll\}f%\irﬁigs ‘ig;ﬁ@?ﬂ?epu [ égggh@u%&ﬁgf%ﬁg?ﬁé]@%&ong MS's
si npl i fying i npl SAERPYEYGT e same 1ate. .y nt enance, and upgr ade. 25

SUWARY COF THE | NVENT] ON . The invention relates to a cellular
private branch exchanBeanother embpdiment; theginveation, relates to a cellulap privats bratdhoexchange
a I ihr st f pl uE al i Eiy!ehviforld\/ﬁarLfﬁéxlitSnn' i g\_l‘éﬂlﬂ?l‘ toberhGlag ?nﬁaﬁabﬁgsh_fﬁﬁ%l?@ﬁl\%ca”ﬁbﬂ : jeC @hriong
Wi a first and; 59‘“@ e, . unkts o
respectively a f in?lgl? .an gal@t%%&mge%%ﬁhgmgfg ul %r%?&é@% sgrg{cgs E‘ﬂ'%ﬁ‘g} c.enr}ﬁ‘h@r
cel lul ar privat epmw%mem&fwﬁeww&ome stagonsy The inventive gellular
to the first BSSprivate branch exchange RBioria ifirther includessa private vegrisey Mo@plédoto the private
provi di ng ToRO! | tnibbilB AR BHchiry el of rbrily AbiRl: slirmBlioh RehtBink She Al Shurality

f r e gapa 'e o

private MSC L&l resenting a first crdss-connect no
Cross-connecti ng of g 'Fq Y80 earer data channel with the second
bearer data channel for calls between the first and the second M5 units. .
Furt her t he cPHythen the ifveativegelinias pHyateransh exchange netwerk ipdlusigs 2 priviatecbranch
private MSC, t he epchangetlupit caupledits the piivits Mehile sérvicesswhieting dafiter dnfl iR piRdte RBistry for
ger tarning tot h‘i‘)rdcvitfix&tPlf’k‘fﬁxﬁhbﬁsyfoP{he YR Bidthify of mobile stations, wherein the private mobile
15  services switching center provides mobility management only for the first plurality of mobile
stations, the private mobile services switching center performs cross connection of call paths
only for calls among the first plurality of mobile stations, and the cellular private branch
exchange network inhibits a second plurality of mobile stations implementing the first standard
and not registered with the private registry from using resources of the cellnlar private branch
20 exchange network for communication regardless whether the second plurality of mobile.
stations are authorized to communicate using a public network in the same geographic area.

In yet another embodiment, the inventive cellular private branch exchange network
further includes a plurality of base station controllers coupled to the private mobile services
switching center, the private mobile services switching center provides roaming and handoff

25  capabilities for the first plurality of mobile stations when a first selected ones of the first
plurality of mobile stations roam among location areas controlled by the plurality of base station
controllers.

These and other features of the present invention will be presented in more detail in the
following specification of the invention, the figures, and the appended claims.

30
BRIEF DESCRIPTION OF THE DRAWINGS

Additional advantages of the invention will become apparent upon reading the following
detailed description and upon reference to the drawings, in which:
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PCT/ US96/ 06291 In one enbodi nent, a call path between the

first and the second M5 units, including the first bearer data
channel and the second bearer data channel, for the calls between the first
and the second M5 units does not get TRAUed, or rate adapted, if the
first and -the se¥BRPRE s communi cate at the sanme rate. PCHUS96/06291

I n anot her enbodi nent, the invention relates to a cellular private branch
exchange “network for facilitating cellular conmunication anong a

first plurality of noBe|ldsadiagrnmshowing a wirgless|pevawnbrannl) eachangessystemnawiBX) of the
whi ch includes apmresate nobile services switching center for :
provi ding nmobility managenent for the first plurality of nobile stations.
The inventive cell ul &g, 2 illustrat¥d r¥tbRndivR RIS S 6HARISHASLMREK T ur t her
includes a private registry coupled to the private 18 nobi | e services
switching center for ra HRREhd bt | .regarding.the first
plurality of rmlﬁ 'Pealg‘tgsa'?l oné%lbng%mhﬂ C%ﬁ%%tg'gl'—‘h?‘f* et g’ﬁ% %, §iRE of the
cel lul ar pri vat SPHFEHRYFMS% hange net work incl udes a private branch
exchange unit coupled to the private nobile services switching center and
the private registry Hig@4 shows in asymboligiforqapeEBX snbeysteorR06fo6Figt ke fir st
plurality of nobile stations, wherein the private nobile 15 services

swi t ching center pr oHigidshowdohe implemenadmmnaft mltisie FRBX bVefiaf heétwbrkiih décatdakos

of nobile with Gdel 299221 of i rddbr: ¥ALRICRODI | € services switching center
perfornms cross connection of call paths only for calls anpong the

first plurality of i | i he | ul ar _private branch
_exclhanget _netwoLk :cp%#’t?hgt@e%%ﬁgmﬁsﬁug%{thﬁ/&?Suﬁﬁﬁ{et s;ati ?Rsth at

i mpl ementin e fir ndar . and not regi stered w e private
registry fr-g usi ng %&?&ﬁ%‘ﬁ%m&m’f‘%@é@?‘}tiﬁlﬁ'ﬁ“ﬂ)ﬁ‘? 3%9 branch 20 exchange
network for communication regardl ess whether the second plurality of nobile
stations are authori Ze8 8580%% ifensicekedimant & syrbolic ppresentasion,of an inMentivec

geogr aphi ¢ ar ea. accordance with one aspect of theqireserit ivetionenbodi nent, the inventive

cel lul ar private branch exchange network further includes a
plurality of base st ik @xhewd)id ételeBibsdimentPd BRIX infoghube private nobile
services switching center, the private nobile services swtching

center provides roam f: Il 4l %i g : fis
plurality Ofl%bﬂze sf?%jtliag‘g% when zim?llﬁ%eg% ﬁsigﬁgfgt e %e%gé?owtaﬁcg ‘?llmrs(gn[e aspect of
plurality of “hobffB=ELEYEHEY oam anong | ocation areas controlled by the
plurality of base station controllers. . These and
other features of thdigh QR and 1GG/ehew imunk medujecin gecordane aith one geneet of dhepresentn

t he invention;

Fig. 11 shows different possible configurations that a single modular system chassis
may have in accordance with one aspect of the present invention;

20 Fig. 12 shows, in one embodiment, a multi-site configuration, including their possible
signaling and bearer data paths; -

Fig. 13A shows, in one embodiment, a HLR/VLR registry;

Fig. 13B shows, in one embodiment, the steps involved when an MS unit wishes to
update its location with a private HLR/VLR registry of a private cPBX network;

25 Fig. 14 shows, in one embodiment, the steps involved when a private HLR/VLR
registry processes a received access request;

Fig. 15 shows, in one embodiment, the steps involved in updating all HLR/VLR
registries;



foll owi ng specification of the invention, the figures, and the appended

claims. 30 BRI EF DESCRI PTI ON OF THE

DRAW NGS Addi ti onal advantages of the invention will becone
apparent upon reading the foll ow ng detail ed description and upon
reference to the drawi ngs, in which: '
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PCT/ US96/ 06291 Fig. 1 is a diagramshowi ng a wireless
private branch exchange system (WPBX) of the prior art;

Fig. 2 illustrates aHppoehewsznione embodimbnts the steptimkanby B vayciscsibsystems of a
Fig. 3 shows a sprivagcPBNRvOR Whdntin MY cHgilaREh Edh fﬂﬁ&ﬁﬁié@ﬁﬁ@vﬁw XHefwork:
I g. shows

aspect of the 5 present invention; I'na

symbolic format cPBX 1ibsyshes ; bEkifhent3 : a5 shows
one il ement ati on..of % mﬁ‘iﬁ)i 5 12 Qe Unbbdifhent: fhe steps involved. when a g#"m TegIstry

t te.cPB ] t
wi th one aspect %Wﬁl?%fg@?gﬁﬂféaﬁé’gﬁﬁéﬁgevgﬁmg%“%‘twr nae

. 3 Fig. 18 shows, in one embodiment, the steps taken by the various subsystems of the
private cPBX network in disconnecting a call;

Fig. 19 shows, in one embodiment, the steps involved when an MS unit of a private ‘
cPBX network acts as a receiving unit to receive a call initiated either from the external network
or from another MS unit in the private cPBX network;

10 Fig. 20A shows from the cPBX perspective the steps taken when an MS unit of the

private cPBX network originates a call, in accordance with one embodiment of the present
invention;

Fig. 20B is a continuation of Fig. 20A;

Fig. 21 shows, in one embodiment, the steps taken by the cPBX of the present
15  invention, from the cPBX perspective, when a call terminates on an MS unit of the private
cPBX network; and

Fig. 22 shows, in one embodiment, the steps taken by a cPBX when a call from the
external network is received by the home cPBX and forwarded to a destination cPBX.

20 DESCRIPTION OF THE PREFERRED EMBODIMENT

Fig. 2 shows in a simplified format a representative cellular communication system, and
particularly a GSM system for illustration purposes, including four mobile station units (MS),
also known as cellular handsets, 150, 152, 154, and 156, which communicate to an antenna
subsystem 158. As is known to those familiar with the GSM protocol, MS's 150-156 typically

25 communicate with antenna subsystem 158 via a radio link (RL) protocol, which is a LAPD-M
protocol at GSM layer 2 and is defined by standard GSM 08.58.

Antenna subsystem 158 couples to transceiver units (TRX) 160 and 162 of base

transceiver station (BTS) unit 164. Each of TRX's 160-162 outputs bearer data, which may be

8 Kbits per second (Kbps) or 16 Kbps (GSM) time division multiplexed (TDM) data

30 representing, for example, voice conversations, facsimile, digital data, and the like. A TRX also
outputs signaling information ,which is packet information that is forwarded either to antenna
subsystem 158 for transmitting to the MS's or to a base station contro! function (BCF) 166 for

5



Fig. 6 shows, in one enbodinent, a cPBX subsystem 10 Fig. 7

shows, in one enbodi nent, a hybrid network; Fig. 8 shows,

i n one enbodi nent, a synbolic representation-of an inventive chassis in
accordance with one aspect of the present invention; Fig. 9
shows, in one enbodi nent, a TRX nodul e; Fig. 10A
illustrates an iWP&MBYent TRAU ng technique in accordance w t pceugosmmgct
of 15 the present invention; Figs. 10B and 10C show a
trunk nodul e in accordance with one aspect of the present

i nvention; communicating withgu batd stationventbllef STt orDo Hvbild Sertindyf dvetehial icoms

that a single nogusey. TaY floBiie ﬁm&ﬂ\ﬁtchinﬁ genter a8t \Qﬁlvb%ﬂisgus%&érﬂ%\%gne W th

one aspect of the present invention; , 1 n one

enmbodi nent, a nmulti- s ' . gt | Lnel pding iL.r passjble

signal i ng and bearerSF a‘tgatﬁegggkg?g"ﬁlﬂfg&wlﬁﬁgﬁ%,'lsﬁ_};}%gﬁg&ﬁ'ﬁ%%ﬂ‘%%ﬂd Spftware
HLR/ VLR regi st r ythat can bandie’ from its epd g'!ﬂc‘l% syiply 88 | radipy respurcesyigontioheRR), nhlility
steps i nvo:?yeij V\hlenagmnedva(l\gml,'t calli qineesl {QC), short messdfisldkrGicé (SMISHCad %Eﬁhhﬁ}al a
private HLR/ VLR gagbesir§s). & cdtidol n P rk. 25 3 9. 14
shows, in one en@gggﬁggg, tars\e Ie#é%hgtﬁgq(ﬁégg?%n&gpmr govaaftgn sﬂ?_dﬁvf_eﬁdaptg "“;t
registry processes- 8 r dPL/ate Etwesncitherc Kbps or 16 Kbps to 64 Kbpy-THM daja before
shows, in one enbried prssed on tothe BEEp4 tianseodev-gate adaptenubitt(TRAURIs lusedlfod petfbiming rate
registries; conversion, or rate adaptation, between MS units commumicating at different fites.

10 TRAU unit 168 is coupled to an E1 module 170 of BTS unit 164. El1 module 170
represents the means by which BTS unit 164 can communicate with a base station controller
(BSC) unit 172. In one embodiment, E1 module 170 represents a 2.048 Mbits signaling wired
interface that is channelized into 64K bits channels. BCF 166 represents a CPU module that

: runs the software to handle provisioning of the TRAU or E1 resources at the request of base

15  station controller (BSC) 172. '

. In the prior art, BTS unit 164 is essentially a “dumb” subsystem that operates
responsive to commands from BSC unit 172. For example, when BSC 172 first powers up, it
will configure BTS unit 164 via a link 174 by down loading the configuration data across link
174. Link 174 represents the terrestrial link that carries the TDM data between BTS unit 164

20  and BSC unit 172, typically using an interface known as Abis.

A BSC unit may have muitiple E1 modules for communicating with muitiple BTS’s.
For example, BSC unit 172 is shown having 3 El modules 176, 178, or 180 for
communicating with 3 or more BTS's. Furthermore, although BTS 164 shows only two
transceiver units 160 and 162 for illustration purposes, it should be understood that a typical

25  BTS unit may have any number of transceiver units.

Functionally speaking, the job of BSC unit 172 is radio resource (RR) control. It

manages certain requirements regarding the status and location of the mobile stations and details

‘ regarding how to communicate with the mobile stations in the appropriate modulation scheme.

In this manner, BSC unit 172 helps to hide this level of detail from any components upstream,

30 e.g., mobile services switching center (MSC) 182 or the public network that is upstream from

MSC 182. BSC unit 172 also handles power control. BSC unit 172 directs BTS unit 164 and a

transceiver unit therein to increase or decrease its transmission power from a handset to
improve transmission quality.

Furthermore, BSC unit 172 also monitors handset communication quality to prepare for
35 power hand-overs, e.g., when one of the handsets roams among the different areas controlied

6



WD 96/ 35301 :

PCT/ US96/ 06291 Fig. 16 shows, in one enbodi nent, the steps
taken by the various subsystens of a private cPBX network when an M5
unit originates a call frominside a private cPBX network;

Fig. 17 shows, in one enbodi ment, the steps involved when a HLR/ VLR

registry cWOMB5Phe out going call capabilities of the calpémgsobfReas:

unit; 5 Fig. 18 shows, in one enbodi nent, the steps taken by

t he vari ous subsystens of the private cPBX netvvork in disconnecting a

Sﬁl l; e unit bydxffé:egt BT9s. SWheita hand-ovs & aaﬁmt;i BSE kit 1?M%§atésrﬂ{%€§v?r
en an uni ¢ agts recei.vin ni 0

receive a call i | i 51?55@ EWover of ﬁg%e ext erdr%%ﬁ ‘f'onmr“ff“cagon for 3 g‘f’gl rfirouit

another MS unit PHYEHS glysnympb m Uit 82_L’(9mam5 uninterrupted; dyringindeveows

fromthe cPBX perspectlve t he steps taken when an M5 unit of the
private cPBX networ k B¥G gnitd72 Sartheriarindesi procgsson 1 $afer dandling thenaforementitined mddio

g}‘ gt hgog\r eserfi  resource mggt(ml),, opu%algRAU unit 186;1a8d a? %P hédule PSUNL El‘%&dg%ghﬁ
by the cPBX of t ewg?seﬂsl%nt%g glﬁnvenilalggr}lnﬂg?%gq%ﬁ% %é&étﬁz'bié?‘ﬁb'ega when
a call term nates on t of the private net work; and

Fig. 22 shows, in oneﬁgﬁb%%rﬁmy f%nlg‘%éﬁsw‘flhﬂ@’nnwe‘é °E§§$E WpfelV 2aandainpludes,
fromthe esnengnetherthings en Elsmodieil92 psecessar  193nend PRMtewayl MSCT wait diod.
to a destinati onGM384mit 194 BRilitates communication between thPeshait Eorhbhhicdiod Eﬁtem of Fig.
PREFERRED EMRD! Y50 the outside world, e.g., the public network. GMSC 194 is coupled to a link 194 for

communicating with the public network. As is known, the communication between MSC 182
and the public network may be performed via the E interface.

As is also known to those familiar with the GSM specification, MSC unit 182 further

- include circuits to handle mobility management (MM), call control (CC) short message service

15  (SMS), and other supplemental services (SS). Optionally, MSC unit 182 performs some radio

resource (RR) handling, e.g., inter BSC and inter MSC hand-overs. Inter BSC occurs when a

mobile station roams among the BSC’s. In this case, the radio resource control must be

~ handled by the upstream MSC since a BSC would not know how to hand-over to another BSC
when the mobile station roams from a BSC to another BSC.

20 Fig. 3 shows in a simplified format a stand-alone cellular cPBX system in accordance

with one aspect of the present invention. Cellular cPBX (cPBX) offers a cellular solution to,

"among others, rural areas or other environments such as factories or office complexes where
mobility is important or where there is no readily available access to the public network.

Referring now to Fig. 3, there is shown a stand-alone cPBX network 200. Stand-alone
25  cPBX network 200 may optionally be coupled to a public network 202 via a connection 204 if
access to the public network is desired. The coupling between stand-alone cPBX 200 and
public network 202 may be accomplished, in one embodiment, via an E1 interface, which may
represent a wired or a microwave link. If linked to a public network, stand-alone cPBX
network 200 appears to public network 202 simply as another wired PBX.  Stand-alone cPBX
30 network 200 has sufficient resources to perform switching and communication management
-among its handsets without assistance from the public network. Advantageously, the mobility,
roaming, and hand-off capabilities are handled by the resources within stand-alone cPBX
network 200 without the intervention of public network 202. In accordance with one aspect of
the present invention, additional resources or features may be added to the private cPBX

35 network without requiring corresponding changes in the public network.



Fig. 2 shows in a sinplified format a representative cellular comunication
system and particularly a GSM systemfor illustration purposes,

i ncluding four nobile station units (M5, - also known as cellul ar
handsets, 150, 152, 154, and 156, which comuni cate to an antenna
Subsystem 158. As is known to those famliar with the GSM protocol, M's
1150- 156 typi cal IWO36B530lconmuni cate with antenna subsystem 158 wcaosososshiio
link (RL) protocol, which is a LAPD-M protocol at GSM | ayer 2 and is
defined by standard GSM 08. 58. Ant enna subsystem 158 coupl es
to transceiver units Withix)stang@loasn dPBX Zetworlh 280; shown areta GREC eibégstens 266, #BSC

éBlgi) ts :oter 123 . Oﬁﬂﬁ%@ﬁ z&%@sﬁ@@m@ﬁ&ﬂfm B SMRERE B 15 a&dazmwl\% @éx)i(rgg #@5&34
data 3 0 repr esent ] ng, S'Steémka éSé F/%Véte@onﬁ(?ﬂgﬂdaﬁkgr?g%ﬁ&@s 1§ yegresent the
digital data, antvenieppdesh @pgbthe fespec“mM%@tB_SGaangBa'Sloﬁgxe prior art.

I nformati on,which is packet Information that is forwarded either to antenna
subsyst em 1585 f or t r BMSvinits 2Hgand 214 represBit standard oelilsb Asiiseté Shich A GSM Sthndard

function (BCF) 1gfhdie in the preferred embodiment. MS’s 212 and 214
VWO 96/ 35301 12 s communicate with BTS subsy?tem

PCT/ US06/ 06291 210 Vi an gpmropriaie esliulay incrfacs. such ps, the aforementioped gpdi Kk (RL) ippexfgee.
or a nobil e ser viEeiypisatiradiusiofgpesation between each YIS/ BT} and B BT Swnbsystem dwin thecrange of 2

S\If]\ll t%g:vlng cent e]E to( NKHYmetérs, whivh iskubstantial ﬁérﬁ{anhﬁmﬂxeterran e typically offereE'b e

t he Oi o} I\/§F§ o) ar e tvvar e

t hat canphag%:lcl)e Fﬂ%en%%?géﬁﬂ%n ons sugﬁnggs&}r% n%, B‘S "‘8% ﬁgﬂ f(laﬁ

(RR), nobility HBVentn Epesents,q st berapss| it {scdifficult (s i walh §Bemye to those

service (SMS), askilledinpthe emmnumd:auonart to ss:aie up the distafi’s) offeRd by theoptior @t WiktRes baaés
BCF) 166 is cou Is . r

( BCF) ldeRrdicds RanlifeRANHE RARE LS g@ﬂﬁ%wemq,mg at %x&@&d{e&

swi tching between either 8 Kbps or 16 bps

bei ng passed on egipleey.Bsc. A transcoder-rate adapter unit (TRAU) is used

for perform rate conversion, or rate adaptation, between MS units
conmmuni cat i nbsq at di f fEack sPBX subsystem 206 is capable of coupling to more than one BSC subsystem

208. BSC subsystem 208 communicates with cPBX subsystem 206 via link 216 using, for
example, an A interface. Similarly, each BSC subsystem 208 is capable of coupling to more
than one BTS subsystem 210. BTS subsystem 210 is coupled to BSC subsystem 208 via link
218 utilizing, for example, Abis interface. Further, each BTS subsystem 210 is capable of

20  coupling to a number of MS units, of which only two are shown. In this manner, stand-alone.
cPBX network 200 is organized in a hierarchy, the top of which is occupied by c¢PBX
subsystem 206. Depending on system configuration, the stand-alone cPBX configuration
shown in Fig. 3 can handie as few as 7 simultaneous calls up to as many as 1,000 (correlating
to up to 10,000 MS's). '

25 It should be understood that the drawing of Fig. 3 is a functional representation and that
the different components of the stand-alone cPBX network 200 may either be integrated to co-
locate at the same location or on a single chassis or dispersed in a wide geographic area to
increase the domain of the private network. The ability to configure a physical chassis to
perform individual BTS, BSC, or cPBX function, or any combination of these subsystems,

30  represents a unique advantage of the present invention.

As will be discussed later, the components of stand-alone cPBX network 200 are
designed such that they can be added or removed from stand-alone cPBX network 200 in a
modular fashion. In this manner, a scalable stand-alone cPBX network may be realized, whose
capabilities may be expanded or shrunk as necessary to fill the need of a particular site.

" 35 In the stand-alone cPBX configuration, each MS unit, e.g., MS units 212 and 214, is
registered with and recognizable by cPBX subsystem 206. More particularly, the information

8



10 ' TRAU unit 168 is coupled to an-E1 nodule 170 of BTS unit 164.
El nodul e 170 represents the neans by which BTS unit 164 can

comuni cate with a base station controller (BSC) unit 172. In one
enbodi nent, E1 nodule 170 represents a 2.048 Miits signaling wired
interface that is channelized into 64K bits channels. BCF 166 represents a
'CPU nodul e t hat WO96BS341uns t he software to handl e provisi oni ng rofosteeisRAU
or E1 resources at the request of base 15 station controller (BSC) 172.
In the prior art, BTS unit 164 is essentially a "dunb” subsystemt hat

oper at es raseqsistedi with exchcdfnwnirdis regigereBSCa livinie bédion FegistBX GHORE in \GPBR

53%(1: %Z/ng :NL slt Ogoswgﬁtemmoggd mntanMS‘odr?h (ﬁﬁg&bgﬁ&é \E?#E&hﬁd-&&% %9{ %t&irﬂ??%
represents the t er r e 1@ ‘&E‘E ﬁ#a\““c’&? rF'@@e ‘Fﬁ cf&‘?sgsrﬁ’é‘tmeﬁsﬁ'ﬂbﬂﬁ?{n

164 20- and BSCY§nnd c@%,su@symaowmmgnw in poiciatyerk202wAlmmativelys MS unit
A BSC unit mdy (2i2cbeing 4n MSami thariascegistered trith @RNFILR ir€gidiy Githik Ei’smhséy&leﬁ 206

BTS s F dules 176
TS s 180 1 FOr my B £ 10cdl S é&%&m&ﬁ\@ ubis SR04 Bl B FER'TRG FRitin oPBX
al t hough BTS 1645“2%9?/51 9'81'\%9 unit 214 vig BES suhsystem 349.t Wheg Gn WS unds fegistered

i | lustration puryitstie HIR regisoyinccPBX 206 & mutycdsd redeive aall, Ydiethdd fré publel SetwBikt

may have any nunigglor §8bmlahStAGMS MRH thit'd deSistered with th Eagh) onal |y
speaking, the job of BSC unit 172 is raélso rg'lsourecsgmfghsl ntrol. It

mobi Lo st at iahs and doiR %ﬁﬁ«foﬁ%’%%ﬁé@%ﬁh&‘ﬁ B CsPl oo e o

mobi | e stations FEStEIed Wih SrEUBEYREme206 is deemed ;3 nofrinativierhandset
BSC unit 172 helsnd dannohmsbeﬂrbhessuﬂcsvaﬂ smfd-alteaba:PBm‘ haworkO0CRNRARCH feceive calls.

upstream 3 0 fdinegdil.! Sl ef G fhIER! Oy SdfBdong %Bsq obtlrk is
publ i ¢ network tw lé%sétnhe m from

handl es power WQ%M’B??P?W Pr the grivate petwork resources to the
transcei ver t§n| tnumber of MS units that aeecregistered without avogrying shat aminfink efsnamrnagivenisndsets °
1;: ro [nha handsetB Stxﬁay ovemhdlﬁnhw@suhg 9&»&5@ fefwerk rédbhatds! Yrurther, %he stand-a.lo?e gPBX may

urt hernore L on _gual i

prepare for 3 SM%MnJ over mﬂﬂﬁéﬁuﬁ‘@%@%‘w%ﬁ %a

félrmng the different qneac%rd%mnt r18'l| tl)n% aspect of the present. invention, each of BTS subsystem 210,

BSC subsystem 208, and cPBX subsystem 206 is furnished with intelligent cross-connect

20  capability. Consequently, the actual cross-connect that builds the connection between the calling
MS unit and the receiving MS unit may be distributed down from cPBX subsystem 206, e.g. to
BSC subsystem 208 or BTS subsystem 210 (for calls between MS units 212 and 214). If the
call is made between MS units controlled by the same BSC subsystem, e.g., BSC subsystem -
208 but different BTS subsystems, the cross-connect switching may be performed at BSC

25  subsystem 208 instead of at cPBX subsystem 206. In this manner, the channels containing the
bearer data between MS units do not always have to be backhauled all the way to cPBX
subsystem 206, thereby permitting the entire network to handle more traffic by freeing up the
bandwidth leading to cPBX subsystem 206 if the required cross-connect between channels
carrying bearer data could be performed by a component further down the hierarchy.

30 In the prior art cellular systems, cross-connection among call paths is centralized at a

central public mobile services switching center. In the prior art, all circuits between the BTS

. and MSC are TRAUed before the MSC, e.g., either at the BTS, BSC, or between the BSC and
the MSC, and all MSC cross connect functions are performed at 64 Kbps. This necessitates

. two TRAUing functions to be performed for calls between two 16 Kbps handsets controlled by

35 the same MSC. In the present invention, the TRAU is advantageously associated with the
gateway to the public network, and need not be employed for calls internal to the network. In
accordance with one aspect of the invention, however, there is provided TRAU resource within

9



WO 96/ 35301

PCT/ US96/ 06291 by different BTS s. When a hand-over is em nent, BSC
unit 172 further initiates the hand-over. The i ntra BSC hand-over of
the prior art ensures that conmunication for a single circuit bet ween
a given nobile station and M5C unit 182 remains uninterrupted during
handover . WO96BSI1BSC ynit 172 further includes processorPdfidssbnson
handling the aforenentioned radio 5 resource control (RR), optional TRAU
unit 186, and an E1 nodule 190. E1 nodul e 190 provi des t he nmeans

t hr ough whi ch BSthasatwork 1o accamplishirate eonysision wiheh nk@@ann iefg. f82alls between a 8 Kbps
MSC unit 182 nay handsesnd @36 Kbpd Baidsedy nunber of BSC unit 172 and incl udes,
anong ot her things, an E1 nodul e . 192, a processor 193, and a gateway MSC

uni t 194, ~GVBC wma%miﬁam&%q%gm@e ik, 81 B6LARADodt 0550 sipudara
cel lul ar comuni I ap.syst.em of 1 ang the” qui s de wor N«I:\ o

the public net \/vo‘li\gg %‘T@?ﬁf‘}% CEﬂSgFta'af 250 traqsmyand regeiyedata at a predefined rate, say 8
communi cat i ng3wi t¥bpstes 15 Jpsc Sincevthy Rhangels casrylagowarer tite noaynia. rossadohmdted by a
“nterface. o sobeysteRAbRIR: (RISl oA PP Hor 00 LA of 12 pSIE MESc &

: . | | W

speci fi cati on, I\/éi:p%eﬁin?tnfg%sﬁtrom% &egmridﬂ%lcgﬂgsﬁhr Schetyyegn LY pyits within the
nobi | i ty managem#knd-eiong cPEXgRqtwerk 209. oFonsequyntiyh e wbility 3o arges-counes} coptaif Salls within
(SMB), and ot her s yrivare merviork withoul TRAUiNS Slvantafitonsh Bhiriives \famiiichtior Sality and
peT T OT TS SOMROr Afies the confptAMGF b kil bl ehefg, | 17 BSC and ter

MSC hand-overs. Inter BSC occurs en a no tion roans anong
the BSC's. In this case, e radi Q.resgurce nt r ol . handl ed
by the upstream MSC si 'c‘églg’w@w ‘%’Eﬁ? °§°5?’aﬁ?8§ sHé‘Xf%%ﬂ@B@eM“ﬁ“ﬁﬁ@?ﬁ@Fy
BSC when t AMSGHBVBE) block 350, registri2 SR which £omsas hath tie bemelocaigTregisey (HLR)
Fi g. S, shows in anc_xtuﬁm'shbﬂ B&nﬁ@mthmuﬂ;?%v&@MSd ﬁbckcfﬁ)%nal l)hSéFﬁgI ;b(l%ck
accordance : nt. i nventi.o ul ar,.c
(cPBx of fer's a b1 GMESC DRRE S eBieschid P BREL rot Dl i, b€ fpion.
ot her envi r ohffenteE-Public netvark 2020fiFag, 3o Witkir GMSC 128Qthergiscshewn 2 public network
m)gi lity is i Epoﬁitenﬁceass arden@ndcbder/ats dlapter unk TTRAY) BldckiZ60.0 hPorR@aMEEmER, Hubkc
public network. . Egﬁnggﬁ ' | S W ofpriat
.st and- al one cPBXnﬁgt:\f\lf)lran%OZ.Sif t.an ;%P%H@P%Q{O&tﬁe mhhg’sbéen.%aged altﬁr&%
_ software for communicating with the public network via standard interfaces such as ISDN, R2,
and analog interfaces using inband or common analog signaling.

20 TRAU block 260 resides in GMSC block 250 to-facilitate rate conversion to build a call
between an MS unit of the stand-alone cPBX network and a telephone set in public network
202 of Fig. 3 if they transmit and receive data at different rates.

A registry is preferably provided in the cellular network of the present invention to

provide mobility management of the mobile handsets. Furthermore, the home iocation registry

25 (HLR) and visitor location registry (VLR registry) are preferably integrated in registry 252 of

the present invention. Registry 252 of cPBX network 200 of Fig 4 serves, among others, to

keep track of MS units that are anthorized to use the resources of the stand-alone cPBX

network, the subscriber data such as names, unique identification information such as is kept in

subscriber information module (SIM) for GSM handsets, telephone numbers associated with

30 the MS units, and the like. Subscriber information is kept track of because stand-alone cPBX

network 200 must keep track of the MS units controlled by it as well as the subscribers on its
network find the handsets.

PBX block 256 handies supplemental services (SS) that may be offered by stand-alone

cPBX network 200. Furthermore, PBX block 256 handles the call control (CC) function,

35  which includes the ability to intelligently understand the destination intended for the telephone
number dialed. In one embodiment, the destination intended for the number dialed is

10



25 cPBX network 200 may optionally be coupled to a public network 202
via a connection 204 if access to the public network is desired. The
coupl i ng between stand-al one cPBX 200 and public network 202 may be
acconpl i shed, in one enbodinent, via an El interface, which my

represent a wired or a mcrowave link. If linked to a public network,

'st and- al one cPBYXWO9%/3530het wor k 200 appears to public network 208cIUsSgbazons
anot her wired PBX. Stand-alone cPBX 30 network 200 has sufficient
resources to performsw tching and comuni cati on managenent anong
its handsets wi t Hefenmiredsin secardancefto @ mumberingudystem. nBy way lof elhviie) tex@asieHz| 2000 to

Fesources. w i hi nﬁm@“ﬁ@ it JBEaddA M Qi s b i EPERK eNRAC S68 whe ol
i ntervention of Eiiﬁ% | cdi%gﬁ%}{ M&ﬂsmmﬁﬁféﬂﬂtﬁgw TlRPhORR seissip 4 pupfic network.
the present i nveRBXdIpck28¢may gsngontaincigvitsder nsrfofming functionsiypicilly expated of @ PEIE
private cPBX 8 Ssysteardushascallfdrhading)call thristedng Meniggpondi ng changes in the

publ i ¢ networKk. . 7

WD 96/ 35301 Private MSC block 254 faidl<S fobit o \W £.hin

st and- al one cPBxgﬁg%ggvg‘;éoo bshg@ are g cP Spi gné%/{%gdamg%ﬂp of the
subsyst ém 208 an Q13648 Etoure AR R) managerppat.  They bapdles qall progessipg (CC) and
di scussed SupplementabSpevicesoSS3 tvinthe MBY! BSMnsaridsassiste witDBRakyd fdkading calls

subsyst em 210 r epétweeiyPBXIYFor handsets tHhY Rive rokfhed o 312844 aié%?hﬁl&_scp%fygé ced
respective Mg, %%Eh%&d%lﬁﬂﬁ’;m%h cl%rg%or art. 5 M5 units 212 and
214 represent standard celT'ular han ts which are GSM st andard

handsets in the pref\e/#r.mgwe odj nent . I\@ s 212 and 214 communi cate with BTS
subsyst em 210 VW% ga%ﬁ‘lsﬁfﬁ At madechy theFBX A58, 1 Heweverydn hybrid ppplications
af orement i oned r fdiscyssed ioker iRtonndctiorewitl Eig. 7), the privith SG pS4mby listeli wameséages sent
ope g a}< ! fm bet weeRcres3 @iy NIFI dé88idn t@ﬂ&;&lvﬁ‘é&e&t%mmﬂm'a& ah HB;.S&? WHeA9&in@Tas £ BSC,
E;pi c a: I 3”&2 ?;?ég’%ﬁ%‘é‘: ioft S %aasgédl,%ec' uﬂrc:xeo(’jslécec)rnmgclt~I rt}ct}oneto puob%cﬁéc? ris %%%m

1§  private MSC function.

The intelligence within the private PBX block 256 may decide that switching may be
more efficiently performed at a BSC or BTS further down the hierarchy. In this case, thereis a -
signaling connection between the MS units and the cPBX for CC and SS control via the private
MSC MM session.. However, the switched voice/data path for the call will not traverse the

20  cPBX, but will be cross connected by the BSC's and/or BTS's further down the hierarchy.

In the multi-site configuration, multiple cPBX’s are coupled together to form an overlay
network on top of the public network. Fig. 5 shows one implementation of a multi-site cPBX
overlay network including cPBX subnetworks 370, 372, and 374. Although not explicitly
shown, it should be understood that each cPBX subnetwork has within it a cPBX subsystem,

25  one or more BSC subsystems, one or more BTS subsystems, and a plurality of handsets.

There is also shown a public network represented symbolically by outline 376. As
shown in Fig. 5, cPBX subnetworks 370, 372 and 374 are coupled with one another via links
384, 386 and 388, forming a private overlay network. Links 384, 386, and 388 may represent
leased link lines which may be part of public net 376 or, as is sometimes the case, an alternate
30  private party net, permitting the cPBX subnetworks of the private multi-site network to
communicate with one another. Communication among the cPBX subnetworks of the multi-
site cPBX overlay network via links 378, 380, and 382 is typically accomplished using a cPBX
protocol or versions of known protocols suitable and/or readily adaptable by those of ordinary-
skills in the art for use by the disclosed inventive cPBX. CPBX subnetworks 370, 372, and

35 374 further couple with respective bi-directional links 378, 380, and 382 respectively for
communicating directly with the public network 376. '
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10 prior art wireless PBX. The additional range offered by the cellular

cPBX of the present I nvention represents a significant advantage
because it is difficult, as is well known to those skilled in the
comuni cation art, to scale up the distance offered by the prior art

W rel ess bases and cordl ess handsets due to interference problens

i nherent in the NO%PS3tt non-cel | ul ar cordl ess t echnol ogCT/USAG06291
Each cPBX subsystem 206 is capable of coupling to nore than one BSC -
subsystem 208. BSC subsystem 208 conmmuni cates wi th cPBX subsystem 206

via link 216 using, f%gg- 5 alsoshowsisedVIs unit398 4nd382 fwithin theSiomizireefl oPBXesubhet BGE
subsyst em 208 i s3ymdlarecconfidaal liniegith fspeed 6 cPBX subdelvidik 37 Bl 8 WRS ¥6dwa

210. BTS subsyst ' : | ek ia,lin o2

utilizing, fo?l egig'gljﬂ{g,Mgs |£s)wlln‘t€ﬂlr“§ glge. ) ,u%&%@%‘%ﬁsﬁgu‘gg foé’ﬁ\d'ﬁ(‘if’$§
capabl e of 20 E‘g’ﬂ e &S Bomg, 15 the myiti-fits configueation, caljghewreen MSyunits 290and 392,
shown. In thi% nehether cress-gemmecitchatahe BTS, the BSK, or thawPBX2Gbsystemp legélnvitias! cPBXa
hi erarchy, the t gpn&ivoid370 breipfef@atity@infsitddn GE %nu-&msﬂ%ﬁ%ﬁﬁ%@%ﬁo%wim the

Dependi ng on sys -ﬁﬁ{éfi LakLoNr:t he st and- al one cPBX con 0
shown in Fig. 3 %tan an&?’g}j S %&Fé%% sinmul taneous calls up to as many as

1,000 (correlating to up to 10,000 MS's). 2 5 . -1t should be
under st ood that the dRSRFnigersfs nrsfgrably amumbering systers for efficisniiy ifemtifying which ¢BBX
t hat _the déubhetwerktin ¢ onfibsiemetsror a detinatdarevIS ufii coneiderP R Homi YO Althotigl) sWBhy
either be | NEOr dlrtrhPsyiim is not absoh B hcehry! f MR e WefHidsPFouflfy ball am

singl e chassis or%sgﬁrgedﬁn a \é\f.de %?ﬁ r BIIC ar e éo | crease'? e
donmei n of the prvat & HEMRFw™ 2rivg e 89" JRPTkr SYavBho sxemples MY s jon
to ‘per f or n¥EB¥ 370 wiapthe asspeiateg Sdth extensiens000:2000i omePRY 3% withs extirisivat200h

of these subsyst 8608, and dd cPBKebrRERIN $727wit Uxtkd@osbolabage of the present
I nventi on. As will be discussed |ater, the conponents of

st and- al one cPBX net herfhg RSk m:ﬂé?rnx d
or renoved f{é’m i_}éan\éﬁfge_)ﬁone gg%%%m?%ur L2 ﬂ?ﬁ ,é%u ar &?’ggtﬁllsﬁk%%?’n
this manner,'h stir 3% 2745P AvrasnitesRlls espp REYaE mli-sige PR joveriay netiypg aod to
capabi l i ti es nayroute sustpealisl apprepriatelyr (Aswilldberdiscussedlater, tcBBXi dubnetwerks 820} 372, and
particul ar site. 37438so share subscribet #fdration tepétmit | r6dting BEY ot MDY E@ighﬁ%noﬁé%

M Ui & by Bt bR Wy g g 201 2L oo W 2T
_ 8 ) Fig. 5 also shows an MS unit 396 in the domain of cPBX subnetwork 372. MS unit
20 396 represents an MS that has roamed away from its home cPBX subnetwork 370 and
currently uses the radio resources associated with cPBX subnetwork 372 for its communication
needs. When a telephone set from a telephone within public network 376 wishes to call MS
unit-396, the call path from public network 376 is typically connected to the cPBX subnetwork
that the destination MS, i.e., MS unit 396, considers home. In this case, the call path will be
25  connected to ¢cPBX subnetwork 370 via link 378 or 400 and then forwarded to cPBX
. subnetwork 372 via link 384 to terminate the call at MS unit 396, which has roamed away from
its home location area (of cPBX 370) into the location area controlied by cPBX subnetwork

372.

From the perspective of public network 376, the fact that MS unit 396 has roamed away
30 from its home cPBX subnetwork is immaterial. Calls from public network 376 siill come in
on the cPBX subnetwork that MS unit 396 normaily considers home. Internal forwarding, e.g.,
forwarding of calls from public network 376 by cPBX subnetwork 370 to cPBX subnetwork
372, is done intemally'within the muiti-site cPBX overlay network without the knowledge of

public network 376.

35 ' To provide for roaming capabilities among cPBX subnetworks within the multi-site
cPBX overlay network, the HLR/VLR registry of the cPBX subnetworks are preferably
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PCT/ US96/ 06291 associated with each M5 unit is registered in a hone
| ocation registry (HLR) in cPBX subsystem 206 to permt an M5 unit to
utilize the resour ces of stand-al one cPBX network 200. For exanple, a
regi stered M5 unit make calls via BTS subsystem 210, BSC subsystem

208, and cPBX suWﬂPé 206 to a tel ephone set in public networkcPOse0s201
Al ternatively, MS unit 5 212, being an M5 unit that is registered with
the HLR registry within cPBX subsystem 206 may make a local call to
anot her M5 uni't &Pelisated gingng-eachiangithen FurthetieRbIR/YLRyregisttynofneacPBPBX subnetwork

subsyst em 206, eago kndds theIMIS ddifs tidt areRZbimiderddNondeatdit2 TR thid/ ¥ e?”lv% M8 it '3§4

regi stered | BX, 2 recelve

cal |, . whet her fro h%h ¢ %%@ 6% {306, (5‘%5 °t?°re§|l‘3§ﬁ5§$ll\é ﬁ#‘fth%?l’l??é
registered with £ dngtion Mp, ie., £PBX subnetwork 370, hmddxmmemn
cPBX configurati mglsufy oFe@h cBBXaumsmcdais (iluﬁEﬁMedlﬂ:ﬂdfg%théthBXl stbib®borks in the multi-

o nat | ve hands g oV kbt Gl it Y SRR i 8 SPER Sufpone

non-nati ve hands

and,c
network 200 to ngk‘émﬁir %B?V%g‘b‘gﬁi@ﬂygﬂw"m REE P %&E%T%ﬁndé’gﬁxr%bnm@k 372
t he resources of vialink;3B6 toeestablish sonimadication bé&Bren ™S nnitsk39% and 396, enhanced,
permtting the operator to nore precisely-tailor the private -network

\rNg;s (r) ;Ir ﬁgst L gi t Qﬁ 15%““?? ofahe ﬁtfsemhﬁdﬁmtus@ﬂﬁ rés@ﬁicﬁstc&r&jpﬁ%%l?h%ﬁ{orke to build
exi sting pri vt e Mgt \/\ger&ﬁ&)relglg&?fgg)sw asﬂg he X ”glaaéf’%?fgwgh aﬂsgg)ta eously
al so advant ageou$ ads Switching frompubly H%"é‘f %MW%M@MWCWrMW typically

i nprovi ng secur i mysociated with public netwotknusage@e weh aCitnprdvesthe bandaRiEEsTithefublidRetwork.
present invention, each of BTS subsystem 210, BSC subsystem 208, and

c PBXbS :Jb tS yst (é(T 206 i SAk u¢ appakatifromt Figl Bt &lch icoBRt s&haﬁs?&%rw lﬁﬁiu-%ﬂ cPBX overlay
capabi lity. nse at. bui | ds

connect i on bgéween tﬁ&%’a‘fi sl ﬁ%é&?rclﬁ %‘“%"H’e rneﬂé%? t“l(%ﬁﬁﬁ % Plymaliry

be distri but Hiifies somsthamene link o cergmunicate arm @@%W@mrks
208 or BTS subsys Bévmﬁgébuélp dxnpmvds h&wbﬂirmm%dumesﬁwiﬁamﬂﬂdzy%i%n ab fletibibity of

cal I is made bet \agBmMea ﬁ"gr % Xsfeﬂlﬁvéﬁ%tﬁec” nii 8. k.. due
BSC b tem 208 te r 0SS- corﬁ1e
owitohing may be'® s, Gk 5 ! Rosrie St DAY maf S puild 2

subsystem 206. | nali o MS nmnB&vahm 3&61;{1!1@6491'10@6&2 and3@8.t Whis aspect of ithecinesntion is

data bet ween2(5 egiebially allstle ¥ WAviFonhRME Wherdat b Gificin, Qfle ab! gdoBRpMiEY drOiegat

cPBX considerations, to directly build physical links between certain cPBX subtietworks of the multi-
site network.

Fig. 6 shows in a simplified format a cPBX subsystem 420, representing a cPBX
subsystem within, for example, cPBX subnetwork 370, ¢cPBX subnetwork 372, or cPBX
25 subnetwork 374. Within cPBX sixbsystem 420, there is shown a gateway MSC (GMSC)
block 422, a registry 424, a private MSC block 254, and a PBX block 256. GMSC block 422
represents the interface for communicating with phones, whether MS's or a wired phone, that

are outside of the domain of the cPBX associated with cPBX subsystem 420.

Furthermore, since the multi-site configuration permits its MS units to roam, it is

30 important to keep track, in registry 424, of the home location of a given MS unit, i.e., the cPBX
in the multi-site network that a particular MS unit considers its *home”. In a multi-site cPBX
overlay network, each registry contains not only information about the home handsets but also

about handsets controlied by all other cPBX's in the network. When an MS unit roams from an

area controlled by its home cPBX to an area controlled by another ¢PBX in the multi-site

35 network, it is also necessary to keep track in registry 424 of the current location, e.g., the cPBX
controlling the location area to which that MS unit has roamed to. Registry 424 contains the

HLR/VLR registry within each cPBX subnetwork of the multi-site network. As discussed
13



subsystem 206, thereby permtting the entire network to handle nore traffic

by freeing up the bandw dth | eading to cPBX subsystem 206 if the
required cross-connect between channel s carrying bearer data could be
performed by a conponent further down the hierarchy.. 3 0 . In the

prior art cellular systens, cross-connection anong call paths is
centralized at 0% 1 central public nobile services switchi POI/US96D6291 | N
the prior art, all circuits between the BTS and MSC are TRAUed
before the I\/SC e.g.,_ either at _the BTS, BSC, or between the BSC and

the MBC, and al |%€%mmm@m@fm SBBX on rthel munlti-61¢ ¢EBYS ovarhays

necessitat es network s déplivaled ambng ullicPBR'S dn theiRtvitR oFiciRA: fiafingal | S bet ween
two 16 Kbps handsets controlled by 3 5 the sane MSC. In the present

itﬂvent .b on, thte TRAU ummﬂmnet@gmaizzmes%w ﬁ“hH]e t t@ﬂ'%tao
e public netwogs 0 ed for o)

network. In g@%or%ﬁﬁ%’é&w&?rﬁ%gﬁ@gﬁgé Epnsgtion H@h ?‘.fﬁ/g rAliRethepn in
there is pr o\ﬁ deGMBRAbIosk-432 an- integal petwork interface 426. In one embodiment internal network
9 mﬁﬂh&@l&&ﬁ@%entsauunkmodulewmchhasbeenloaded ththe ftw:
PCT/ US96/ 06291 leme t},@@% cglf&gc %%mﬂ S} cghg co versr %na:m%%on areto.
handset. O | g - gt f'ﬂl”ﬁ ; Kbpf

andse n_ac or ance anot her ect .o e |nven i on,

it is observed that CSHPH °"'me%6?ﬂ°t“§mf’¥?% Ihe extomal

200 transnmit andinferfaess. e @awmmmmmmwmmmsmwmmdme
KbEs Si nce lt(hhe TRAUEEdEnot gét ot Ud&t‘g&iﬁﬁépﬁx 9:{( i h%ﬁa{ne%r
Su syst em w t hi e net V\Dr i NSt ea a

Che: publ e e e St SRl Bl a6t o198 308 CEEK's On
channel's for calheother 6rfhwsm&mb9§°\npleli¢mtwqwbmterface 258 irthe R doesPRX need to
‘network 200. Conmeammumithieywithithecpublic network ditectly (815 map BBGHINIERE Vid afbtked cPBX in the

Wi t hin th t t S

comuni cat i aﬁ qﬁ%ﬁ‘%’gﬁaﬁﬁﬂaqu :?uke%gg%% ﬁm@%ﬁ? g@&ona%ﬁ%? 8 W%% By

associ at ed h vf%leﬁ ple, when calls are made among cPBX's of the multi-site cPBX overlay network,
TRAUmg is often not necessary if the MS units making those calls transmit and receive at the
same rate. As mentioned carlier, the ability of the present invention to TRAU only when
necessary advantageously improves the quality of the sound or data transmitted and reduces the
computational overhead associated with performing rate conversion.

20 In all configurations discussed heretofore, e.g., stand-alone cPBX, and multi-site
cPBX’s, non-native handsets cannot make use of the BTS, BSC, and MSC resources of the
private system in the private network since non-native handsets are not registered with and
therefore not recognized by the private HLR/VLR registry of the cPBX's of the private network.
In the hybrid configuration, handsets which are non-native can use the resources of the private

25 network as a BSS in order to access public MSC. Hybrid covers the situation where a non-
native handset, because it lS outside the public coverage (e.g., due to interference or range
limitation) for example, can only access the public network via the BTS/BSC/MSC/cPBX
resources of the private network. Examples include non-pative MS units taken into an enclosed
building or a remote location that is serviced by a private hybrid network.

30 Fig. 7 shows in a simplified format hybrid network 500 including cPBX subsystem
452, BSC subsystem 454, BTS subsystem 456, and MS units 458 and 460. MS units 458 and
460 are considered MS units that are native to hybrid network 500. In other words, they are
registered with the private HLR/VLR registty within ¢cPBX subsystem 452. In one
embodiment of hybrid network 500, MS units 458 and 460 preferably remain within the
35  domain control by the private cPBX network in order to build calls among the MS units or out
of the private network to a phone set in the public network. Fig. 7 also shows an MS unit 502

which is, for illustration purposes, a standard GSM handset that is non-native with respect to
' 14



Fig. 4 shows in a synbolic format cPBX subsystem 206 of Fig. 3, including a

gat eway MSC (GVBC) bl ock 250, a registry 252 which contains both the
home | ocation registry (HLR) and the visitor location registry (VLR
registry), a private MSC bl ock 254 and a cPBX bl ock 256. QVBC bl ock

250 represents the interface for communicating with the public network, 15
e.g., public net¥9963392 of Fig. 3. Wthin GWBC bl ock 250, therpcrmsgghmm a

publ i ¢ network interface 258 and a transcoder/rate adapter unit
(TRAU) bl ock 260. In one enbodi nent, public network interface 258
represents a truhxbridneovask 690 dhotlnawduéeMSmmﬁmwpréshni hﬁmﬂmmp fypRAI can build

sof tware for coNBARItEGEgh e PAblE nkldBrkD bl it HotHEHMQEL g@@f’of
such as | SDN, thybnd nem&ﬂ%@ gg i nt.erf.aces g{zls&ﬂ nha conm)n
signaling. 20 PEEYer-HFnd detwg FP Pt Wn'm"e
facilitate rate B@%§£@Mﬁ'§uﬁﬁ924t§lmkwwnsmsoumwb\bwpaﬁa MS unit of the

st and- al one cPBX network and a tel ephone set in public network 202 of
Fig. 3if the§/ transninthahybrﬂcnbodamentafahaﬂsedthﬁn‘leﬁalﬁglmuhthe private HLR/VLR

A registry is preiREREihe REOME ﬂ)’fiﬂld'ﬂ@tv&oﬁ?atfeﬁl {s%ﬁée t?%}e\é&r%sl%g d%amg[rgestevpt

I nvention to rovi dé no ¥§§§ enent
Furthernore, t hemﬁ%%i? T FEEsti Fié"g ysubsystem pf e prigte, hybrid opetwerka e.86 rFPBX
registry (VLR r e §ubsystem) 432 enters the drybulid glodmmg:cmtaed BSS (ifdghdwidth i vhilahie) to allow

the present i nveﬂiat b nafio bl tﬁﬁartnﬁ&me&?@%ﬂqthhlav%ﬁc%&{ghﬁh oS SpBX
anong ot hers, rack, o e.authoriz s

the resourcexd of s‘fbﬁ%sm&@aa&glaﬁﬁgﬂ Pgé @@?ﬂ?&?%? "&‘&’t"fl’Bx
such as nanes, ufHb§YRem 42AppearvastaiBSS. |Fntmﬂﬁah¢ndwt$nﬁhxasbsystemeﬂ|52mayﬁmcnonas
subscri be(r]I i nf (r)]r ﬁiihvmleﬂ!oi-enﬂéStbd\éd dnfong GEVuhie st a&%&%@h@&eafs%ﬁé@i’& calls
associ ated wit t i bscriber information Is
kept track of begaugeé‘as‘{ag‘r,] aB@gleq:ﬁer network 200 nust keep track

of the MS units contr sthe su cribers on its
network find the han “ﬁf’“cat“"“ for ilybng ugle sPIEVafE | SARPping  centers  or

suppl enent al 1 3er mae@gcb{tm)snpmatrem;e loeatiofsf 'ehvcgdltby desirable-fat M units belongiBX a
net wor k 200 Fur hét@bK06 @omMBicitb Ml oﬂéﬁwﬂﬁf“ﬂu@ﬂs& H% %8 ability Q5 tpeRRit hdr(dative MS

;ggtc;t :’lg?l on |nt ew@ 891‘1 Jtrggﬁ%e ep ?HVLM‘&‘”B&l& :;ﬂeg)uglf e%mqrgﬁegﬁteand the

‘enbodiment, the des“ﬂatn'ecéﬂxbh eI Bsbeda otwatf sBY' TPE nd' Ainiified With control circuits to

control the sharing of resources, e.g., radio bandwidth resources, TRAU resources, trunk

20  resources (for example, E1), or the like, between native MS units and non-native handsets. In
one embodiment, non-native handsets can only use the private hybrid cPBX resources as a BSS
when the allocation of resources for non-native MS units are not exceeded. By way of
example, a hybrid network 500 may decide that up to 20% of the radio bandwidth of the private
network may be allocated to non-native handsets while at least 80% of the radio bandwidth

25  resources should be allocated to native MS units. The ability to govern the sharing of resources
between native handsets and non-native handsets advantageously ensures that MS units that are
native to the hybrid network are not overwhelmed by an excessive influx of non-native handsets
into the location area.

Fig. 8 shows in -a simplified format a symbolic representation of the inventive chassis.

30 Inaccordance with one aspect of the present invention, modules within the chassis are endowed

with distributed processing and intelligence. By distributing the processing and intelligence

among the modules, the present invention advantageously creates a network in which resources

can be scaled. Consequently, chassis configuration may done in a modular manner. Further,

when intelligence is distributed down the hierarchy, call processing and cross-connection for the

35 purpose of building calls can be made at more local levels by making use of the distributed
time-space-time switching fabric, thereby improving the network bandwidth.
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PCT/ US96/ 06291 determ ned in accordance to a nunbering system By
way of exanple, extensions 2000 to 6000 may indicate a destination M5
unit inside stand-al one cPBX network 200, while other nunbers di al ed
may indicate calls that nust be routed to tel ephone sets in the public

net wor k. PER POk 256 may al so contain circuits for perfrrImwsssos91
functions typically expected of a PBX 5 system such as call forwarding,
call transfer, and the |ike. Private MSC bl ock 254 handl es

mobi | ity management ( imecerdancevithoneraspeniaif thekesert invention, theiRX GublpBed o ctdists with a

resour ce ERlR) Srrartaammmackaneh Ring 2 msfi wqh:b WHIGCE Bkl ufidnay be
uppl enent al  Ser a

foP\a/ar di ng cal s\ﬂlfggéd(0 %Fmﬁe?ﬂ?ﬂ §6lﬁc$afutbm§§7 ‘}‘/t?sﬁitﬁm 2
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cPBX. 5 MSC/ERBX chbsystesicof aryOsuinbitiationd B the ibovel € MoBiar Béhfighiait

i n hybri d appl i CabipBims of the privhi GbtsSidlo Lt bo-loband SR ied T Whgthokiksly gﬁﬁ

the private MSC to nessages sen
to deci de whet he °°85'°‘ﬁ<5‘FP°1°§m%ﬂba?ﬂ 4B pne;embodiment, chpssis of ¥ariony sizes ase Bodded. By

t he PBX functi on way obgxampiee chassistmving 8 6lois 9 slowmd ¢® 5106 hivel BearC foufidto 2 sRitiMd for
MSC i s made by tr&gmg,‘émialﬂ;piiyﬁgﬁ MSC functi on. The
intelligence within the private PBX bl ock 256 nay deci de that sw tching may

be nor ggefficie f CoPh BT f.urther

hi erarchy. | (r?l t hi Is 1: %l] X’faﬁ@ie ¥ E’Iéﬁ)‘%céaEheah"’g‘%éﬁ%l Fﬁ'g s%’nﬁe’étqﬁ\q%é?\ﬁ@&l?“?h@e
MS units and the fE‘PB?PaF‘B’rdeGP %dmﬁ‘é@rﬁ%ﬁn RIS withip pyechassis, effectivelypeowiding a
sessi on. However celiviar PN sobitienlinonk bex. (ot & meditiin sfiq) it i$ firsiblatd configure HiRfchassis as a

traverse the 20 cpﬁﬁﬁ%clauand/méake&ﬁ‘er%ﬁ&§i§ ﬁ@ﬁ&@%ﬁgu D%a} BesB cﬁ%gstgxﬂglxﬁrdlffmt
BTS' s further d i
s further ou, th 3 chlerargt%?garg%ta?)f‘wﬂr“i?fé’é&ﬂ?éﬂ“ef‘?}wf”&r - cyeppEsrpite, it is

configuration
network on t bﬁ oPOQSihl;e fru porifigum cangohissis Risga cBBX hawhsysterme a pigrabityeof ahassm aofBS;C
mul ti-site cPBX subsysmxﬁyﬁhha;edw&nmkvd-msdﬂéﬂddr@m%& &hﬂ@ﬁd’\ﬁf&én

and 374. Althoug oul nderstood th

each cPBX subnet &&ﬁ?& ﬁlgr;é%\}méxﬁ]ﬂoﬁt{out fhe 75%%) '@@B"’@%ﬁ S"Er? ‘P&éﬁe klfggtm
~subsystems, one &rndipadangeronunhes of Wsers  Afis #pPEER fFom e BFCE‘?H&Bd%tfsCt that each
There is al so shecompenepubf ihe privhreaietwatic ps.eSBTS,CBSCY 6PBKX iandlthejr $up-conipbie® are
376. As 20 endowed with distributed intelligence and processing capabilities facilitate modular

configuration and a highly scalable system.

Referring now to Fig. 8, there is shown a VME bus 520 and a TDM bus 522. TDM
bus 522 represents a time division multiplexing bus for transferring synchronous data between
modules at high speed. In one embodiment, TDM bus 702 has a capacity of 16 subbusses X 8

25 megabits per second which represent a substantially greater bandwidth than is required by the

current system. In comparison, a trunk module (discussed shortly hereafter) requires only 2

 megabits per second. The extra bandwidth on TDM bus 522 advantageously facilitates efficient
switching of voice and digital data on TDM bus 522 as well as room for growth.

Coupled to TDM bus 522 is a clock module 524 for generating timing/clock signals for
30 the TDM bus. Typically, there is preferably one clock module per chassis. There is also a
cellular CPU module 526 (CCPU) which is coupled to VME bus 520 and optionally to TDM
bus 522 for diagnostic purposes. CCPU module 526 is coupled to an optional memory 528,
e.g., a hard disk drive, flash memory, and the like, that contains the HLR/VLR registry. There
may be more than one CCPU module 526 in a chassis to increase the processing power
35 although two is typically optimum in a 9-slot chassis.

Fig. 8 also shows a TRX module 530 which is coupled to both TDM bus 522 and

VME bus 520. One example of a TRX module 530 that works well is discussed in detail in a
16 '



shown in Fig. 5, cPBX subnetworks 370, 372 and 374 are coupled wth one
anot her via |links 384, 386 and 388, formng a private overlay
networ k. Links 384, 386, and 388 nay represent | eased |ink |ines

whi ch may be part of public net 376 or, as is sonetinmes the case, an
alternate 30 private party net, permitting the cPBX subnetworks of the
private nulti-siWVe? rk to communi cate with one anot h@CTnus6/06291
Comuni cati on anong the cPBX subnetworks of the multi- site cPBX
overlay network via links 378, 380, and 382 is typically acconplished using
a cPBX pr ofeJamPNIY assigned; ctewerding peewt ntitled CSEELULARABASE 2STATION WITH

: ﬁad | ly fidapfj abl ENTBLLIGET OALD ROUEING” (Auome;sbbd7khéN¢ wsmsgté% s, mByS),
e disclosed in BXind an

further couple vmﬁ?ﬁ%?\eége e‘g‘t i ve%ﬂﬁé 1T emg{ﬁéﬁ 7%’ IB"%%%“‘*" 530
respecti vel y for TePresents a gagsgelyes EW‘HWSM‘PMS H@tsm@incemmdmrﬁmm

11 5 unidO TRH 8i6ddd 530 is explored m greater detail in Fig. 9. There is also shown a trunk

PCT/ US96/ 06291  module 5 s
w thin“the domai g%fecsgB?(hlgh ls etvvo eﬂos&msg@ s ?clggldg%?élﬁ%fer edaﬁg"rrkgr%%“t%
respect to cPBX W@’fﬁ’ﬁ?“g ¢, 2p E1 . %M S is not a gequiremeng,, Ingne

unit 394 within emboditoenti proesssingPis)distilimtest incZGPLS Tabdulei 536, mmmmtsswm trunk
subnet wor k 374 |fn§dth@532 1h B typital dMsfslm&bhﬁ O mbkh léf'ﬂix Riddul

units 390 a ﬁxﬂ\,{yﬁﬁt tégg rtgess %"\Rgraz‘i he BTuSESag or Mﬁs
cPBX subsyst em I evel RaacMe) jpmong
connected in t heUkitnpfeiormes @%W%@S@Wﬂ@@e“’!%n M#Mwlgmnmmtsttheedata stream from
st and- al one conf bt M8 uhito tefsedtivis THM bus 522 to an ropnaEliﬁnEﬁr&éfortchﬁih&nicﬁtm with a

Clonetork in o g Gl KL T ek BRELL0 W o cPOX |
failitates 1 Eghe??fi‘né%ls ARG b e o B diigyon %gﬁﬁs%%i' {Fisfilnimdose
a nul ti-sitel PB4y typically enupiad toldwo By mare anteinasxshoph acprésBitatively in Fig. 8 as RBfnas
370 nmay be assocmmﬂothn@maem &H&dﬁ@@m@%b &ﬁ@(Bleﬁuﬂ!é-ﬁt&n%(&ﬁiﬂﬁﬂ%‘
2001- 3000th a1r i CPB%% Sen neavpeéeﬁe degx with tEheelzslrsenSI OnIn3 aP 'hasm RF
distribution module 534 contains diplexing circuitry that allows antennas 538 and 540 to both

transmit and receive to reduce the number of antennas required for full duplex data
20 transmissions.

The RF distribution of Fig. 8 preferably includes more than one antenna for diversity
reception, i.e., allowing the system to receive signals from either of the two physically separated
antennas to choose the best signal from a given handset. For example, a signal from an MS
unit 542 may be antennuated when received by antenna 538, but may have a better signal- to-

25 noise ratio when received by antenna 540. Diversity reception permits the signal received on
antenna 540 to be selected for use. When transmitting, the transmission antenna is not critical
since the MS units are themselves mobile.

If a chassis is populated with a TRX module 530, that chassis is capable of functioning
as a BTS. Further, if the functionality of a BSC that does the radio resource (RR) management
30 isloaded, the same chassis can combine the function of a BTS and a BSC in one box. When
BTS and BSC functions are combined on the same common backplane, trunk modules which
are ordinarily required for communication between two geographically separated opponents of
the private network may be eliminated, thereby reducing and complexities.

Fig. 9 shows in a simplified format TRX module 530 of Fig. 8. In one aspect of the
35 present invention, TRX module 530 advantageously includes distributed intelligence and
processing. In one embodiment, TRX module 530 comprises two main sections: an RF

section 550 and a DSP section 552. In this implementation, RF section 550 represents a
17



The sharing of a conmmon nunbering system permts each of cPBX subnetworks
370, 15 372, and 374 to recognize calls as within the private nulti-site
cPBX overlay network and to route such calls appropriately. As wll
be di scussed | ater, cPBX subnetworks 370, 372, and 374 al so share
subscriber information to permt roamng that permt MS's to roam anong the
domai n of_ t he cPEX963$Bet wor ks of the network. FroToSosbm9
shows an M5 unit 396 in the domain of cPBX subnetwork 372. MS unit 20 396
represents an M5 that has roaned away fromits home cPBX subnetwork 370 and
currently uses t Fedylawhish iscoupledphysically sa DSP awdvie 552.c BRBcls TRXemadik SRY dbchiés

i ts communi cat i otwo slots in theeaiBnon\Backplade btheR i HRee H6duldrs Hagfsephone within
public network 376 wi shes to call M unit 396, the call path from

publi ¢ network 376 TS8P Blcidi 532 iRARRE GbiCékainplc 06 GREKsiBHh BRENSEHDSP) 557, 538!
t he destination v ol . MB_unj 6, consl g’ers .. 1n | S case, ﬂ‘\e i
cal | path wil] béﬁz?,‘{d 5%86%%‘8%?%%@%‘9%%%‘%%@%‘?%@%% DSPsgetign §5% furthery
and t hen f or whr dBgluges agpresgssor (real time),¥iét witiehkis Supledito TDM) kus3522 dnd VIME rbus 82%to
t he c?l :c atP B)I\(/S?)glﬁrfqrﬁ%océéhﬁg bf hassigrm{geﬁmmyek{, F.'N.PD—M inpt;%m, : ﬁgﬁ;g,' Qn
area (0OoT C CO e subnet Wor,

375, X3 il [y ISR B B URCT B K oF e eRRInvepien. In
that M5 unit 396°0¢fmbodimeny D3Ramedulegsend andspeeive datp grar TOMhuss128n BSRontdules 557,
i mmaterial. Cal | §5% r56h) pablS63 comimmichte 3vifh PiokéskorCSB4ELD Bacilitate LAPD-KN

Brocéiitlg.
subnetwork tigt Mocstirtss338 ne LiR I VME ' qﬁ% far 00,
e.g., forwardin ] 8‘2 padI&Fs%rom ;@EFSIZQ‘?%E?@\N eélfgél(é{’;&%ﬁs%g%f%
370 to cPBX subnPPHSTREE®IR- 375 is done internally within the multi-site
cPBX overlay network w thout the know edge of public network 376. 35
To provide for roam AgtERFhsxyacsithesclogkdorgTRIOS30 symehrenivation:s Avdiversity conteol 553 is
nul ti-site cabPiSX t6 Wi R Wistributiéd Hoduld) 6341 Bivétsiy (catio} 155Y mdnitbRethé Rid¥ming
i gb networks are Pealdd@fial o detect signal degradation. If, for example, diversity control 553 detects
15  sufficient signal degradation in antenna 538, it sends a signal to a switch in RF distribution
module 534 to select antenna 540. The RF communication and reception aspect is discussed in
detail in a commonly assigned, co-pending U.S. patent application entitted "SPREAD
SPECTRUM COMMUNICATION NETWORK WITH ADAPTIVE FREQUENCY
AGILITY", U.S. Ser. No. 08/434,597, (Attorney docket No. A-60820), filed in the U.S. Patent

20  Office on May 4, 1995 and incorporated herein by reference for all purposes.

~ Once the inbound information is received at TRX 530 and converted to a baseband

- frequency, a GSM baseband module 556 performs a GMSK procedure to obtain TDMA frame

data. GSM baseband module 556 can perform both inbound demodulation resulting in in-

phase and quadrature-phase information as well as outbound modulation resulting in a

25  baseband frequency. A processor that works well for this purpose is the Analog Devices

AD7002 manufactured by Analog Devices Inc. of Santa Clara, California. Then MUX/DMUX

555 directs the inbound information to a plurality of processing paths to distribute the

processing load. The signal processing aspect is discussed in detail in a commonly assigned,

co-pending U.S. patent application entitled "SPREAD SPECTRUM COMMUNICATION

30 NETWORK SIGNAL PROCESSOR,” filed in the U.S. P.T.O. on May 4, 1995 (U.S. Ser.

No. 08/434,554) and incorporated herein by reference for all purposes. One example of

demultiplexing that works well is to send all ever TDMA time slots to a first DSP string 557,

559, and to send all odd TDMA time slots to a second DSP string 561, 563. However,

MUX/DMUX 555 can distribute the information to any number of DSP strings. Once DSPs

35 559, 563 complete the inbound information processing, they send the information to the TDM
bus.
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subnetwor k- i n t heordante whtd_nbrinfarhmum ptocesaing.t YRTS 5540élsd pérkﬁms Tgvaven bohtidl Yand

to utilize myge tfeRuement! brdfrodess ﬁimﬂ”ﬁhﬁ%&séw pp %ﬁm
advant ageousl y i oves net\ work re bi |h¥lmag esS Vi a equn [ancy A STor
wel | as flexibil %"‘6‘1“ CorreLting, }‘ESPQ ofj inbgund ,infprypatiog and
removed fromthe n@mfmamt@ﬁmrgnh@pemswdﬁeencyandparmtehpnommicanon of

failure or if |iribok88inEeriiaeén 4@ oBbburld infobmadtion S¥er te TR BaD! € for M5 unit
394 to build a caII to M5 unit 390 via links 386 and 384 or |inks 382

and 378. This aspect EoMe Oinforfisiiof Clval

envi ronnent s ?erﬁdﬂ%‘il S d| f1 (iuilﬁ%lé éaﬁm’ﬁ lgt?:feao raﬁhl C P‘\éorﬂ}Equ smh ECPU 526,
consi der ati or} &1 this Fopy ‘l‘j‘? I“Ef"‘ﬁ’fﬁ/‘g‘?’é Pse QF"ta&FlﬁmE‘MB‘Rf"m“"n
subnet wor ks of tmllm!#dthy'I'RX530assweﬂesotb¢r\m¢l¢uzedmformauonfromthemg REP S5¢ vexeives
a sinplified fornBiruticisBYmSCORY S26 e dils opefiting gﬁ%&&@@ﬁﬁ’@%ﬁ requirements.

subsystemw t hin, for exanple, cPBX subnetwork cPBX subnetgwork 372, or

CPBX 25 subnetwor k 3 fhe ikl b, B APmBAAS %Es?éﬂzéi%%g Cx%fo?mchm
ateway MSC ( GVB S | str ry

ey N  oppingdiis Nesan. o 2 cam o M1, ﬁacew% R godues
comuni cat i n@0ni tovephioseJo Memasnﬂ/&wsanmmmms irdnatdlfferent RF anaglules,

guttSIhde of the dofigkis ficessdiBy & REhfraP 500GkIAE Sskoibd for PRIZs Qﬁé’ﬁﬁr&mﬁ‘bﬁpvz:nousRF
urt hernore, sinc [ o

roam it is 30 |°ﬁ%@§ta§y{’&+ tﬁ#eas‘ %p%}g%ﬂ%g@ngﬁ?@fn %?&Eﬂ%%%m%sm other
| ocation of a gi vEfrdfthenspqessing of the recgived gatads more centralized in the prior art, with different RF

modules receiving signal blts from a given handset during d1vers1ty reception and feeding those
25  bits into a single, centralized processor and DSP resources.

In accordance with one aspect of the present invention, frequency hopping is performed

within a single RF module. Therefore, a stream of data from an MS unit can be received by a

single RF unit, e.g., RF section 550, and still be able to facilitate diversity reception via the

inventive frequency agile synthesizer. Consequently , it is possible to count on data from an

30  MS unit to be received via a single RF module. Details regarding the frequency agile hopping

aspect is covered more fully in the above-mentioned co-pending U.S. patent applications

entitled “Spread Spectrum Communication Network with Adaptive Frequency Agility” (S/N

08/434,597, Attorney docket No. A-60820) and “Spread Spectrum Communication Network
Signal Processor” (S/N 08/434,554, Attorney docket No. A-60910).

35 Further, the invention contemplates locally coupling a processor, e.g., processor 554, as
well as digital signal processing resources, e.g., the DSP modules in DSP section 552, to a
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inthe nulti-site network that a particular M5 unit considers its "hone".

In a nmulti-site cPBX overlay network, each registry contains not only
i nf ormati on about the home handsets but al so about handsets
controlled by all other cPBX s in the network. When an MS unit roamnms from
an area controlled by its hone cPBX to an area controlled by anot her
cPBX in the nul t WOSBEOB5S ~ network, it is al so necessary to keenispésston n
registry 424 of the current Iocation, e.g., the cPBX controlling the
| ocation area to which that MS unit has roaned to. Registry 424 contains

t he HLR/ VisingledRfi modyle.\iThih iispassibl besaBy¢ thei MSPt semiceofind the pratkdsbr provided

networ k. As di scuwaliyat each TRX module of the present invention can always count
WO 96/ 35301 Y on receiving thé_%

PCT/ US96/ 06201 o 2 gven hu““édrs’et a0 RE sertion Rl megnshy;ths ppegsor @ APD-M
cPBX in the nult PquFsts%r m? mvmwmﬂonhmwweab@!m%ammy anid| the
CPBX' s on t he3 nepwsessing gesburce becorpdsacalablerbase on the number of TRX mdule yirovidySC

bl ock 422, there is shown a public network interface block 258 and a

PBX bl ock 256 whi ch mmﬁmhmﬁm&eﬁﬁﬁ&m’m e?z T$b€£s%f5§4 W &
h GVBGph. g | K R

an\(l)vgl Irrgnt |nterna ﬁoﬁén@ﬁal@ffﬁv{% Fna is T IE‘B a?‘i‘te‘gaﬂmb‘?’m FRodtle &
whi ch has been | & M%l%%mqbatdenmmwuduedmwewrmm

cPBX pr ot ocol foﬂhmsdurslaﬂﬁghlﬁg:ammé bPBRBYstem iwheiefdaddifibndD TRX module, each equi

In the presepp i n BADSP Sk eB
ext er nal [ %ﬁ Esé)?}gsLAﬂZ‘g betS§ en t ‘ﬁ%@&fn%’%ﬁ%b&@ terl%a]%%flza?'}/vﬁ'?Rs
so that calls th TH% iusiop gt prpcessing-aud P Forssqygres toTRX mmaduiette Ssilitate 2
TRAUed. Wt hi n cmRyulstdndypealabln cPBX syswem mpressnt tre significant advantage ofttiecprésexit rivestion.
network interf.ace 426 to facilitate communi cation with one or nore cPBX s

o the other hakFig, 10AilografBis BRgmbelicfekthdt the IRkMEmK TRA U, @5t d5fe besent
Ejrreegﬂ?’;( ((jgﬁs noﬁnﬁgm FBr %lustrau?n %E@? %&P agﬁxﬁaleoéﬂﬂ}i Sys{éet WO]E.\%g an MSC
I nternal net \’Wi‘?‘? gg bfé: step 7824 B3t ulpystgmy 384 and 586, aHti MS ynits 8§50,
unit. By 15 waynd)ﬁ%ﬂam exbodiment, TRAUsesanre ispeoidadatregctodf BT Sssubdystetne 584 and
nul ti-site cPBX @86 MStYsuB&siéRk 582, and MSC subsystem 580 as shown. However, when calls are built
strictly internal in the private cPBX network between two MS units that communicate using the
same rate, the present invention advantageously bypasses the TRAU resource along the call
20  path. For example, if MS units 558 and 589 communicate at 8 Kbps, calls between these two
MS units may be cross-connected via BTS subsystem 584 and the actual call path may be built

without switching in the TRAU resource in BTS subsystem 584,

On the other hand, if MS unit 588 communicates at a different rate than MS unit 589,

say 8 Kbps versus 16 Kbps, the call path may also be built through BTS subsystem 584.

25  However, the call path now includes a TRAU resource, which exists in BTS subsystem 584, to

perform the necessary rate conversion. As is apparent, calls between MS units within the same

'¢PBX network may also be cross-connected via either via BSC subsystem 582 or MSC

subsystem 580 with or without utilizing the TRAU resources provided therein. It should be

noted that for calls from an MS unit within the private cPBX network and a telephone set in the

30 public network, TRAUing is usually necessary in order to conform with the 64 Kbits
requirement of the public network.

The distribution of TRAU resources down to components lower in the hierarchy of the
private network advantageously saves the network bandwidth since calls between MS units that
need TRAUing may be cross-connected at a lower level in the hierarchy. On the other hand, the

35  ability of the present invention to employ TRAU resources along a call path only if TRAUing is
necessary advantageously improves call quality and reduces the computational overhead

associated with TRAUing.
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TRAU ng is often not necessary if the M5 units making those calls transmt
and receive at the sane rate. As nentioned earlier, the ability of
the present invention to TRAU only when necessary advant ageously

i nproves the quality of the sound or data transmtted and reduces the
conput ati onal overhead associated with perform ng rate conversion. 20

In all configuraWP863538 scussed heretofore, e.g., stand-al one qREUseddEie;
multi-site cPBX' s, non-native handsets cannot make use of the BTS,
BSC, and MSC resources of the private systemin the private network
since non-native handdthedeat of ok modyle SIM) 32 iswa tilne/spatle switch 602, veliiet RrcBupled to

recogni zed by t hstithé TBVELUSIEEY ditafand 818 VAE YusGhr dofifoIC Q%ﬁ:gﬁ:f swillh 603 isV%{:a}%\lfeof |
7

net wor K. | J nfi i.on, handsegts. are non-n

can use the res o@%@%ﬁ%ﬁgbﬁr& é_&gf% b“’r?é?“ﬁﬁf’{(&gsmée FEry PQRognd 697, and
access -publ i ¢ NVEeSPsRA8RE JTime/lspace swich 602 s daserihad hereinaccordingto its communiastionalata
handset, becdus enatet andsswitch Thphbilitise Anib Hévice T\(RFfo@Eng thee funclidfls £ be used in the
interference or 4aB%8nventi h ol ' on ess, 1

publ 1 ¢~ netvork o e %é&?%v'%gg% B co0 kBB, iR a5 i hloon,
net wor k. Exanpl égm\g ng 852 fismens, PES LOtMemens Timadsritchmenufasmgad yoSiesdens Corp.
bui I ding or a r ediNew YakaNewYotkh@ISA)s serviced by a private hybrid network.
30 Fig. 7 shows in a sinplified format hybrid network 500

i ngl K/gi ng CPBXSSubSySIixﬁ&J‘Space switch 562 hﬁSMﬁgQ%M% ﬁM%Eiﬂrﬁigﬂﬁa.Supgm gﬁskg&i}. is
an unit : are consi dere

units that grog ﬁ:ggliﬁgdeégg %ﬁ%“ﬁ@[’é\% PR 50020 Ie?fhot[ﬂ'gffr Bfs ﬁ‘[?fé%r‘l?‘e’sf’m
regi stered with S™ifeh f02 canicommunicyte withaig; ta d 6 ynogples, such aPERXs athey FMsor dfother
In.]?ne N entrppti meiules aftachgdom itk TN bog. kA RERr miviber RipbssibibiB timeripad®Svitch 602 is
preferably remai nﬁ@.’ﬁéﬂ' opBiN I t. | vat B

network in order‘:Ia 0 bui'%adltia?glelr‘aé1 g’r?%nga?h%nﬁﬁ}gél}%%?ﬁgrlpgﬂ gh}éatgh%g;f Z"X'eﬁ'emow
private netvvorksf'blﬁseﬁhone set in the public network. Fig. 7 also shows an

M5 unit 502 which is, for illustration purposes, a standard GSM
handset thatt5is non- Féme/spaca,pwikch 603 supports gnany of the switching functions described in this
14 disclfbr86ds3welD s in the commonly assigned, copending patent application entitled

PCT/ US96/ 06291  «MRETHODS AND APPARATUSSES FOR AN INTELLIGENT SWITCH", a commonly

assigned intemational application filed under the PCT on May 3, 1996 in the U.S. receiving
office (Attorney docket No. WAVEP004.P) incorporated herein by reference for all purposes.

20  Moreover, when the base station is configured to perform switching functions, the base station
can perform functions of a cellutar PBX, a local loop, or other similar functions.

Processor 604 is coupled to timefspace switch 602 via 8Mbps CPU360Y and

CPU360Z input ports, and further coupled to 8Mbps path Y and path Z output ports, as shown.

Processor 604 is also coupled to VME bus, as shown in Fig. 10B. Processor 604 is provided to

25 perform protocol processing. Possible protocols include Abis, A, SS#7, and ISDN. This

processing enables cooperative interworking between other elements of the GSM network and

the PSTN. If protocol processing is not required, then processor 604 may be omitted since
CCPU 526 includes a processor for performing general functions.

_ Framers (sometimes known as Line Interface Units) 606, 607 are coupled to time/space

30  switch 602 via 2Mbps framer ports TxA and TxB. The 2Mbps is typically an E1 interface rate,

but can be modified for any interface rate. Framers 606, 607 are configured to communicate

with other network elements such as a BTS, BSC, MSC, PBX, PSTN, or others. Since the

base station can be configured to perform the functions of a BTS, BSC, or MSC, the type of

interface may be changed to accommodate the particular required interface function. For

35 example, framers 606, 607 shown in Fig. 10B can interface with an El at 2Mbps, a T1 at
1.544Mbps, DSO at 64 Kbps, or other digital interface.
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hybrid network 500. In other words, MS unit 502 represents a handset that
typically can build calls through the public network, but is not
registered with the private HLR/ VLR regi stry of hybrid network 500.
However, hybrid network 500 has the ability to permt non-native
handsets, e.g., M5 unit 502, to nmake use of its resources to build calls.

5 I n tHRI435M d embodi ment, if a handset that is -not PEEDRSH0RIE d
with the private HLR/ VLR regi stry of the private hybrid network
attenpts to use the resources of the private network to make or

receive calls, the cPSPssi¥8a§sromunidd to time/spice atitchhyibBMbps ®hmOY land Patl Z oﬁtﬁBX
subsyst em 452, WIDSPMSMB&&MV@@Q&%&&§m@M&§ trhrlsbodd 3 Yo

R RER v oo gy i oy g
part-private c PES® ﬁFW‘B@@m%-tBeﬁfﬂﬁmmw@lwlwmd back BBlme/space switch

subsyst em 452 ap@amapa&ét‘mdl@%Zxﬁmtpdml I ve handsets, cPBX subsystem 452 may
function as a private MsC for calls routed am)ng M5 units of the

private network or a%s%xﬁﬁﬁecf&fhe?%e'x@?unedmfoﬁﬁﬁ % l%ﬁsys uﬁggchgn
e(IWF)

external phone.

at I
i ncl ude private Gposhn ol ﬁg"%‘é?ﬂd%rrgteo Al"'ca?ft B‘thrng“‘%‘T‘Y%Qn%r
| ocati ons where Tim ssacaé\mw@ecpwcsqv:;;rumgndsma@u@smaheVMEbus;eﬁmasdng

to comuni cat e Wirhdispaceswatl 60Rwhat toleivitetl &r@oftet. the ability to permit
non-nati ve NS units to use the resources of the private network to

access the gyplic ne

500 is further fur&w&?&%@hﬁm rrgele bﬁ;tgg%mgmgﬂﬁg%gﬁt r%@t@

of resources, e. ? oy &ivd Oﬂ’t“’r?"?é%%bgg tor peaforip dheRipeessing. t"Hﬁh@WQOthere
resour ces (for e%t%tﬁp]?%’s 60Bp-f, howevere thefekmay be frivee zero ad iavye nivibberrdst equired for the
non-native handq&b&ssnign Further, m@nswsds&tdhﬁ?eiehhm&a&beé&sk&%ﬂaﬁés%u&?& APk

h f
esour et Tor nanett vﬁﬁ%ﬁ’ﬁ%@?%ﬁ’iﬁ%ﬁ%@%ﬂwwg%@% ocation ©

exanpl e, a rid ne 0 cdethat to 20% of the radio

bandwi dt h oa)gt)he pri b’gﬁb‘e o gai"t‘%@ I%‘&P@WJ°WH‘&$‘?W“‘““‘°
handsets whil e atompeessad mwﬂﬁtlfws,rmm&ﬂmmmmme ises6liKbps $hDSPd0Be
-allocated to natmu&ﬁéésmém&ﬁpre&h@ t8Rickdniiodafe @A Rk chaie. SMPHel BEPOEOS can also

‘resources h s and nqn nds
~advant ageousl y ensures&t&th{abl\‘}é%ﬁn @%? y ragesuc asrg%pﬁip:@gs?’g@ﬁ%’pﬁybrl d
net work are not overﬁ_zgg lrlnggovtl)ymaansﬁé%ea? ve |nf X to‘f,q!ig]lon n Wlﬂ;/ﬁﬂf;ggﬁ;ets

into the |ocation ar
a symbol i ¢ 24br emedwartsystemothassise siynonertiving nuhesm. gnay3hfe. Asmeutinped aartie, the

with one aspect ﬁésehmw&mﬁeﬁ&fefaayeémbw indiRGAl Sfodiles hhﬂ\ {hBi® cwhe pRcSssk Cand
endowed pldltstrl ut ed roces 8dvﬂes or}tF?I |4 oL nB or and
di stributing the Brocessy HP‘&“FEQE’ 5 g ﬁﬁ?fﬁfé?‘ PRE
present invent i ONSQUERPE AT éﬁ\%é@@l‘? of Figa il thrl@tqmrsk‘"mn .reshe ganeellgtion and
can be scal ed. Gabaecoatis, vamipgeesiycimpaives iodniity) thefeby facilitating ¢fficientant inbdular
manner. Fur ther, configuration within a single chassis. Further, the present invention uses a common backplane,
including buses having sufficient bandwidth capacity to perform switching, e.g., the TDM bus
discussed in connection with Fig. 8, that flexibly permits different modules to be added or
removed in a chassis depending on need. The use of a single common chassis to configure
these different subsystems advantageously reduces manufacturing costs as well as upgrade
30 costs. Further, the use of a single chassis for configuration as a BTS, a BSC, a cPBX, or any
combination of the above flexibly permits the private cPBX network to be configured according
to geographic and customer requirements. Properly populated, the chassis and its modules
flexibly form a private micro cellular network sofution that is complete and self contained.

Refexfring now to Fig. 11, a common chassis having, for example, nine slots, may be
35 configured purely as a BTS subsystem by populating the chassis with, for example, up to three
TRX modules, one TM (Trunk ) module, one CCPU module, one clock module, and one RF
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when intelligence is distributed down the hierarchy, call processing and
cross-connection for the 3 5 pur pose of building calls can be nade at
nore | ocal |evels by making use of the distributed ti me-space-tine
switching fabric, thereby inproving the network bandw dth.

15 WO 96/ 35301

PCT/ US96/ 06291 WO 96/35361 I n accordance wi th one aspect ofpdimsopoeoent
invention, there is supplied a chassis with a comon backpl ane havi ng
a plurality of "slots" into which a plurality of nodules nmay be

pl ugged t o conf i @isributiprmedile; Jn ong emhodizent, & cksick module Sequir&Ti®> slothmit 2 TRH mbdule

B|S|C tsEbS)é_sr tSIem . 1E:irequires t&BSIBtsS Gb%ﬁﬂig&fﬂa(dﬂﬁésghls iafwwﬂﬁgﬁs&x@% ChERRVRAYHP fpflated
a e S it o whs¥s or_ any combi natl o

of the above. Nbgﬁfhgfrogggn ¢ g%ﬁ‘%r?"@&n@t@@ i c%%e?ﬂg’%f“ﬁ‘g“ﬁ% B
network to eithe e Go5tsubsypemens ule iy arsyireto hTe ppujats; the same @hassis as of
| ocati ons dep&ndiBS¢/BFS wehsyisterhne.gna st sutine nibsysehn (883, afsuitsbld Sohfighn may
are provided. By include ond\@¥ckOhod®¥2 bR RF dfs?ﬂaﬁédnsm&ﬂﬂ'éégﬂnugtﬁd @{:ﬁm o e?tuﬁ,gﬂwg

18 sl ot's have been fou to pe suit e 1.0r rcial appli cdat
10 For%%%?@?s’?‘ﬁp‘?é?&%@&ﬂ?dmds of a small site, it is
possi bl e to conbi ne the functionality of a cPBX, an MSC, a BSC, and a

BTS wi thi n one chassi & suiablesFBX subsystemanay he pppulated using the:samel chassisiX foltoiwst iooe
in one box. For slogkediodute,ipttethréetCAPY) moditdsdnd up & OMiNkGhidaled R ohb 8EBbBmas, B
cPBX/ BSC, angpt 0 i eRéhasstid & i s PRt ' .
subsystens, in dé{){,ﬁltgﬁ% % €0 krh?i i |ca fggﬁﬁgﬁ%ﬁgnﬁéﬁsm%%‘ﬁ
of the private n Ratiog-for infegraling e cEB X apd B¢ gubsysems mayncluds 9ge lpgkamedyle, up
confi gure one chasthres CEPlEmodelix, andiup yossix trynkampdulasa Futteroif isqivssisle & inRgRE®TS,
subsystens cont r @SCamdRPBXNRIbAREHS 1R SinpIe BEMsiE PBY why 8 ¥adnei, a3 gultati
great er nunber ma incf %;Il'escs bs%isgferrs gp&o%hggf %fge site f’%f%??r}g%ar gn
the domain of _the private né?#ﬁ)’? 6h 8% stoutign MeAUE. 5P 11 Papieg;up o
users. As isléppavemunkmedulesiandup te s FRX modoles.o iishould be petechthat some of the above-
conponent of t he nphtisti enodeley\@iak be PhybicallPsifnilartifém ahiid¥aR yerspb@ivé if programmable
sub- conponent s arl@gicisusedandconﬁguration essentially involves the loading of the appropriate software into
memory for running on the CCPU and for configuring the TRX modules.

Although the specific embodiment of Fig. 11A discusses a common backplane having
20  nine slots, it should be apparent to those of skill in the art that a greater or fewer number of slots
may be provided in a common chassis. In fact, one embodiment contemplates providing
eighteen slots for a chassis. Furthermore, a greater or fewer number of CCPU modules may be
provided with each subsystem to appropriately provide for the desired level of processing
resource. For example, increasing the processing resource in a BTS subsystem may improve
25  hand-over management and radio resource management. In one embodiment, each CCPU may
be specifically associated with a set of trunk modules to facilitate efficient processing. The
ability to add or remove processing resources to facilitate specific system requirements relates

to the inventive modular aspect of the present invention.

In one embodiment of the present invention, switching decisions are made at the cPBX
30 subsystem (by the private MSC) for all calls, including calls between two MS units within the
private cPBX network. Although the switching decision is made at the cPBX level, the present
invention, in one embodiment, preferably cross-connects bearer data channels at as low a level
in the private cPBX network hierarchy as possible. To illustrate, Fig. 12 shows a simplified
multi-site configuration including cPBX subsystems 650, 652, and 680 coupled together via a

35 link 654.

In Fig. 12, there is shown a piurality of MS units 656, 658, 660, 662, 664, and 666. In
the embodiment of Fig. 12, an MS unit, e.g., MS unit 656, preferably builds its signaling
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20 endowed wth distributed intelligence and processing capabilities
facilitate nodul ar configuration and a highly scal able system
Referring nowto Fig. 8, there is shown a VME bus 520 and a TDM bus 522.
DM . bus 522 represents a tine division nmultiplexing bus for
transferring synchronous data between nodul es at high speed. In one
enbodi ment, TDMWRE638M has a capacity of 16 subbusses X 8 25 PcwmSsdHctsa
per second which represent a substantially greater bandwi dth than is
required by the current system In conparison, a trunk nodul e

(di scussed short IS?SIHEF%@FM@Y}Oth%%ﬁﬁX@&WO}stﬁelocanonamegaﬁndlﬂ\m&mtm@ﬁﬁenﬂy
The extra bandwi dicaed)r.g]ObPBXUsubSyaiemasb0a Tha gipeulink Yeskidk ibiwed! B8 &lif 656 &RtcPBX

orowcn 0 O VOl fbefiiéin Bt ity q?’%ﬁ‘%?‘b"z%??.s RIS Rodul ¢ 824 Tor
generating timng/clogk_si s f TDIVIbus Typlcally, there is
preferably one clock %?)Bﬂtf’(gg%l %‘?fﬁ@gﬂéﬂs‘ slonpay,exiend all the way figmasn MSU
nodul e 526 ( CZPUpilie 2¢PBX suhsystene dhe @M\@oﬂmemﬁanmmeepbmadataychhmmwy be
bus 522 for di agmﬁmnshewmmleva@weﬁﬁ%@é@ﬁm&k%@d d;iope:?ﬂﬁ.p?i Oc?%
nmenory 528, drive ash nor, h e,
contains the HLMW %’% fdancls of eég‘ﬁ&%%ﬁﬁmY&ﬁ@Wnﬁ
526 in a chassi ss‘ftﬁy*i“’r% 'é(hs@ft"#l@ bﬁ%&%&@l%@éml\@ @it 669} thi echph crosseconsect of
'E,r)lé)p(l caljl ?/ ogt i rrulhelhearer dhtasdhatinelskfybeamade at BSC subsystem 67f|aﬁhou§h?ter*?ﬁﬁﬁg"%s
e S
e s B mﬁﬁsh‘a b&&bM-lg vve% I'S éﬁ%wa 19 PR Fupsypies:

One exanple of a RX no g thﬁf% I SCUS | 0'a
16 may perform the cross-connect of bearer data channels itself,

PCT/ US96/ 06291 e.g., for callsibetwery M3awit §Heahd M® pingi4ng pat ent entitl ed
"CELLULAR BASE STATION WTH | NTELLI GENT CALL ROUTI NG' (Attorney Docket

No. 'A- 61115, U.S.S. N Whed 431, fhhde to an MEi de@ttn QMoQME aidR et by GRGRL PRI

herein by referegagyddh i troRoRRRay gmgmm one cPBX subsystem. This is the
15  simation represented by bearer data path 674 between MS units 656 and MS unit 666 via cPBX
subsystem 650, link 654, and cPBX subsystem 652. Note that the signaling session of MS
unit 656 again is made to cPBX subsystem 650 via path 668, and the signaling session from
MS unit 666 is made to cPBX subsystem 652 via path 676 as shown. In certain cases, the
bearer data channel that carries data between MS unit 662 and MS unit 664 may be cross-
20  connected at a BSC subsystem 678 instead of a BTS subsystem 680 if BSC subsystem 678 is
better equipped to perform the cross-connect. This situation arises when, for example, MS unit
662 and MS unit 664 communicate at different rates and BTS 680 is unequipped to perform the
rate conversion, e.g., not having adequate TRAU resource. In this case, the intellipence within
cPBX 650 advantageously directs BSC subsystem 678, which for the purpose of illustration
25 includes the necessary TRAU resource for performing rate conversion, to perform the actual
cross-comnect between the bearer data channel from MS unit 662 and bearer data channel from
MS unit 664. In this case, BTS subsystem 680 will simply permit bearer data to and from MS
unit 664 to traverse it to a higher level in the private cPBX network. For further information
regarding the intelligent cross-connecting aspect of the present invention, reference should be
30 made to co-pending patent applications entitled "Methods and Apparatuses for an Intelligent
Switch" (Attorney Docket No. WAVEPO04.P) and "Cellular Base Station with Inte_lligeni Call
Routing" (Attorney Docket Number A-61115, U.S.S.N. 08/434,598), a U.S. patent application

filed on May 4, 1995 and incorporated herein by reference in their entirety for all purposes.

Fig. 12 further shows a cPBX subsystem 680 coupled with cPBX subsystems 650 and

35 652 as well as with BSS's 682 and 684. Within the domain of cPBX subsystem 680, shown
are two MS units 688 and 690. For purpose of illustration, BSS's 682 and 684 are directly
coupled via link 686. Although signaling sessions from MS units 688 and 690 reaches cPBX
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alone or multi-site configuration.

A typical HLR/VLR registry record further includes the telephone number assigned to
the MS unit, subscriber information such as name, social security number, billing address,
billing information, supplemental services subscribed by a particular MS unit, and the like.

30  Typically, there is also included information regarding the home location, ie., the cPBX
subsystem considered to be home to a particular MS unit associated with a record, and current
location, i.e., the location area at which the MS unit associated with the record is currently
located. In one embodiment, both the HLR and the VLR registries are advantageously
combined in one database. The home location and current location fields of the record then

35 furnish information regarding whether a given MS unit is home to a cPBX and where in the
network that MS unit currently locates. By way of example, if the data in the current location

field differs from the data in the home location field, the MS unit has roamed away from its
25



sect.ion 550 and a DSP section 552. In this inplenentation, RF section 550
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q regxgtry y be performed by the system operator during periodic update/maintenance periods.

During these periodic update periods, the system operator may create a new record, delete a
record, obtain a record for review, or set a record to edit information in a record.

During run time, updates to the private HLR/VLR registry are preferably performed via

the MSC subsystem (unless otherwise indicated, the MSC or HLR/VLR registries mentioned

20  in Figs. 13B-22 refers to the MSC subsystem or the HLR/VLR registry of the private cPBX
network). The current location of an MS unit is preferably determined as MS units periodically
checks in. If an MS unit is not turned on, the signaling session ends after a predetermined
period and is assumed off by the HLR/VLR registry. In this case, the current Jocation entry of

the record associated with the inactive MS unit preferably reads NOT AVAILABLE, or some

25  version of that message. The MSC subsystem associated with a cPBX subsystem receives the
IMSI from an MS unit and accesses the private HLR/VLR registry for authentication for
location updates or building calls. For an MS unit that have roamed from its home location

area, the MSC subsystem where that MS unit is currently located receives the IMSI belonging

to that MS unit and updates its own HLR/VLR registry (which is then used to update all

30 HLR/VLR registry in a multi-site configuration). :

Figs. 13B-22 shows in a flowchart format the steps taken by the private cPBX network
in performing MS unit location update, MS unit call origination, and MS unit call termination
from both the perspective of the MS unit and of the cPBX subsystem. Fig. 13B is a flowchart
showing the steps involved when an MS unit wishes to update its location with the private

35 HLR/VLR registry of the private cPBX network. At step 702, an updating MS unit sends to a
BSC subsystem via a BTS subsystem a location update request. Typically a location update

request include the IMSI of the updating MS umit, e.g., a version of the IMSI, known as a
: 26
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information is divide e strin
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563 in roamed away from its last location, necessitating an update in the private HLR/VLR registry.

In step 710, the private HLR/VLR registry processes the received access request which

was sent in step 708. Step 710 is more fully explained in a subsequent Fig. 14. In step 712, the

20  private HLR/VLR registry sends the MSC a location update confirm, indicating whether the

updating MS unit is authorized to use the resources of the private cPBX network. If the

updating MS unit is authorized to use the resources of the private cPBX network, the location

update confirm preferably further includes information indicating whether a location update has

been performed in the HLR/VLR registry. In decision box 714, it is ascertained whether the

25  updating MS unit is authorized (from the location update confirm received in step 712). If it is

determined in step 714 that the updating MS unit is authorized to use the resources of the

private cPBX network, the method proceeds to step 716 wherein a location update confirmed
message is sent from the MSC to the BSC,

In step 720, the SCCP clear message is sent from the MSC subsystem to the BSC
30  subsystem to clear the MM session built in step 702 and step 740. Subsequent to steps 720, the
BSC that receives the SCCP clear message in step 720 clears the channel all the way to the
updating MS unit. In step 724, the BSC that receives the SCCP clear message in step 720
returns a clear complete message to the MSC, indicating that the MM session has been
completely cleared. In step 726, the steps involved in updating location from an MS unit via an

35 MSCis finished.
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resources, e.g., the BBy Wepsrs dy It Hchidd cetBitr sebfitf functions such as password

19 checking, challenging, authenticating, or the like. If it is ascertained in step 756 that the updating
MS unit is authorized the use of resources of the private cPBX network, the network proceeds
to step 758 to update all private HLR’s/VLR's registries if necessary. In step 758, the identity

25  of the updating MS unit is checked to see whether its location needs to be updated in the
HLR/VLR registry that receives the process access request (and also in all HLR and VLR
registries if a network of cPBX is involved). Step 758 is discussed in greater detail in Fig. 15.

Following the update of HLR/VLR registries in step 758 or if the updating MS unit is
not authorized to use the resources of the private cPBX network (in some configurations and as
30  determined in step 756), the private HLR/VLR registry sends in step 760 a location update
confirm to the MSC subsystem. As mentioned earlier in connection with step 712 of Fig. 13B,
the location update confirm sent in step 760 indicates whether the updating MS unit is
authorized to use the resources of the private cPBX network and if it does, whether an update to

one or more private HLR/VLR registries has been performed.

35 Fig. 15 is a flowchart showing, in one embodiment, the steps involved in updating all
HLR/VLR registries if necessary of step 758 of Fig. 14. In step 772 the updating MS unit is

checked against the HLR/VLR registry associated with the cPBX subsystem that receives the
28
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in BTS subsyst enpﬁg'gllowtu@g step 16 Tlus is because it is snll necessary for the MS unit to build tbc MM

20  session (steps 702 to 706), sends a process access request to the HLR/VLR registry for

processing (steps 708-712), disabling the MS -unit from using the resources of. the private
¢PBX network if such usage is not anthorized (steps 714, 728, 730, and 734), and permits the
call to proceed if the updating MS unit is authorized to use the resources of the private cPBX
network (steps 714, and 716).

25 Since the steps of Fig. 16 involves an MS unit making a call instead of merely

requesting a location update (as is the case of Fig. 13B), there is preferably a flag or some type

of message sent to the HLR/VLR registry along with the process access request sent in step 708

of Fig. 13B during call building to inform the HLR/VLR registry that a call and not a location

update is being attempted. As is apparent to those of skills in the art, the calling MS unit may

30 inform the cPBX subsystem using any method of signaling that is convenient to implement.

Further, since the steps of Fig. 16 is not a location update attempt, it is typically not necessary to

update the HLR/VLR registry regarding the Jocation of the calling MS unit when a call is

attempted. In the context of the present implementation, steps 758 and comresponding steps of

. Fig. 15 are not performed in one embodiment when an MS unit is building a call. In the

35  particular implementation described herein, the method proceeds from step 756 to step 760

directly if it is ascertained that the calling MS unit is authorized to use the resources of the
private cPBX network.
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PCT/ US96/ 06291  Sxemal areas, e.g., ovgpseqs,pr Ipne-distance. [Step-§04ris expleingdTin) ereyy degil 4n a
ti me/ space swi t chrbs@Rentfig.d% i s coupled to both the TDM bus for data

and the VME bus for control. Tinme/space switch 602 is capabl e of
routing information bednsementlylia sttPBOE) it s asiit@Mes whkthe? Q. calling Ms‘ﬁﬁﬁﬁﬁ
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manuf act ured by

Ti me/ space swi tcﬁ Wﬂﬁ%ﬁ?%ﬁ@ﬁ?’%ﬂ*&wﬁe gs iSleanthp MM spssion “Bé‘?et
is 10  coupled way toithe M§ unib\Afershe Mbbssssion s clhared thedii€Tsendsanisaeconldpmessige
essence, tinme/ spaocd the BSC to the MSC. In one embodiment, the steps taken to clear the SCCP connection

or the MM session is analogous to the steps taken in steps 728, 730, and 734 of Fig. 13B.

On the other hand, if it is determined in step 806 that the MS unit is indeed authorized to

make the call, the method proceeds to step 810 where the HLR/VLR registry sends a map

20  complete. call which: is. a mobile-application-part. type of message to the MSC. The map

complete call sent in:step. 810 is received by the MSC from the HLR/VLR registry in step 812.

In step 814 the MSC sends the cPBX an initial address message (IAM) which in the GSM

implementation includes the destination phone number to indicate its desire to connect to a

particular destination phone. If intelligent switching is involved, it is the cPBX that decides the

25 optimal cross-connect point, e.g., via BTS, BSC, cPBX or forwards the call to a public
network, or another cPBX.

In step 816 the MSC sends to the MS unit a call proceeding message responsive to a
validation of the destination phone to indicate that the call is being processed. In step 818, an
addressed complete message (ACM) is sent from the cPBX to the MSC to indicate that the

30 entire destination number (the dialed nunmiber) has been received and that the call has been
connected to its destination. The receipt of the ACM message by the MSC also signifies a
successful alerting on the called party, i.e., the destination phone is ringing. In step 820, the

" MSC sends to the MS unit; responsive to the receipt of the ACM message received in step 818,
an alerting message to the MS unit to inform the MS unit that the party called is being alerted

35  and to tun on the ringer at the calling MS unit.

In step 822 the MSC sends the BSC an assignment request message to assign channel

for the bearer, e.g., the actual voice/data; channel on the A interface and to instruct the BSC to
30



switch 602 can communicate with up to 16 nodul es such as TRXs, other TMs,

or any ot her type nodul es attached to the TDM bus. A | arger nunber is
possible if tine/space switch 602 is configured to have even nore
ports and the TDM bus is configured to have even nore subbusses. 15
Ti me/ space switch 602 supports many of the switching functions described in
this di scl 3B5I wel| as in the comonly assi gned, copehdiuspspsioent
application entitled "METHODS AND APPARATUSSES FOR AN | NTELLI GENT
SW TCH', a commonly assigned international application filed under

the PCT on May 3, usw%aswanqdrfélmelsto build dhe\¢allg The assignod fchangel(répresonmahe chantebion
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ports, and furt hafe SrigeidiRair s1ohetMARS
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10B. Processor ‘j‘f tﬂ'ﬂ%f"tpom W%?%E@E%F’S@%E‘l%m earlier
3§

Possi bl e prot ocol%s(’ll ude Abis, A, SS#? and | SDN. This processi ng
enabl es cooperative interworking between other elenents of the GSM network

and the PSTN. | 1n pep824;at 1srnmmeﬂshﬂghd eanappmegmn@dme tchIE Andd BRCAHO in

604 may be ofpt t egmishiACH perform
gener al func'ItIrlbonﬁ\gs ° GMSC p merg sorre nome%&gé ({ﬁl&@nfeﬁ?agﬁ
Units) 606, 607 ardSGMRipficte thetthy ﬁ?‘gﬁﬁt <} by piskipg up- Ansisn 826 MSC
ports TxA and TxBﬁndﬁheﬂel\ltﬁSthesonwlaclaiohdpdm :Eéssagelns;foﬂsie toathe receipt of thd UWINM -
can be nodified fradss mg mﬁ@ﬁgn{c i gn@

conmmuni cat e :%Eg g O g@g ?ggééﬁhggg@ggﬁwgqé %&h %ggéﬁi ﬂ%&e
PSTN, or ot hers. (o3:2 s B F

the functiondSof tbmgzt&ndm@,aumommm type of i nt erface rray be
changed to accomobdate the particular required interface function. For 35
exampl e, franers 606, FQ¥7 sladlowchan iffasgratinpOf oaéembadisent, altecsteys tidvolved mlstéjt 804 of

2Mops, a T1 at  Fig, 16 (Whed-hMRIR/VER R ddiry MedP B  oufYoind AR capdhiftfids VF the calling MS
I nterface. unit). In step 852, the calling MS unit is checked against the HL registry eatries to
determine whether this calling MS unit can make the call to the destination indicated by the
20  telephone number dialed. In step 854, the validation is performed using the IMSI, or some
derivative. of the IMSI that uniquely identifies the calling MS. unit, e.g., the aforementioned
TMSI, and the telephone number dialed. The IMSI uniquely identifies the calling MS unit in
the HLR/VLR registries along with this calling capabilities. The telephone number dialed
indicates the destination of the call, which is then checked against the HLR/VLR registry to
25  determine whether or not the calling MS unit can make the call attempted. '

In step 856, it is ascertained whether the calling MS unit has the capability to make the

call attempted, If not, the call is rejected in step BS8, representing step 808 of Fig. 17.

Thereafter, the method proceeds to step 862 where the steps of Fig. 17 end. On the other hand,

if it is determined in step 856 that the calling MS unit indeed has the capability to make the call

30 attempted, the method proceeds to step 860 wherein the HLR/VLR registry sénds to the MSC a
map complete call message, representing step 810 of Fig. 16.

Fig. 18 is a flowchart illustrating, in one embodiment, the steps taken by the various
subsystems of the private cPBX network in disconnecting a call. In step 900, a call is currently
in progress, e.g., a call built via the steps of Fig. 16.

35 The call is disconnected when either the calling party disconnects in step 902 or the
- called party disconnects in step 904. It should be noted that the call may also be disconnected
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PCT/ US96/ 06291 DSPs 608a-f are coupled to tinme/space switch
via 8Mops Path Y and path Z out put ports. DSPs 608a-f can performa
vari ety of functions including transcode rate adaptation, echo

canceling, or other special functions such as those described bel ow. Once
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ports. As expl ained earlier, the required information
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DSP1611 or TI 2@)%‘2/ myy bpoinfthe privaeecPBg network qsroutsisle sif riy irf whichicese. the defease
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|
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any rat 65 such as 5 KBEP PA0 A5 812, sersn SREplelon 5 acknowledged. g, o111 BHE
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resources or TM raedsdde of Fig. 10B with its own sw tching, TRAU, echo
cancel | ati on and ot her resources, advantageously inproves m)dul arity,

thereby facilitating nfsiepoueﬂ{dgasd:ermswuadrs&5MMG@§1Mmuhawa9lfome cAliing S unit.

single chassis. Eu [ t S 8,0 b Ia

i ncl udi ng buses Ena{/télpn ’sth%?fsm see‘r%? %a%%gg éé@p}é@‘?ﬂ“ mor%"gﬁlﬁt Eﬁ*’%M
e.g., the TDM bugession. Thegraier, e B §CFM&?MSFWHWWHW&%WM fupigx Imstep
per mts di f {20 enD18) ek BSESsehds Hack @altbdSOan SCCP clear complete message indicating that the MM

session has been cleared.

Fig. 19 is a flowchart showing, in one embodiment, the steps involved when an MS
unit of the private cPBX network acts as a receiving unit to receive a call initiated either from the
external network or from another MS unit in the private cPBX network. In step 952, the MSC

25  receives an initial address message (IAM) message from the network through the cPBX for a
call that is terminating at an MS unit considered home to this MSC. If the calling unit is another
MS unit in private cPBX network, the JAM message received in step 952 represents
substantially the same IAM message sent by the calling MS unit in step 814 of Fig. 16.

In step 954, the MSC sends a map send information service request for the incoming

30 call to the local HLR/VLR registry to locate the MS unit represented by the telephone number in
- the JAM message. In one embodiment, step 954 involves determining the current location of

the destination MS unit in the private cPBX network (e.g., whether it has roamed away from its

home location area), the IMSI number that corresponds to the telephone number received in the

IAM message, the particular services subscribed to by the destination MS unit, and the like. In

35  step 956 the HLR/VLR registry, after locating the current location area of the destination MS
unit in step 954, sends a map page message to the MSC to request the MSC to page the

destination MS unit by either its IMSI or some version thereof. In step 956, the map page
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renoved in a chassis depending on need. The use of a single comon chassis
to configure these different subsystens advant ageously reduces

manuf acturing costs as well as upgrade 3 0 costs. Further, the use of a
single chassis for configuration as a BTS, a BSC, a cPBX, or any

conbi nati on of the above flexibly permts the private cPBX network to be
configured accor&@ﬁﬁ“ﬁml t o geographi c and custoner requireneRCHUSI6/06291
Properly popul ated, the chassis and its nodul es flexibly forma
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one RF- ) 22 WO
96/ 35301 . .
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ITDd]ch! e’requir ﬁs mhsmq?p;i?gmwhmsage. memﬂmgsscw@wtﬁ@mﬁmmssc
configure a chas - b . i e e .
with, for exanpl ﬁ:ﬁ%gelncl ock Fﬁd% ,n%o tg %éan%upg??&Bg{kP;}wgi?’t l_s
trunk nodul es. IE atec. Inong om nBé%ng:ds‘Ss’g {‘?5 T e eRRX 7ianng the destingtion M gnit -
To popul ate the surrently losates grepogadi Tl is RSOSEHE HLR/YLR! registrietygicallyakivwsewhich
S It at Iko n 3 u lbsllﬁ te EIPBﬁ%‘ﬁ_)hetﬁi_v&H cPBR! n@tvﬁﬂf‘ﬁxb Mﬁﬁ%ﬂoﬁ 'Mgrﬁ%ﬁ:tcilgucmen&iypﬁ&%%uf’ ?Gest not
cl ock nmodul e, on i n u U . u.es, up Fo two
trunk nodul es, agﬁ%gf ’(%)aCE gg&?@%t%dﬁ 'é'ng range gf!ﬂe\l\ﬁ)esm"°‘hﬂ§u‘?’¥‘a§$"ép‘gﬁ’ﬂ9@° the
subsyst em may bePEBREAeauest the BS¢Hon BRC's Page therdestinatiomdIS wiit andswaibtnchear the paging

cl ock nodul e, uprdspodséifrea thelRbinaBshi M snit.and up to six trunk nodules. In one
enbodi nent, it 10 Is also possible to integrate the cPBX and BSC

subsystens in one chagshes 966 iF el £andd | ot Al ti

the cPBX and, BSC,s b%sgggs .’rrﬁ%l:ip% I%gfge%sﬁseencﬁogéf% $1 %@%cg&es&ﬂ& %o dtnﬁgmee,é

CCPU nodul es; angesﬁ'ﬂ B MY yoif e, Rends 4 BpgiNe reprenie g the BYC (da p BIS), jyhich rgsponse is

integrate BTS, thenen@plaaddn s PELP sornestsequest thartheBSC supseuertitSoivardsBy theepyivasé

exanpl e, a suit abiSC.Cldhé bl if no paging response is received within a predetermined period, it
is assumed that the destination MS unit has either roamed out of the private cPBX network or is
turned off and the circuit connection is rejected. -

20 In step 962, the MSC, responsive to receiving the SCCP connect message from the
BSC in step 960, returns a SCCP connect confirmed message to the. BSC. In this manner, the
steps in steps 960 and 962 build the mobility management (MM) session by associating the
destination MS unit with a particular SCCP identifier.

In step 964, the destination MS unit that responded with a paging response (step 960) is
25  then validated. The MSC sends to the HLR/VLR registry a process access request service
request to validate the responding destination MS unit. In siep 964, the destination MS unit for
which the paging request was sent (step 958) is further checked to see whether it is authorized
or appropriate to establish bearer data communication channel to that destination MS unit.

In step 966, the MSC sends a setup message to the destination MS unit to set up a call.

30  The setup message contains the call control information, e.g., the type of service required (e.g.,

data/voice/fax) and optionally the calling party's phone number, that is required for setting up

the call. In step 967, the MSC sends to the cPBX an address complete message (ACM),

signifying to the network that enough of the address (e.g., the dialed phone number) has been

received to enable the private cPBX network to locate the destination MS unit. In step 968, the

35  MSC receives from the destination MS unit an alerting message, indicating that the MS unit has
acknowledged that a call that terminates on it has been attempted and that ringing may begin.
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may i nclude one clock nodule, one RF distribution nodule, up to two CCPU
nodul es, up to 15 two trunk nodules, and up to two TRX nodules. It should
be noted that sone of the above- ment i oned nodul es may be physically
simlar froma hardware perspective if programmable logic is used and
configuration essentially involves the |oading of the appropriate software
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In one enbodi mentchaymek (which theddH unit kas beenion thus fanirt Kigi 18Mtodke assignadisarks datieitnent
the cPBX 30 subsystem (by the private MSC) for all calls, including calls
between two W8 units i siepr978hthe MSC reqeivey fom ﬂ%@thk‘m il Rebiody frbA the
swi t chi ng deci si Qi&stinﬁu&@ﬁr?s Ahinyt Qpaggf’mteg&lf ge;eﬁm 'ﬂé’%'éei

Pear et

i n one enbodi mant er abI c ss-connect s ta C (31 s at a Iow
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illustrate, Fi g N2, e MBC & nolifigsl thdt iasuccessful bemldlmdlresaumaém@mm whith enables

: nﬁlkuggzg cPBX S%ﬁyﬁa&r@mﬁ&&ca@o‘i@has%& R, CaWRb t%ﬁfe | t ﬁm%5s s 972
| al | S
656, 658, 666 > 59l 9%%21‘“%’8 ficflgent GoneeloBfileGe gt %H’é%‘o‘g? e °8’Fs'¥‘1 %‘W

MB unit, e.g., NEnEpiRg puk andtherqutesingpath for gallsiberwvesn fymMSnunits of the private cPBX
23 network to a lower level in the hierarchy. :

In step 978, the MSC receives from the destination MS unit a connect acknowledge
message, indicating:that the destination-MS unit is picked up. Responsive to the received -
20  connect acknowledge message in step 978, the MSC sends. to- the cPBX a answer message
" (ANM) in step 980 to indicate to. the calling unit (which may be in the external .network or
another MS unit in the private cPBX network) that the destination MS unit has answered by
picking up the call. In step 982, the call is now in progress.

Fig. 20A is a flowchart showing from the cPBX perspective, in one embodiment, the
25  steps taken when an MS unit of the private cPBX network originates a call. In step 1002, the
cPBX receives an initial address message (IAM) from the private MSC. In one embodiment,
the JAM message typically includes the destination (ISDN) phone number dialed.
* Furthermore, in the GSM implementation, all digits of the destination phone number typically
arrive all at once. In other implementations, the digits may arrive one at a time as the number is

30 being dialed.

In steps 1004, the destination network, whether it is a PSTN, a PLMN, another cPBX in

a multi-site cPBX configuration, or internally within the cPBX that originates the call, is found.

In one embodiment, the destination network is ascertained by walking through a dialing tree one

digit at a time to ascertain the outgoing path. In step 1006, the method determines whether the

35  destination for the call is another MS unit in the private cPBX network. If it is determined in
steps 1004 and 1006 that the destination of the call is another MS unit in the private cPBX
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si mply per m 20beén pogestinstw1026d from M5 unit 664 to traverse it to a
hi gher level in the private cPBX network. For further information

re?ardi ng tﬂe : gt el | | OfifHe oftieP Riind(i0 (3 QIeitinAibn VT iR dall &f ant IS it &5 BB torhAld O hahditier
reference shou . - e | it

Net hods and. App< X o e prie erPut > BAnARGbaAP R 12k, BlSe il g cff o
No. WAVEP0O4. P) aw%ﬂﬁ&? aﬁtﬁ%‘@ 5 VaRK-t 1R step 4 @40 ﬁ’ﬁéﬁl?xea?lw appropriate
Rout i ng" (Att or néyterfoe Katcomybisatioh @ith adnthel) cBBX. ihl theOpriva8 APBXBhetwerk| k.S, internal
patent applig8ti @Bwork interface 426 of Fig. 6.

If the destination of the call is an MS unit in the domain of the same cPBX from which
the call is originated, the method proceeds to step 1032, signifying that the incoming call path
loops back into the same ¢cPBX from which the call is originated and that the actual cross-
connection of bearer data channels should be made internally either by the MSC of this cPBX

30 orby another functional step, e.g., BSC, BTS, further down the hierarchy (if intelligent cross-
connect is involved).

In step 1034, the cPBX assigns the appropriate interface for communicating with the
destination MS unit in the same cPBX that originates the call. In one embodiment, the local
interface assigned in step 1034 may be as simple as the location where the cross-connect

35  between the outgoing path and the incoming path.
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filed on May 4, 1995 and incorporated herein by reference in their entirety

for all purposes. Fig. 12 further shows a cPBX subsystem 680
coupl ed with cPBX subsystens 650 and 3 5 652 as well as with BSS' s 682
and 684. Wthin the domain of cPBX subsystem 680, shown are two M5
units 688 and 690. For purpose of illustration, BSS s 682 and 684 are
directly VOLHPBAL vi a | i nk 686. Al though signaling sessi errndssssedd
units 688 and 690 reaches cPBX

24 WD 96/ 35301

PCT/ US96/ 06291 Whey theincomingaiith dndithe altgoingcpathi mmuﬁa%mddﬁ%vate network
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preferably has wifhcfiminating the peed for Repfprming: rafecagnyersiensvia 8 TRAN. t ¥ ithenorigimating MS
anong MBS unit$ tIuanamhheﬂennmatmngmmothﬁmtﬁatBSﬁrenﬁratéﬁlletg.ﬁﬂbp@’é&ﬁﬂ%'l%la§§

682, |acks suffi gisdy bRsQ #’B@M ol
conversion, to pt rtljén coﬁﬁcgtﬁh@:gng% ath oerﬁa\%en vﬁ}éﬂ%m ts%eﬁdefl‘t For further
domain, it may p 108} r‘?P"'“B’&?‘éP%?fa P <PPEmal. gross-qogRestions paint based pon
to an upst r eam c pvailable aesnurces, mfetence \shoudd be made tbahqome nientished RBpefdiis ParbrsN
680 in Fi gt 12, emitel tMeihas PR A\ §e§”fo§ | tﬁf‘ h" mﬁgﬂ' dcﬁéla}qo
resources toqRQro s _cpnn cogpl et e, "

18T WAVEPOIAE, sad " #i? el Gl Rou | SN,

Fig. 13A shows in
424 of Fig. 6. 08/434 wmqhmmomomedmmmﬁmcq@mi@umo@ to all hone MS
units. The information contained in a HLR may i ncl ude subscri ber
i nformation, suppl emeFitom eitbersteps K30 S5) 034 theomathtd proceedy to siep 1036w0. begm perforkringd
network of multi thibichds-6daRett throug H%ch&%%g}dpﬁméﬁ&iﬁée&é!b&d&fﬁdmttno i the CPBX
duplicated in aII rconnect & CP% gﬁ# ¢
regi stry cont ai ns | Wsﬂ%&%q'ﬁ‘ﬁe e @0@38%% H?‘?af’%m’(%‘ﬁe‘f'ﬁgf‘ceor‘“
not 15 JAM’ message is sent in step 1036 to indicate that the message in an on-net type message
which may differ from the standard IAM message typically sent off net. In one embodiment,
the IAM’ message includes information to identify that different resource requirements, e.g., no
echo canceling, no TRAU, as well as the communication rates of the MS units. In some cases,
some of the above information may be inciuded in the ACM' message as well.

20 In step 1038, the cPBX that sends out the IAM’ message in step 1036 receives an
ACM’ (address cothplete message) from a destination MSC, which may be the MSC
associated with the cPBX from which the call originates or from an MSC associated with
another cPBX in the private cPBX network. In step 1040, the cPBX that receives the ACM’
message in step 1038 sends an ACM message to the origination MSC (the MSC associated

25  with the cPBX subsystem in which domain the calling MS unit is located) responsive to
receiving the ACM’ message in step 1038. From step 1040 of Fig. 20A, the method proceeds
to step 1042 of Fig. 20B. '

Figs. 20B is a continuation of Fig, 20A. Referring now to Fig. 20B, the method

ascertains in step 1042, based on the information received from the destination MSC in step

30 1038, whether it is necessary to adjust the bandwidth and to insert TRAU resources to permit
MS units that communicate at different rates to establish communication. The information may

be encapsulated in the ACM’ message in one embodiment. If it is determined in step 1042 that

the MS units communicate at different rates and that TRAU resources are necessary, the
method proceeds to step 1034 to assign the appropriate resources. It should be noted that unlike

35 the prior art where incoming and outgoing communication channels are automatically TRAUed,
e.g, up to 64 Kbps, before communication can be established, the present invention
advantageously avoids TRAUing when it is unnecessary, thereby advantageously improving
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that M5 unit is home to the cPBX associated wth that VLR registry) that
are currently in the | ocation area controlled by the cPBX associ at ed
with that VLR registry. In this manner, a VLR registry may contain

i nformation about M5 units that are currently home if these M5 units
happen to be hong to the cPBX associated with that VLR registry. The VLR
regi stry furtherWSP6/B530hc| udes i nformati on pertaining to the NPCEWsssdbAt

have roamed into the | ocation area controlled by the cPBX associ at ed
with that VLR registr Referring now to Fig. 13A, each
record preferabl % 1“@?41‘}?}&’9 guajityopng degreasing rthe) gomputations) overhead asfociated Wigh rate

unit. The | MSI orcouysrsiam dh bne esthodinmim)the ussizhment\of the iapytogtiate reduichSavelRy sWiRhing

used to uniifl 4R TRAUREGurdeY ardhd bR mibalug. t he registry. In one
enbodi nent, the IMSI is used for recogm zing 25 M5 units that are

authorirzed to use the t rk. i.n e
Fionr -S|’te Con&% 15 step PESsWhiele & ehe\éﬁsw Jgsgpent

st and- al Qne or I on.

HLR/ VLR regi sPry ‘?Wﬁ“ﬁ%ﬁ’"{“ﬁ@?‘ﬂ HSP‘EIB%@‘W Fr'e“qté‘P“é%%‘HE compligred (aasistpgmw in@tep

the M5 unit, subdé4f)tbe methbdproedeiom sep iti7as disrohbect e CdlRind §RE t dtdpy 1029 Wi the
billing address cxrcmtenterstlhéxhle@ﬁte' nformation, supplenental services
subscribed by a particular M5 unit, and the like. 30 - Typically, there is

al so included inform .t he home | ocati on t he CPBX
‘subsystem consi der ed tbg%%e&%g%“%[%% ﬁ@g ]Ftegg%s tep 1045)
record, and curré‘ﬁ!fltlsdewmqeémwzﬂla@hemtsmeneﬂﬂdaadjmbmdwaiﬂammwdprdueds
Mr?b uglt assogOaL edswplmwmermmﬂltr&ss%ﬁﬂwﬁd%weenﬂmmd &dm&&:@ﬁ%pamxs
enbodi nent ot %?ﬂi

combi ned i n one as &E’ bﬁg\n&g‘%‘ S%J%ﬁ%l %trjng?ceg? §J"ilgcat"?a%% #méll}@c’o*he
the record then g °’f‘B"r |$iT§h°qu|f16raﬁ‘i9f"r"B‘ﬁW Sy an dntelligempro switching sghepess  fins apgther
is home to a cPBXmbndimeites erossacanhertion betweennMSwodits inhéie dhﬁlaﬁnbf tlieuﬁahﬁnbi’nx is

| ocates. By way Qfef&@{pirformd arlipM§@iRell N t he current |ocatjon
field differs fromthe data in the hone Iocatlon field, the M5 unit has

roamed away fegomits . . . 25
WO 96/ 35301 flg In step 1048, the cPBX received from the destination MSC an ANM’ message.” The

PCT/ US96/ 06291 ANM’ message indicated that the destination call has answered the call. The step 1050, the
¢PBX forwards an answer message (ANM) to the origination MSC responsive to receiving the

ANM’ message in step 1028. From step 1050, the method proceeds to step 1052 wherein the
call is in progress.

20 Fig. 21 is a flowchart illustrating, in one embodiment, the steps taken by the cPBX of
the present invention, from the cPBX perspective, when a call terminates on an MS unit of the
private cPBX network. From step 1100, a distinction is made between calls that originate from

the external network through an appropriate interface and calls that originate from a cPBX in the
cPBX network.

25 The left branch of Fig. 21 starting at step 1102 assumes that an initial address message
(IAM) is sent from an external public network and is received by the cPBX. In step 1104, the
cPBX consults with the HLR/VLR registry to locate the destination MS unit in the cPBX
network. Step 1104 is necessary in, for example, the multi-site configuration since the
destination MS unit may have roamed away from its home location area. In one embodiment,

30 the stéps performed in step 1104 of Fig. 21 are analogous to the steps performed in step 1006 -
1010 of Fig. 20A. If the destination MS unit is not turned on, the signaling session ends after a
predetermined time period. As is apparent, step 1004 may be unnecessary in a stand-alone
configuration that does not permit an MS unit to roam from cPBX to cPBX.

In step 1106, it is ascertained whether the destination MS unit, whose telephone number
35  isencapsulated in the IAM message received in step 1102, is local to the cPBX that receives the
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honme | ocation area. Depending on need and configurations, the HLR/ VLR

regi stry may I ncl ude a greater or fewer nunber of fields as
appropri at e. As mentioned previously, HLR/' VLR registry
information in a network/nmulti-site configuration is, in one

enbodi nent, duplicated anong the cPBX' s. The coordination of 5 HLR/ VLR
regi stry i nfor ma™¥38%ng the cPBX subsystens of a nulti-site PCINUS96/06291
configuration facili tates roam ng by provi ding information for

building calls t unlts h&? ro away fromits hone
| ocation area. THIY TESSEierPRPLAl Fhet “&JSM‘WFM§WPBK‘SMF‘““
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SRS iy eetiafon ot k. b e
may be perforned |ntenance
peri ods. Dur| n hese peri od| C update perl ods the system oper at or
may create a new recol§ubsaueRysEpsof the right hand path of Bigt 21, the sall is serug viaan applidation
or set adrecbﬁ)d pmm'mlngnmﬁ@q%mnénmllm;dthBXfég%;&rwardgbm m&l{jg&rg:’s{w@m
time, updat es t0kAgiith 4RMSELEAG R 14 e Slitss U fipRleTh R AR DT By
the MsC subsyste:ﬁ | es erw.se i.n L
registries menti§ Q'?mdﬁ ﬁ%ﬁ: ﬁ"?g"f‘ lﬁsf‘?‘f%w?gé@ pddggsyr In
‘the HLR/ VLR regi SteP gflléftheh@rqmt@dxmlsmmectedthmmmmepn“vmnmwmtappmpnm
Iﬁc aL ion of an Mutaacd (eigs a@mﬂfc?aem&wlnémrﬁmuamm pbﬁohl of the cPBX) Oﬂhe%hheé
checks in n . Si,gn

a predeterm{ned tehbigh ?%%d&gn?&’%gﬂgg &d :ge ? %I%L téeﬁl g@ 3u1§1
this case, the CG?’P@H'P"*}“SE-aﬁ gep EHSy t}lesPBX forwards the ACMomessage Stichawasreesived

the inactive N5 swmpilignetheexiiny poblivdetwddk viAia phtA\Codnectalin stepre1185  ver si on
of that nmessage. The MSC subsystem associated with a cPBX subsystem

recei ;/es ]Ehe t I wlméﬁaamaﬁmewﬁumhmdmaﬁae Qﬁe&a!llﬁ:h@ﬂésﬁﬁdhﬁnﬂﬁé@r&an
registry for au r i1 din S
For an M5 uné @ehavea?ogﬁg)fnessﬁ?e#%% ll;vga?]deﬁ 91% c'%w?‘%fé
subsyst em whéPe k2R Insep 132, the cRBX forpands é@%m&%@a&rﬁ@wmm 1120 to
bel ongi ng - the extesial ﬁvﬁlmmWorhtu:kxgnifgiﬂtaE&ecﬂledpmy hik pickédRprisgeatit dy stépvbi2dh
is then used . to Wﬂ?sn%r'mﬁﬂgresﬁLR/VLR registry in a nmulti-site
configurati on) gs. 13B-22 shows in a fl ovvchart format the

Fz)ggtsl zﬁkﬁgdg%/et hﬁ/Bthr?l}{%c ﬂ%F%d] w{'gal addmsa‘e%é& In?r ca"FI ltFﬁrdrilr‘%mna )I{ Setwork
from both the pe%@%?%md&ﬂ‘@ﬁﬁpqu 10130.ofn gonel 13fhe SRR here the desgination
13B i s a fl oRBhaiMS unit is located receives an IAM’ (initial address message) from an cPBX on-net. The
c¢PBX which sends the IAM’ message (and received by the cPBX in step 1130) may be the
MSC associated with the home cPBX if the destination MS unit has not roamed away from its
home location area, from an MSC that is associated with another ¢cPBX in the private cPBX
network (when the origination MS unit is located in a location area controlled by another
30 ¢PBX), or from another cPBX that forwards an external call. In this last scenario, the
destination MS unit has roamed away and the IAM message received from the external

network (2 PSTN network) has been forwarded by the home cPBX.

In step 1140, the cPBX consults the HLR/VLR registry using a locate request message

in order to ascertain the location area where the destination MS unit is located. If the destination

35  MS unitis not local to the cPBX that receives the IAM’ message in step 1130 (as determined in
step 1150), the method proceeds to step 1152 where the signaling session ends. This is because
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showi ng the steps involved when an M5 unit w shes to update its |ocation
wth the private 3 5 HLR/ VLR regi stry of the private cPBX network. At
step 702, an updating MS unit sends to a BSC subsystemvia a BTS
subsystem a | ocation update request. Typically a | ocation update

request include the IMSI of the updating M5 unit, e.g., a version of the

| MSI, known as aWO96/35301 PCR0s96/06291
VO 96/ 35301
PCT/ US96/ 06291 TVBI (tenporary MSI that is used in place of the | VS

for, anong ot her@‘@gb%#?q%ﬁg pteR 4 Bi0sassumes that the destination iMS unif istloxal foBhecHBX and i
ei ][ her the | I\/gl ohedEkﬂanonMSmmhmlodﬁt&tofbeﬁﬁ:ant&&eMEBHth cﬁ'&&tavom? encﬂéi§(lj
a location updat gy ot s
the MsC subsystem a é‘gtlmm e Thee%wé-hg;é%%gg m%l&?m%?gc un| ﬁ'ﬁ "‘H‘?g
| ocati on updat e the Rsties of gie pivgls SFBKgnetwork ha&mﬂé@ﬁ ithgnchance to
Control Part) cor\lném mmmmtgpwswmwmmesmmmmm&wgﬂmmme-

bet ween t he Bs%‘”"“”’m‘gfgg" %m%mﬁ?;lmm%mn 6 0 L VR o ] et

t he SCCP connect ‘reque forypzded 5o Bpdat e request
sent by the updating unjit in step 702. St eﬁ) 702 and 704 builds the
mobi lity 10  managenbit S@ewymisekiaistsps 1140 and 1150 that the degtination, MSOgnit isHecahBOhe
subsyst em sends mmxmaﬁﬁvmwwammgsmpcmmmmmmd&ds to step 1054 wherein
val i dat e thaygan RdVEHORRE kdchives! e ma*&l*sa F0SBrwalds ad ERMMRSsage to the
subsyst em sends tg .t 0‘5” vatﬁ HLR/ R T e érsg/ process ACCOOS
request, which réﬁ?@%‘f o M3y PP Arspation nds Ji addret) copplets gnessage
| ocation update (8GMBdetheeEBKved at step 702 ,to ascertain via the private
15 HLR/ VLR regi stry whether the M unit that is requesting the | ocation
update is " au'éhorl zedThe ACM meissage semlbyamﬁsﬁﬂuﬂsmsdﬂ&kﬁﬂwweeraﬁbﬂ\m the IAM
resources, an n

WhsdsBBE sédd Wﬁs& Q@ph'ﬂé HapBx emclléﬁ%@g&regl Sga%‘lhtsép

last |ocati °Ys "9%S¢ ad_)t att{nenl?angmdgp commumcau nr cI:h\z/mnels if necessary. The bandwidth may
need to be adjusted, for example, when the originating MS unit communicates at 8 Kbps and
the destination MS unit communicates at 16 Kbps. In one embodiment, the cPBX itself
switches in the appropriate resources (e.g., TRAU). In another embodiment, the cPBX
delegates the actual switching in of the appropriate resources for bandwidth adjustment down to
20  other functional blocks of the hierarchy, e.g., BSC or BTS.

D

In step 1160, the communication path is connected through to the appropriate interface
(e.g., internal network interface 426 of Fig. 6 or simply within the same private MSC if both the
originating MS unit and the destination MS unit happen to be in the domain of the same cPBX).
The connecting through from MSC to the appropriate interface in step 1160 facilities full duplex
25 communication.

In step 1162, the method determines whether the bandwidth resources to accomplish
bandwidth adjustment in step 1158 are available. The resources are determined to be available
if the bandwidth adjustment can be accomplished by the cPBX directly communicating with the
destination MS unit (which may or may not be the home cPBX of the destination MS unit). If

30 it is determined in step 1162 that bandwidth resources are not available in this cPBX, the
method proceeds to step 1164 where the destination ¢cPBX (the ¢cPBX that directly controls the
destination MS unit) sends to the originating cPBX (the cPBX that sends the IAM’ message in
step 1130) an ACM’ message which indicates, among other things, that bandwidth adjustment
needs to made in the originating cPBX since there is insufficient bandwidth adjustment

35  resources available in the destination cPBX. If the destination cPBX has insufficient resources
to adjust bandwidth, bandwidth adjustment may be made, in one embodiment, in steps 1042-

1044 of Fig. 20B. It should be noted that the originating ¢cPBX in steps 1154 1156 may not
39 '



In step 710, the private HLR/ VLR regi stry processes the received access
request which was sent in step 708. Step 710 is nore fully expl ai ned
in a subsequent Fig. 14. In step 712, the 20 private HLR/ VLR regi stry
sends the MSC a | ocation update confirm indicating whether the

updating Ms unit _is authorized to use the resources of the private cPBX
petwork. If the WO 96/353hdating MS unit is authorized to use thecrRmesssas
of the private cPBX network, the |ocation update confirm preferably
further includes informtion indicating whether -a | ocation update has

been perforned i Aeqesiarlyrapresentihe aginal place where thexall & asiginbted; e g1 4f thé talli miginates from
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step 714 that the updating unit 1s authorized to use the resources of

t he private cP t the et hod procee Q step 716 wherein a
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Subsequent 05! 8iadd ol Vo i, 5 S bt ki i Stk B 14
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In step 724, theY9SERRtpy SPBX g, there, is; gonsequsntly ap msed fop dhecqriginatingsePHX R adjust the
returns a cl ear bauxpidi.e Inwas agbodiment) eheNECM'i imekisaget sehg it Rillier tskp Mé4s&s $igen
has been 10 C&H&ﬁ;nsiﬁénféxﬁééagdméi%ﬁhﬁgpg&@ K/E%ez‘ﬁ't eps_involved in

updating location froman M5 unit via an I's finished.
27 WO 9 . )
PCT/ US96/ 06291 &{ ‘fﬁﬁ%“‘e mgiRof procesos, from cithey stepy 1164 qrd 166 to yep 4168 yhemgin
step 714 that thitegdpiattiongPRKesrives anangyar message (ANM fiopy the grivas MSE. (Toe ANM
resources of thempssageaindicat®Bxmneg wiberkthing) aharetichalled pace cit dHealestingtichCISdanit has
picked up the call. The origination cPBX, which receives the ANM message in step 1168, then
15 sends an ANM’ message to the origination cPBX in step 1170. Thereafier, the method

proceeds to step 1124 as shown in Fig. 21, wherein the call is in progress.

Fig. 22 represents a more detailed flowchart of step 1108 of Fig. 21 representing the
steps taken by the cPBX when a call from the external network is received by the home cPBX
and forwarded to the destination cPBX where the destination MS unit has roamed to. At step

20 1202, echo canceling and TRAU resources are assigned if needed. As mentioned earlier, echo
- canceling and TRAU resources may be needed for calls coming in from the external network
since phones on PSTN typically communicate at a different rate than MS unit in the private

cPBX network.

In step 1204, the originating cPBX, which in this case represents the home cPBX where

25  the off-net call is first sent, forwards the initial address message (IAM) that is received in step

1102 of Fig. 21 to the destination cPBX where the destination MS unit has roamed to. Since

the message is internal within the private cPBX network, the IAM message received in step

1102 of Fig. 21 is converted in an JAM’ message, which as discussed earlier, may include

additional information such as rate conversion information, before being sent, in step 1204, to

30 thedestination cPBX. In one embodiment, the IAM’ message in step 1204 is received in step
1130 of Fig. 21.

In step 1206, the destination cPBX returns an addressed complete message (ACM’) to
the originating cPBX, signifying that the entire address has been received. In one embodiment,
the ACM’ message received in step 1206 corresponds to the ACM’ message sent in either step

35 1164 or step 1166 of Fig. 21. In step 1208, the method ascertains whether the bandwidth needs
to be adjusted. I the bandwidth needs to be adjusted (due to different rates of communication),
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to steps 728-734 to clear the SCCP or MM session. In step 728, the MSC
subsystem sends to t he BSC subsystem a | ocati on update reject
message, ‘indicating that the request to update 5 | ocation by the
updating MS unit cannot be processed. In step 730, the MSC subsystem sends
to the BSC subsystem an SCCP cl ear nessage to begin clearing the MV

sessi on. YWL8Wnt |y, the BSC clears the channel all theCHEysioeest he
updating Ms unit. I'n step 734, the BSC subsyst em sends to t he MsC
subsystem a cl ear | ete nmessage, indicating that the MM sessi on
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‘over whel m ng1 ¢ he proceeds torseeiaquweﬁereh tﬁeh?eai&f Wﬁ%@% .%,%a
‘manner, access to h(ﬁgs;_lgk}eﬁour th an |vaftt&éﬂd X netwo y na |ve
or aut horized Ms% OPﬁgﬁ%f 7 $SEPOpP

Optionally, step 754 may further include certain securlg functlons such as

passwor d checkinritep 1216, thedestinpion SRRX cphich-rzeaives the ACH anessage in step 1206,

I s ascertained i senss @p addr€sst domipletehmesspgbafACM) message toMhbe LeRietnal fetovoikheis ithee path
the use of resoupGRectedinkds 1Pi4 vate cPBX network, the network proceeds
to step 758 to update all grlvate HLR s/VLR s registries if necessary. In

step 758, I dentit he dat i nif i t.0

whet her its Focat i on i{”ﬁe(?s ztlg lf)lhe 5‘@@2@?’%&“?@* Ehecg.ll %Féﬁ%“?"é’ 5@? it, the
that receives th@itMSEssendy adasthe GMEGon( the, destination icRBX) pn Hlmdamswmessage)
registries if a mbichds lecsifedditBipi1218 by thk ofigihatinBcPPX.7 T8 step 12005 @éSsiigthatiny cPBX

gr eat er . det al l I al"ll'ilsw r messa; kim%%%”&g%%alpa
Fersiries 1o 1 SR e i B ﬁtﬂegmmﬁmﬁﬁze

and as 30 determned in step 756) the private HLR' VLR registry sends in
step 760 a 12@ation upltheugh the foregoing imventionthes bprn desibed, ins sommee r purposes of
mentioned earl i eclatiy dfama&eﬁndﬁg \id Wil Eetq:paxzxi&mfoeﬁ:gchaﬁ@e% and modxﬁcahhe may be

| ocati on update a%g&

unit is a%&%&?&?% Q%eSthﬁg our.ces oﬁf E@E r v {
and if it does, Whefeusteddnrei 8’ defergnee primarily o ﬁ?MniMs T i ’iP&'t"@ IFIL'F?“’\‘M‘?lt the
regi stries has beme!pmm.not 8p limiting. It is spedifiglly édntemplatedf thetwthi aceliular private

showi ng, in 25e epdacK iexdhaiges (dicloSddCitgeih M9 e finplémésRdaini §i@tedis| using other specific
protocols. Further, aithough the present invention uses communication between two MS units
to illustrate the inventive concept, it should be noted that conference calls may be made among
more than two MS units, e.g. among 3, 4 or more MS units. The adaptation of the disclosed
apparatuses and methods to achieve that end is well within the abilities of one skilled in the art.
30  Given this disclosure, it will be apparent to those of ordinary skills in the art that combinations
and substitutions may be made without departing from the scope and the spirit of the present
invention. Consequently, the scope of the invention is not limited to the specific examples
given herein but is set forth in the appended claims,

U
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HLR/' VLR registries if necessary of step 758 of Fig. 14. In step 772 the

updating M5 unit is checked against the HLR/' VLR regi stry associ ated
wi th the cPBX subsystemthat receives the

28 WD 96/ 35301

PCT/ US96/ 06291 access request to determ ne whether it is alread
.registered to bWO9/3%38¢t | ocation area controlled by t he RGIBIE96/A39
rrecei ved the access request. In other words, the nmethod determ nes whet her
|the updating M5 unit has noved fromits Iast known | ocation area. In one
‘embodi nent, the HLR/ VLR registry agm[a) wi th the cPBX subsystem
‘that receives the access request is 5 CHEeCK¢ o0 see whet her the
updating M5 unit was |last registered to be within the |ocation area
controlled by it. If the upd AR OF TERYRSAND APBREXIAHONS i t s | ast

known | ocation area, the met hod proceeds to step 774, representing

the end of the sjigps of FP&too&l@tacﬁbt&:&ﬁam%dBBSQ i f the updating
M5 unit has roarf cff" &‘t know | ocation area (as determned in
st ep 772), et héggﬁﬁs mplete MEssagEc, 776 to update the HLR/ VLR

registry associ 2ANME Wi t h Ansver MessagBX subsystem that receives the access

request. BCF: | Bade/tatioi’ BontiobFsietidiect ed to other cPBX's in a
multi-site confi ‘ation, .t he optionally proceeds to step 778
ito broadcast thelg#éwly ed?3 tagﬁgvgﬂlrecord reflecting the changed

current |ocati orBS¥ea of Baw SBORSIISYSMS unit, to all HLR/ VLR registries in
‘the multi- 10 BE:te netwemm\efmmnupdate_s. Note that it is not
|necessary in the .tand al n to 15 broadcast the changed
irecord to any ot er cPBX EQESI nﬁ re I'S none). Fig. 16 is
‘a flowchart showHBY: in ofe nment, the steps taken by the various

. subsyst ens of the?HXI vatechRXanMh\Bumnm M5 unit originates a call

‘frominside the p prl predsiig K. The steps of Fig. 16 start
where Fig. (Bél&{ catl ﬁl aves off follow ng step 716.
This is bec (gstll ngsr %‘Lyforthelvsunlt to build the MM 20
session (steps 7G8M:o 706)GlohabSystems forMebile Cogmupicatiqne qyest to the HLR/ VLR
registry for HLR: Home Location Registry
IAM: Initial Address Message
ISDN: Integrated Services Digital Network
20 IWE: InnerWorking Functions
LAPD-M:  Link Access Protocol on the Dm (control) channel
MM: Mobility Management
MS: Mobile Stations
MSC Mobile-Services Switching Center
25 PSTIN: Public Switched Telephone Network
PBX: Private branch exchange
RF: module Radio Frequency module
RL: Radio Link
RR: Radio Resource Management
30 SCCp: Signaling Connection Control Part
SMS : Short Message Services
SS: Supplemental Services
TDMdata:  Time Division Multiplexed Data
TRAU: Transcoder-Rate Adapter Unit
35 TRX: Transceiver _
VLR: Visitor Location Registry
VME: An industry standard bus for interconnecting components
wPBX: wired PBX
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processing (steps 708-712), disabling the M5 unit fromusing the resources

of the private cPBX network if such usage is not authorized (steps
714, 728, 730, and 734), and permts the - call to proceed if the
updating M5 unit is authorized to use the resources of the private cPBX
network (steps 714, and 716). 25 Since the steps of Fig. 16

i nvol ves an M5 uMG96[5301 ng a call instead of nerely I eqUEBCTIUSP66291

| ocation update (as is the case of Fig. 13B), there is preferably a flag or
sone type of nessage sent to the HLR/ VLR reSi stry along with the
process access request sent in step. 708 AE g. 13B during call
building to informthe HLR'VLR registry that a call and not a | ocati on
update is being athb SRdne grg'gm he art,

the calling M5 uni gn%fdml&%%ﬁh%@? %sep(g*{nau S ‘ﬁ%ge%ru& ng anymn%? ﬁg'd

si gnal i-ng that | $UB Ioyying 8°‘f“ﬁﬁf"l§n’é‘?ﬂrp° fespce @F%@Ws@@p@e
of Fig. 16 |55notfe‘dﬂwed(fmad¢h0n;bm&tmatmmrrpt it is typ| cal Iy not necessary
to update the HLR/VLR regi stry regardi ng the location of the calling
M5 unit when a ¢ Mouly, Michel; & WMMMWM&&
i mpl enent at i on, m%@%%&q&%&%%&mﬂﬁ% 1992. Fig. 15 are not
performed in,gne enbodi ment when an M5 unit is building a call. In the 35
parti cul ar h§| enent ahl an desfc i_bed he .ei N t he .ne th proceeds fromste
756 to step 760 .. Tpr 4 NI R ¢

unit is authoriz o LT t

29 96/ 35301

PCT/ US96/ 06294 In step 802 the calling MS unit sends the
MSC (via the BTS and meﬁ semggoﬂgﬁﬁggﬁns

anong ot hers, t heelétBfmn il sPHREH APRH4E IO MR

i ndi cating whet hwxmvmepmw

In step 804 the HLR/ VLR registry associated with the MSC t hat
recei ves the28et up nessage in step 802 validates whether 5 t he caII

attenpted is pernissi Bmwasy T\n&yomthumngsl eStandendSamuhand Spean
authorized to  lelecomm D : ,

25
1994 Valbonne - France.
30
- European Telecommumcanons Standards Instltute M_gmg
(Phas o) g ler - Base Transceiver Station
mwmwmﬂm; 1994 Valbonne - France.
35
European Telecommumcanons Standards Insntute "
09.02)" , 1994, Valbonne - France, '
40
European Telecommumcatlons Standards Insntute Lljympg_m_dmgl__uglg
45 1994 Valbonne France.
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use the puwmmmm Hﬂlﬂ“lesour ces, may be blocked fromattenpting to nmake
calls to ernal areas, e.g., overseas or |ong distance.
Step 804 is explai ned % n greater detail in a subsequent Fig. 17.
Consequently, in step 806, it is ascertained whether the calling M5s unit is
aut hori zed to 10 make the call attenpted., If not, the nethod proceeds to
step 808 to rej e¥P%AWOLt tenpt and to cl ear the MM sessi ®CI/USha6esl |
attenpted is also rejected, in step 808, if the caller attenpts to

use a supplenental service (SS) that calling M5 unit has not subscribed to
or is unavail abl gnt . rlvate cPBX network. After it is determ ned
in step 806 that “=ST U be rejected, an SCCP cl ear nessage
is preferably sent fromthe MBC to BSC to clear the MM session all the 15
way to the M5 unit. After the MM session is cleared, the BSC sends a cl ear
conpl ete nmessage fromthe BSC to the MSC. In one enbodi nent, the
steps taken to clear Fhe doesiulanprivatstbranch exchange Gor fadiitatinl/callabs camminsication for a
anal ogous to t hefisst pipmlityaf eiobile stdtiof Biits,cdfpridigg,. and 734 of Fig. 13B.

On the other hand, if it is determned in step 806 that the M5 unlt IS

i ndeed authorjzed to , first bastBBot Bibs ngsﬁén{ fortéaﬁmﬂiﬁfcktpg Qﬁ%‘iﬁ EeGR Stile

where the HLR/ VLR teqi st nds
mobi | e-app] i cat i 8f° qt"f § g Wﬁgg’égé”‘g’deﬁﬁ@w Wtﬁspﬁﬁ'ﬁely a ﬁfs'ﬁ %@rﬂ)ﬂé@l@
ical | sent Fn st epel qudmdtanwhaw the MSC fromthe HLR' VLR registry.in

'step 812. " In step 814 the MSC sends the cPBX an initial address
message (1AM which iacédlblar fifidle branch exchahgd it csupledtd a6l FEEBask RBition subsystem,
desti nation phong, r to |nd| cate its desire to connect to a

particul ar destination phone. intelligent switching is involved, it is

t he cPBX t haindeci des the connect Qi nit via BTS

BSC, cPBX ori orwards the ﬁvﬁe%ﬁbﬁen%ﬂ\besgvﬁc gcemeengB F%’HBYW@&E%
In step 816 the Focaidchirtcplurglity (of mabile sation-units,| qmdpprweeemhdgsmgeagetchmg center
responsive to a representiugh fiteérosscomiectinode ckpstilé dfaidsOEonpltEREsatdfirktbeireriat dhhme]

the call is bein | .
nessage (ACM |s%stgn‘t9 %%om tﬁgWﬁ%%&vﬁeosl ggsggfdsafbn&t%}@ n%bgf)smm
entire destinati BiSn¥dber (the dial ed nunber) has been received and t hat
the call has_ been connected to its destination. The receipt of the
ACM nessage bY the MSC al fprivtymeisiy soypled to said pivatecmehilewsprvigbseswitchigs oentarhsaid
called party, i. grivatd fgistheqoringatibstribepinformatich peitdiginge.saili First iphapuli24F, mdbile station
MSC sends to theu@{%'unit, responsive to the recei pt of the ACM nessage
received in step 8, an alerting nessage to the MS unit to inform
the M5 unit that the party called is being alerted 3 5 and to turn on the

ringer at the calling M5 unit. In step 822 the MSC sends the
BSC an assi gnrrent reqyest ssage t o ass| he bear
e.g., the actual %voi CM&Z— g‘ﬁr‘?@““‘b‘ﬁ“‘* %ﬂF‘e‘r\"%@“&ﬁE}IP‘ﬁh

BSC to 20  and said second mobile station units, mcludmg said first bearer @402 channel and smd second

bearer data channel, for said calls between said first and said second mobile station units does
not get TRAUed if said first and said second mobile station units communicate at the same rate.

3. The cellular private branch exchange of claim 2 wherein a call path between said
25 first and said second mobile station units, including said first bearer data channel and said
second bearer data channel, for said calls between said first and said second mobile station units

gets TRAUed if said first and said second mobile station units communicate at different rates.

4. The cellular private branch exchange of claim 3 wherein said cellular private
30 branch exchange vnit further comprises an external network interface for coupling said cellular
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WO 96/ 353 '

PCT/ US%/H! Hi m,"!u m&ﬂﬂ t he assigned channel to build the call The
~assigned ¢ s the channel on which the calling M5 unit
may send and receive its bearer data. It should be noted that the steps
in step 822 may occur asynchronously with respect to the other steps of
'Fig. 16. |In one WO9%353hbodi ment, the MSC sends the assignment RCEHiHE6291o
the BSC right after the MSC sends to 5 the cPBX the IAM nmessage (step
814). After the alerting nessage is received the M5 u

ringer circuit apnmbre@hlexwgvsoamhcd@mqrhe@g Wﬁfﬂjcﬂ}ﬂhﬂweé’i‘ﬁ%‘éﬁfsf Fobile

call ed party pi clgtiohunitiafd a telephone 8ét fin said public neewdriesre TRAFlsd.Up, i n which case
the MM session is again cleared in the nmanner earlier di scussed.

In step 824, it is assunmed that the called party picks up the call and the
cPBX, in 10 particular the GVBC portion of the cPBX, sends an answer

message (AN to t t4 SRGeif 3 debshd gﬁ,{ﬁm,
has agsvv(eretl\j/ptHgscszglgfa b; [#gkl #éargnb@(:br&&h &%ﬂﬁ‘t&’ ? sen to
the BSC the cénn&obilestation iy yhigh ﬁ@é‘gb‘ﬁw FPé‘?Vé‘s% W@@FH’E‘I‘%’P’Q"@S'

ANM mes s agef said cellelpr fiivdte bantinexthangd for rmiicating withwaidqublidnetwark.ei ved
(incomng) path as well as the call (outgoing) path. In step 834 both
the calling and the called party are connected all the way 15 . through and
‘the call is nowin progress : Fig. 17 is a flowhart

illustrating, in one be/Sickidi £ 80 se@bnd ol .
Fig. 16 (when the HLR?\/LR regi str eﬁi dxaiﬁﬁ whtei nd plurality o

1e out goi ca ab|I|t|
the calling Mg mobile gagqmunity which aﬁﬁﬂ%‘ﬁhﬁeﬁ% reg&:&fs
agai nst the HOR/ W&dmyuhtpqmemle%cb@geforcommﬂﬁwmpf wﬁ@rstplmhty
calling M5 unit GRhob&&ationanits2l ! to the destination indicated by the 20
t el ephone nunber dialed. In step 854, the validation is perforned using the
| MSI, or sone derivative of the IMSI that uniquely identifies the
calling M5 unit, e.g., the aforenentioned TWVSl, and the tel ephone
nunber dialed. The | Mgl | dentif]
the HLR/ VLR regi stries-al oJE@’ ﬁ#&ﬁmﬁgw gg%a% t:weﬁgllé Tgﬁg tt%gt ‘é“gh%’ﬁ?d

nunber di al ed plurality of mobile station units are standard

15

8. The cellular private branch exchange of claim 7 wherein said public network is.a
wired PSTN network.

9. The cellular private branch exchange of claim 1 wherein said cellular private
20  branch exchange unit further comprises a private branch exchange block for handling call
control for said first plurality of mobile station units. '

10.  The cellular private branch exchange of claim 9 wherein said private branch
exchange block further contains circuits for performing private branch exchange functions.

- 25

1.  The celiular prfvate branch exchange of claim 10 wherein said private branch
exchange functions comprise call forwarding and call transfer among said first plurality of
mobile station units.
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I ndi cat e | [ of the call, which is then checked agai nst the
HLR/ VLR ﬂm ﬁt, jmaljgﬂm,ﬂeterm' ne whether or not the calling M5 unit can
c . ®

make the Ga In step 856, it is ascertained

whether the calling M5 unit has the capability to make the cal |
attenpted. If not, the call is rejected in step 858, representing step 808
of Fig. 17. Wo’mleafter the method proceeds to step 862poivessinside
steps of Fig. 17 end. On the ot her hand, if it is determned in step

856 that the calling M5 unit i.ndeed has the capability to nake the call 30
attenpted, the methodl4r oddesadlulapprivatebrash exghenge iof claie 1 Hiviirain Raid digst plurality of
sends to the MSCmmbile station unisprepreseytls@hdard GEM GRESage, T epresenting step 810

of Fig. 16. Fig. 18 is a flowhart illustrating, in one
enbodi ment, the steps taken by the various subsystens of the private
cPBX network in disconnecting a call. In step 900, a call is currently

in progress, e.g a |1 fbﬁ‘m&qﬁan@ﬁ E’P? %

The call is désconnec?:d v@%ﬁéﬂ‘eﬂl&%’ e.ca g pglgﬁmy g,hscgl sﬁgc?lgt?aﬁeg?té‘f?
902 or the ubgysfam. B‘Ffﬁissﬁgesﬁw tching segjer/co-loqaieondhe smscbagioplens
that the call nayf@fe!&calehaaslsconnect ed

31 WD 96/ 35301

PCT/ US96/ 06291 when an MS unit in the call path roanms out of range,
in which case the signaling session ends after a predet ermned tine

period. In step 902, jfie NRC.dRGEHiVR H 3k Liaidd base station
di sconnect nessa t hat t.he cal ar ung u or
has roanmed out og“%k stéut ‘L%‘ggnwm *o‘FWé’Fsﬁ tE"t% w&sﬁfeeqp i

‘recei ves fr ol t héispesed depatienstftony jone anether BEX first tﬁsqjswmnrsnuylstemmﬂapgmte mobﬁe—

SI gni fying that ididces aw@hgeittdarebdiiiipldnifiteld o' phyuibal Qhaskl@Baviils InfY Sk Pldhe.

range. In step 906 the MSC sends to the cPBX a rel ease nessage to
be forwarded to the called party responsive to the receipt of the
di sconnect message in either step 902 or step 904. The aI | ed party

may be in the private,PBYDRINRE ke @R bHSaRb of buink WA EPES: I8 sation

el ease subsystem and said private mobile-services sw1tchmg center are deployed at geographically
15 dispersed locations from one another, said first base station subsystem being implemented on a
first physical chassis having a first back plane having a first number of slots and comprising a
first TDM bus and a first control bus, said private mobile-services switching center being
implemented on second physical chassis having a second back plane comprising a second
TDM bus having the same features as said first TDM bus and a second control bus having the
20  same features as said first control bus, wherein said second back plane having a second number
of slots different from said first number of slots.

16. The cellular private branch exchange of claim 1 wherein said first base station

subsystem is a second cross-connect node capable of cross-connecting said first bearer data

25  channel with said second bearer data channel for calls between said first and said second mobile
station units.

17. The cellular private branch exchange of claim 1 further comprising a second base

station subsystem for communicating with a third mobile station unit of said first plurality of

30  mobile station units on a third celiular bearer data channel, said second base station subsystem

unit being coupled to said first base station subsystem by a direct link, wherein calls between

said third mobile station unit and said first mobile station unit are cross connected via said direct

link. '
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rwarded via the GUWSC. In step 908 the called party sends to
the I\/IS mﬂm H'M)”'I”H X a rel ease nessage signifying the rel ease
authorl In steps 910 and 912, rel ease conpletion is
acknow edged. I'n step 910 the cPBX receives fromthe MSC a rel ease
conpl ete nmessage_r 9‘qgonm ve to the rel ease nessage sent in step 908.
Simlarly, in st¥®%880lhe VSC receives fromthe cPBX the rel eaper/ossepéei e

nmessage responsive to the rel ease nessage sent in step 906. In step 914 all
resources that are 15 associated with the call being disconnected, e.g.,

TRAU, echo canceling, DSP, or the like, are rel eased.
In step 916 and 918 the MSC cl ears the MM session all the way to the
calling M5 unit. 18.| n At egllulp sprivatee WBEhs enehengeo networiBSora f8ﬂﬁ‘£ﬁng|

message to initi bmmuhiestion"gnda 4 At Mvrality of n®BAS isRfions T ,@@;
clears-the MM seg Ein?ﬂsn?én t he \%/ay to thetycal ling M5 uni#t&ﬁﬂln step 20 8d'
t he BSC sends bac e MSC an SCCP cl ear conpl ete nessage indicating
that the MV sessmnhsbeenc Fig. 19 is_a

f1 owchart shoti n STREIGES S“P%H%P’é‘ﬁ’éf‘f’m‘t}%mﬂmgﬁ mgpagament for said
unit -of the pnv%&@PMW?fﬂMMS as a receiving unit to receive a call
initiated either fromthe external network or from another MS unit

Igdt he private czfébgepmm«mgmyf sdupled b shid M&tﬁ&emdé@ﬁﬁiﬂﬂ%PB cf%ﬁtet For lstoming
address nessage bet Brfotdfo ﬁﬁﬁp or a

call that is termnating at arlluE t con?ﬂféﬁr&e{? one %&%f’hls VBC. If the
calling unit is another. VB un|t . ate, cPBX network, the

nmessage recejved in sf‘gﬁ A anch pie E‘It ﬂd%?ﬂ%&‘t"éﬁt ‘%‘IF geviqes s $W
nmessage sent 18y @n@swmwmgemammommspwtemmmhme flmuons for said first plurality

In step 954, the oFbicbiestdliong nap send i nformati on service request for the
incomng 3 0 call to the local HLR' VLR registry to |locate the M5 unit

represented by the tehﬁ&@ﬁ%ﬁd HAORE mobilk, services swithiing &Me{lg w:notffiitf)ﬂﬁnagement
enbodi nment , stepﬁg{% | nv‘?ﬁm? e?,f? the cur.rent tion o

the destination PEYJRF & WB’“’S‘?Y mgbi %tsﬂﬂrpﬁ“' bile SREees pvitching, center
roamed away frompexferms cross copmegtion efceallipaths onlyefpr calla@nmssmdmavlmﬂmtof mobile

Cor{eSp?nds 15 t Reatibi| 2123618 CelMbi Pivate tRgifRdh ¥-RHarigd né:herkmmbnsaséd&{a : &06F, mdbie
particul ar servi i B,

In 3 5 step QSEQH&W%‘& B%érélw&td :P%léégg& rpﬁogf ﬂItkgm]ﬂtlon
area of the dest |“ﬁ‘&$ﬁ§ﬂ“ﬁ?8°f5md°e “lEFrR“t"a‘Fng‘E chpnge netgorky °f?f° FEpmicatin regardless

message to the Mséhether saittpsemil pldmmﬁﬁnbhﬂep&gmstdnemﬂmnzed to demtnuniadte osingiSpublic

unit by either ity3wlditin th safi® Feogldphiclaft. thereof . In step 956, the map page
32

20

19.  The cellular private branch exchange network of claim 18, further comprising a
plurality of base station controllers coupled to said private mobile services switching center, said
private mobile services switching center provides roaming and handoff capabilities for said first
plurality of mobile stations when a first selected ones of said first plurality of mobile stations

25  roam among location areas controlled by said plurality of base station controllers.

20.  The cellular private branch exchange network of claim 19 further comprising a
" plurality of base transceiver stations coupled to a first one of said plurality of base station
controllers, a first one of said plurality of base transceiver stations couple ué_ing an air interface
30  with said first plurality of mobile stations, said first one of said plurality of plurality of base
station controllers handle roaming and handoff capabilities when a second selected ones of said
first plurality of mobile stations roam among location areas controlled by said plurality of base
transceiver stations.
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PCT/ USQG@%M"J!"“"QJ”mssage is sent to the MSC where the MS unit is
currentl term ned after consulting with the prlvate
HLR/ VLR registry).ln one enbodi ment, both map send i nformation

nmessage and map Qvoge nessages are represent ative of a type of nobile .
application part 530tessage. 5 In step 958, the PERIS96/06291
responsive to receiving the map page nessage in step 956, sends to
the proper BSC a pagi ng request nessage. The receiving BSC s nay be nore

t han one BSC if the HLR VLR i s uncertain regardi ng which BSC | ocation
area the destination M5 unit is$s | ocated. In one enbodi nent, all BSC s
control l ed by the cPBX-whethe celiplar peixate heanchoexchange network of claim 20 wbe:bx;a said first
| ocat es are pagedtanddnd i5 aiGSMatamlagie t he HLR/ VLR regi stry typically knows
which 10 cPBX of the private cPBX network the destination M5 unit is
currently | ocated but does not know t he exact BSC/ BTS which is in the
range of the destination MS unit. Responsive to the pagi ng request,

the BSC or BSS' s Pageps N fgaiilebhal ok lchu ek o ol 5 s S o

response fromthe d stlfg

pagi ng request 58 ‘?‘8%?"9“5%“1‘%3’8%!5‘1 ferendplurality, f P@Hﬂ%ﬂmﬂﬁ tare gtapganisGSM
destinati on M5 uhbandsethen sends a pagi ng response to the BSC (via a BTS),

whi ch response is t hen encapsulated in a SCCP connect request that
the BSC subsequently forwards to the private M5C. I n one enbodi nent,
if no paging response is received vm'thi n a predeterm' ned period, it

s assunmed t hat the d@_;stlrml qﬁ@ % BP
'prl vat e cPBXbélet s%;wl S ur ne f an ijg??%U| connec |on |
rejected cef ﬁw’éﬁhﬂ’ﬁ ‘:lz‘%‘é e, coptrqlises, andsaid

'SCCP connect nes baigdransceinern stations form ammabmrwptemorhmmlhd by sﬁd:@‘ﬁvammobm

‘confirnmed messageerviGesisdiciBSgeenter) t hi s manner, the steps in steps 960
and 962 build the nobility nmanagenment (MM sessi on by associating the
destination M5 unit with a particular SCCP identifier. In

step 964, the destination M5 unit that responded with a paging response

(step 960) is 24.  The cellular private branch exchange network of claim 20 wherein said first one
15  of said plurality of base station controllers includes a first transcoder rate adapter unit for
performing rate conversion between a first mobile station and a second mobile station of said
first plurality of mobile stations, said first and second mobile stations communicate at different
rates.

20 - 25.  The cellular private branch exchange network of claim 24 wherein said first
transcoder rate adapter unit does not perform rate conversion for calls between mobile stations
of said first plurality of mobile stations that communicate at the same rate.

26.  The cellular private branch exchange network of claim 25 wherein bearer data

25  channels from both said first mobile station and said second mobile stations are cross connected

at said first one of said plurality of base station controllers if both said first mobile station and

said second mobile station are controlled by said first one of said plurality of base station
controllers.

30 27.  The cellular private branch exchange network of claim 20 wherein said .ﬁrst one

of said plurality of base transceiver stations includes a first transcoder rate adapter unit for
48



MSC sends to the HLR/' VLR regi stry a pr ocess access
requesnmmmmnﬂm”l|mquest to validate the respondi ng destination M5
unit. | n*stept964, shexdestination-Ms unit for whi ch the paging
request was sent (step 958) is further checked to see whether it is -
aut hori zed or appropriate to establish bearer data conmmuni cation
channel to that V¥ tion M5 unit. In step 96BCT/PHEORSE
sends a setup nessage to the desti nati on MSunit to set .up acall. 30

The setup nessage contains the call cont format i

service requi redpe(é"&“gmm“versﬂﬁ %‘?‘f 95’]1 ﬁﬁl%?’ﬁﬁ?bﬂﬁs%%ﬂp‘%
party's phone nuﬁmmiurahmafmoblersaqonsr@ulﬁrsﬁan% mnd'lgcbm stations comjygicats |a dlﬁﬂ'ﬁnt
step 967, the MSgegends to the cPBX an address conpl ete nessage (ACM,
signifying to the network that enough of the address (e.g., the dialed
phone nunber) has been recei ved to enable the private cPBX network
to locate the destination M5 unit In step 968, the 3 5 MSC receives from

has " acknow eddgu ¢ A oot PivE SRR Sl sk brichfh 27 el Ul

at t enpt ed and t hizanseaderynte gdaptey unitdpes,not perform rate. conversion for calls between mobile stations

33 ~ of\Eldeét pimadily of mobile stations that communicate at the same rate.

. PCT/ US96/ 06291 In step 970, the MSC sends an ACM nessage to
‘the private cPBX It should be noted t hat al though step 970 is shown
‘after step 968 in Fig. 19 , step 970 in fact occurs asynchronously

‘With respect to the ps SXRITR

‘as early as i medi at Z:fge T%%OWI ng pé@g%g%h% &dﬁ{n% tep S@Bﬁ.&c&g{
974, the beab@r d?ﬂlBPl% heth s#‘é&ﬁﬂ“& siption,gnd,said secondmpbile;stay ?R&Wss connected
"MSC are assi gnedatshiﬂfﬁgteﬁe 6F42id pluretity\iGaseananiceivey stations RSO said st inobilecstagion] andy
t he destination s}%ﬁﬂ tFHNEE 3 AE&alitvOofasase dHdsceiver
bearer data chann serceﬁsﬁgﬁl?%ﬁee; ﬁzﬁﬁ Wsai@ﬁﬂ?éﬂeadrﬁﬁt %e BSC. The effect
is to nove the d&@¥9%ation MS unit from a signaling only channel
(which the M5 unit has been on thus far in Flg 19) to an assigned bearer
dat a channel -
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10 In step 974, the MSC receives fromthe BSC (which in turn

receives fromthe destination MS unit) an assignnment confirned
nmessage, acknow edgi ng the receipt and successful processing of the
assi gnnent request nessage sent by the MSC in step 972. In step 974,

the MSC is notified that a successful bearer channel resource assignnent,
whi ch enabl es WO096/3%@lr er data communi cati on, has been nade. PRIGRWO29bect
of the present invention, steps 972 15 and 974 involve intelligent
cross-connect that del egates the actual cross-connect between the
‘incom ng path and the outgoing path forétg yg%@ftmeen two M5 units of the

I

private cPBX network to a | ower he hi erarchy.

In step 978, the MSC receives fromthe destination M5 unit a connect

acknow edge nmessage, indicating that the destination M5 unit is

pi cked. up. Responsive to the received 20 connect acknow edge nessage in
step 978, the MSC sends to the cPBX a answer gessage (ANM in step
980 to indicate to the calling unit (which ma$ he in the external network
or - another MS unit in the private cPBX ngtjwork) that the destination
M5 unit has answered by picking up the calll. In step 982, the call is
NnOwW i n progress. Fig. 20A s showi ng fromthe
cPBX perspective, in one enbodi nent, the 25 steps taken when an MS unit
‘of the private cPBX network originates a ¢all. In step L0002, the cPBX
receives an initial address nessage (IAM {fromthe private MSC. In one
‘enbodi nment the | AM nessage typicallly i ncegudes the destination (1 SDN)

phone nunber di al ed. Furthernore, if the gSMinpl ¢mer@ation, al
digits of the destination phone nunber typicall ¥ arri've all at once.
In other inplementations, the digits may arrive one at & tine as the nunber
is 30 bei ng di al ed. In stteps 1004, the|destination
networ k, whether it is a PSTN, a PLM\, anqt her a multi-site
cPBX configuration, or internally within tthe ori gi nates the call

i s found. I n one enbodi ment, the destinatjon ngtwork is ascertai ned
by wal ki ng through a dialing tree one digit at \a tinme to ascertain
the outgoing path. In step 1006, the nmethod detef m nes\whether the 3 5
destination for the call is another M5 unit gn_t et e gcPBX network. |f
it is determned in steps 1004 and 1006 \ hat the deSTIng_lQé.Of t he
call is another M5 unit in the private cPBX - :
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PCT/ US96/ 06291 network, the nmethod proceeds to step 1008 wherein
the cPBX sends the private HLR/ VLR registry, a |locate request. By
sending the |ocate request to the HLR/' VLR regi stry, the cPBX t akes

t he di al ed phone nunber, which it receives in step 1002, and consults the
HLR/ VLR E@%@Wlf or the location of the destination NS REH/ES96/06281

‘In step 1010, the cPBX-receives fromthe HLR' VLR regi stry a | ocate response
nmessage whi ch pin points the logyipQ §f the destination MS unit..
After the location of the destination M5 unit is determned or if it
is determned 1006 that an MS unit is t{the destination for the ’
‘call, the nmethod next proceeds in one & ™our branches depending on the
call path. ' If the c "bﬁb&g tyrTsjanot her phone set in the
PSTN networ k, the nethod proceeds t|o s+=ep 1412 representing the PSTN
path (when the called party is a hands% ifn the Rublic Land- based
Mobil e Network, the cPBX acts as a |BSSE &hi s |case, the cPBX assigns the
appropriate interface for connunkgatlon igt{ht he |PSTN, - e. g., public network
interface 258 of Fi gs. igd 6, | ep 1014. Because the
destination phone set in path 10 islo ed outisi de the cellular
domain, it may be necessary to agsijgn satg converlsi on and echo cancel i ng
resources, 15 ie., TRAU and echqrcan ller, if |necessary in step 1020.

In step 1024, the nethod connects the cap¥—hrough to the interface

o

assigned in either step 1014048 As can be appreciated by
those of skill in the art, step 1024 may flurt her i ncl ude the
‘exchange of nessages, e.g., |AM ACM ANM|(see, e.g., Fig. 16), and the
act ual connection fromthe private [M5C to the appropriate interface
the GWSC. Thereafter, the call is 20 oI ogresls in step. 1026.
‘On the other hand, if the destingtipn3 callfis an M5 unit in the
~domai n of anot her cPBX of T p B4 networ k. The net hod
proceeds to step 1028, representing| a x to anot her cPBX of
the private cPBX network. In step 1030, PBX assigns the appropriate
interface for conmuni cation w th @npt&ef in the private cPBX network,
e.g., internal 25 network inter aceﬁé flFig.}|6. ’“ If the
destination of the call is an M5 unjt etdomgj n of the saﬁ;J cEBX from
whi ch Yt
© T Lo 80 5
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the call is originated, the nethod proceeds to step 1032, signifying that
the incomng call path | oops back into the same cPBX from which the
call is originated and that the actual cross- connection of bearer
data channel s should be nmade internally either by the MSC of this cPBX 3 0O
or by another functional step, e.g., BSC, BTS, further down the hierarchy
(if intelligent VQs5301 connect is involved). PCT/US96/96291 e p
1034, the cPBX assigns the appropriate interface for conmunicating with the
destination M5 unit in the sane cPBX thatso/izg'gnat es the call. In one
-enbodi nent, the | ocal interface assigned in step 1034 may be as .

sinple as the | ocation where the cross-connect 3 5 bet ween the out goi ng
path and the incom ng path.

35 WD 96/ 35301

PCT/ US96/ 06291 When the incom ng path and the outgoing path

are routed within the private network onIy e)_not necessary
for the cPBX to assign TRAU and echo cancel i ng Thizg is
because M5 units within the private cPBX netwo k t Mni C ?e at

t he sane rate, elimnating the need for perl g conversi on
via a TRAU. If the originating M5 5 unit and the tenm |ng|\/Bun|t
comuni cate at different rates, e.g., in Kbps versus 16 a TRAU
‘associated with the tr-unk--n%du-l-e-m-ts--rraymb'e-sthched Fn-as- needeq. For
further |nforman| on regarding the determnati on ¢f the optimal
Cross-connection poi nt based on avai |l abl e yesources, rdgferenae e 20ul d

be made to the above pentioned co-pendi ng patentp ent i tll edne et hods
-and Apparatuses. for am Intelligent Switch" (Attofney @BRet No %
.WAVEPOO4. P) and "Cel iul ar Base Stati on with Intelligent Call

Routllng"

(U.S. S N 08/ 434 598), which are incorporat ' ref er-ence for
ral | purposes. From ei ther steps 1030 or/ 1034\ the nethod
‘proceeds to step 1036:to begi n perform ng 210 X
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the cross-connect through to the appropriate interface to build the call.
In step 1036 , the cPBX forwards the | AM nessage (received in step
1002) as an IAM to the appropriate interface. An 15 | AM nessage i s sent
in step 1036 to indicate that the nessage in an on-net type nessage

which may differ fromthe standard | AM nessage typically sent off net. In
one enbodi.nent, WO%BSRhe | AM nessage includes information toFCEENIEH63H
.that different resource requirenents, e.g., no echo canceling, no

' TRAU, as well as the communication rate f gp M5 units. In sonme cases,
.sone of the above information nay be in@léd@ gn the ACM nessage as wel | .
20 In step 1038, the cPBX that sends out the | AM nessage in step
1036 receives an ACM (address conpl ete nessage) froma destination
MSC, which may be the MSC associated with the cPBX from which the
call originates or froman MSC associated with anot her cPBX in the
private cPBX network. In step 1040, the cPBX that receives the ACM

nessage in step 1038 sends an ACM nessage to the origination MSC (the MSC
associated 25 wth the cPBX subsystemin which domain the calling M5 unit

is located) responsive to receiving the ACM nessage jgg step 1038.
'From step 1040 of Fig. 20A, the nethod proceeds t tep 1042 of Fig.
1 20B. Figs. 20B is a continuation of Fig.»)20A. Referring now
to Fig. 20B, the nethod ascertains in step 1042, based on the

d to insert TRAU resources to

t.different rates to establish

ke encapsulated 1 n thej] ACM

fined in step 1042 tha t he
nd t hat  TRAU resources|are

1034 to assign thefappropriate
ri or art where

qls are autgma Eally %RAUed,

information received fromthe gigstinatiop MC in step 3 0 1038, whet her
Lcate-;

it i's necessary to adjust the bgndmjdth

permt M5 units that co
comuni cation. The information
nmessage in one enbodi ment. |f i
M5 units copmunicate at differ,
necessary, the met hod pr
resources. |t shoul d be notedut a
'i ncom ng and out goi ng corggy
e.g., up to 64 Kbps, before cor

i nvention advant ag ? ' ]
t her eby advant ageously |§§ ovi npHLRVLR
36

canpByg est gbr e present
U ng when it |s unnecegsary,

Fig. 4'



WO 96/ 35301

PCT/ US96/ 06291 communi cation quality and decreasing the

conmput ati onal overhead associated with rate conversion. In one
enbodi ment, the assignnment of the appropri ate resources involve swtching
in the TRAU resources at the trunk nodul e. From step 1044,

the method proc®QeRAsYistep 1045 where it checks whet her adj usPEHPIIEIT |
successfully conpleted. If adjustnment is not successfully conpleted (as
determned in step. 1045), the net %% \dﬁceeds to step 1047 to

di sconnect the call and then to step 10 2 the circuit enters
the idle state. On the other hand, if adjustnent is
successfully conpleted (as determ ned in step 1045) or if it is
determned in step 1032 that there is no need teh adj ust bandw dth, the

met hod- proceeds 10 to step 1046 where the actjufl cross-connection between
the incom ng and the outgoing path is pe ? d. As nentioned

previ ously, the actual connection may be made#at e MRC, the BSC, or
the BTS | evel in accordance with an intel LLgehce Sw hi ng schene. I.n

anot her enbodi nent , cross-connecti pn between M5 pnits in the domain
of the sanme cPBX is preferably pﬁ br mredcpBxt he MC | evel . 15

In step 1048, the cPBX received fromthe Hestination MSC an, ANM nessage.
The ANM nessage indicated that theldestinatiog-chll Rasiggnswered the
call. The step 1050, the CPBX f or waL@é—an_answeh e gage (ANM to the
ori ginati on MSC responsive to B#tei ving age in step

.1028. From step 1050, the net hogl-proces 374
.call is in progress. 20 . [ i Nustrating, /in
one enbodi nent, the steps tak b i nvent yon,
fromthe cPBX perspective, parer T

private cPBX network. From step 1100 de petween calls
that originate from the @B%r naj

interface and calls that ory PBX net woi k.

25 The | ef tzjgr-efeh g~ 21 starting at t hat
an initial address nessage AM is sent froma | pyblic
network and is received by the cPBX\ In step 1104, the cPBX"tonsul ts

with the HHR'VLR registry to locHte he destination M5 @8t in the ¢PBX
network. Step 1104 is necessaryn, or exanple, the nulti-site

configuration since the
390 ™ 392 394
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destination M5 unit may have roaned away fromits honme |ocation area. In
one enbodi nent, 30 the steps perfornmed in step 1104 of Fig. 21 are
anal ogous to the steps perfornmed in step 1006 - 1010 of Fig. 20A. If
.the destination M5 unit is not turned on, the signaling session ends after
‘a predeterm ned tine period. As is apparent, step 1004 may be
‘unnecessary i n W@PHP1al one configuration that does noPCPEB{06294n
M5 unit to roamfrom cPBX to cPBX. In step 1106, it is
ascertained whether the destination M5 ugig,/\¥§gse tel ephone nunber 3 5
is encapsulated in the | AM nessage received in step 1102, is local to the

cPBX that receives the 37
WD 96/ 35301
PCT/ US96/ 06291 | AM nessage in box 1102. If the destination M5 unit
has roaned away (as determned in steps 1104 and 1106), the nethod
proceeds to step 1108 (which is explored in greater detail in Fig.
22). On the other hand, if it is determned in steps 1104
and 1106 that the destination M5 5 unit is currently located in its hone
| ocation area, the method proceeds to step 1110 wherein the cPBX
assi gns TRAU and echo canceller as necessary. In step 1110, TRAU and echo
cancel i ng resources may be necessary because M5 units in a private
cPBX network typically communi cate at a different rate than phones
coupled to either the public network. I n subsequent steps of
the right hand path of Fi,g. 21, the ca472 is set up via an af®®i cation |10
programming interface (ARJ). In step,&ilZ, the cPBX forwarg/the | AM sage
recei ved in step E.gf%u ttre—V5C. Th step L1172 s—conp| et e
-message (ACM is receiveg! by the cPBX fromthe 0 yi ng tRat
the destination call has “¥agyei ved the conpl ete addrg step 1%,
t he bearer data channel is connected through from 3G to the
appropriate :
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dinterface (e.g., a public network interface in the GUWSC portion of the
cPBX). The connecting 15 t hrough between the appropriate interface and
the private MSC facilities full duplex comuni cation. In step 1118,
the cPBX forwards the ACM nessage which was received in step 1114 to
‘the external public network via the path connected in step 1116.

If the party at WOe6/35303ti nati on MS unit picks up the call, thePEBU6ME oN

MSC sends an answer nessage (ANM nessage to the cPBX to be forwarded
to the public network in step 20 1120. In step 1122, the cPBX forwards
the ANM nmessage whi ch was received i Qs ¢p21820 to t he external
public network to signify that the called party has picked up the call. In
step 1124, the call is nowin progress. On the ot her
hand, if the initial address nessage céﬁe fromw thin the cPBX network,

t he met hod proceeds fromstep 1110 to ®&1BG>| Imestep 1130, the cPBX where

t he destination 25 M5 unit is |ocaged Feckiw®s an |AM (initial address
message) froman cPBX on-net. The @& —f¢PB¢Which sends the | AM nessage

(and received by the cPBX i nprst+ep~4130) [my| be the M5C associ at ed
with the hone cPBX if the gestinatifon un has not roaned away fromits
hone | ocation area, fron1&an%§§rk ] hsspalated with another cPBX in the
private cPBX netﬁbrk XyeR tHe originptidn MS unit is located in a

| ocation area control |l gd by &nother] 30 cPBX),{ or from anot her cPBX that
forwards an externakacu . 3nario, t he destination M5

In step 1140,
nmessage in ordenntOna<
destination MS unit |S'Toca$\
|l ocal to the cPBX that rece
determned in step 111
signaling session ends. This T3
38 WO 96/ 35301
PCT/ US96/ 06291

éBry usi ng a | ocate request
catijpn area where the

natjon 3 5 M5 unit is not
ssage in step 1130 (as

proceeds to step 1152 where the
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the path starting at step 1130 assunes that the destination MS unit is

| ocal to the cPBX and if the destination M5 unit turns out not to be
local to the cPBX, the circuit avoids endl ess | ooping by sinply
Eining out. The above-described situation may occur when an MS unit has
|roaned away and the HLR/VLR registries of the private cPBX network
have not had the"@MA8¥to 5 wupdate. In one enbodi ment, updatcTsUssEps291
HLR/ VLR registries occur frequently énoug%tj@t if the user redials
the destination Ms.unit, it is highly pr 5hat an updat e has al ready
occurred permtting the call to be correctly forwarded to the
appropriate cPBX If it is determined in steps 1140 and 1150
that the destination M5 unit is local to the cPBX that receives the
| AM nessage in step 1130, the nethod proceeds to step 1154 wherein 10

the cPBX that receives the |AM nessage in step 1130 forwards an | AM

nessage to the dest%bﬁLinn MEC . 1n step 1106 _the destinati on MSC
sends an address conpl et e>nessage (AUWFTTTTTETEf%XF’
The ACM nessage sent by=the destinationfMSC acknow edges recei pt of the | AM

message sent in step 1 Tn step 11534 the cPBX {hat recgives t he ACM
0 € conmuni cation

message in step 15 11
‘channel s if necessary. Thle bandw need to be adjusted, for
ht es at 8 Kbps and t he

exanpl e, when the origin®ting M5
destination M5 unit conmmuni cates h one enbodi nent, the cPBX

itself switches in the appr ces (e.g., TRAU). In another
enbodi ment, the cPBX del egatfs switching in of the
.appropriate resources for bandw_di] j dgwn to 20 ot her
functional blocks gf the hierar¢h . d bC q; BTS. In step
1160 t he communi c@tj on bathﬁ&% ol Eugh to the appropriate
ulnterface (e.g.™ internal HBFM(rk |%Lquhte 426 of Fig. 6 or sinply
Wi thin the same private MsC i f botfrthe * priginating Ms unit and the
‘destination MS unit happen to be ih the domainjof the same cPBX). The
:connecting through fro@ MSC to the}appropriatelinterface in step 1160

‘facilities full duplexc25 co nrcati on. In step 1162, the
|msthod determ nes whet her thesb w(nr1res£u&ﬁﬁs to acconplish

‘bandwi dt h adj ust nent in. step i ﬂﬁe avar’l gb he resources are

determ ned to be avail able lhe band adj ust ment can be
‘acconpl i shed by the cPBX direct!ly“Qonmmunicatingd with the destination

M5 unit (which ngy_or By nQt be_the _QE_BX,Q_f_thg_desLL_natLQ_n M5 unit).

glf 30 it is determned in sty andw]dt h resources are not
‘available in this cPBX, the ‘ to step 1164 whef®t he
|destlnatlon cPBX (the CPBR t ha i gntrol s the (D
| B T I
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destination M5 unit) sends to the originating cPBX (the cPBX that sends the
| AM nessage in step 1130) an ACM nessage whi ch indicates, anong

ot her things, that bandw dth adjustnment =~ needs to made in the
originating cPBX since there is insufficient bandw dth adjustnment 3 5
resources available in the destination cPBX |f the destination cPBX has

i nsufficient reWPEIsl to adj ust bandwi dt h, bandwi dt h aBFT/Y89696391 may
be made, in one enbodi ment, in steps 104&- 1044 of Fig. 20B. It

shoul d be noted that the originating cPB $r1/3[§ps 1154 1156 may not

39 WD 96/ 35301

PCT/ US96/ 06291 necessarily represent the actual place where the cal
is originated, e.g., if the call originates from t he external network
and routed through the honme (now consi der eg—ortgtmat+nyg) cPBX to the

cPBX where the destination M5 unit currentlly | og@kes. [—~c On the
other hand, if it is determned in step 114 > i s58Uf i ci ent

bandwi dth 5 resources for bandw dth adj t——the destinati on cPBX,
the nethod proceeds to step 1166 wherein the destination cPBX sends
an ACM nessage to the originating cPBX which i ndi cates, anong ot her

things, that there is sufficient band +H—eaeust nent resources within the
destination cPBX, and there is conseqlienBSg nolneed for the originating
cPBX to adjust the bandwi dth. | ndi %, the ACM nessage
sent in either step 1164 or 1168 10 corrjesponds to the nessage received
in step 1038 of Fig. 20a. : te, the nethod proceeds
fromeither steps 1164 or 1166 to $tep 1168 whereiln t he destination
cPBX recei ves an answer nessage MSC. The ANM
nmessage i ndi cates, anong ot her . 58§ at the
destination MS unit has up the call. Th® origination cPBX

whi ch receives the ANM nessag 1168, then 15 sends an ANM

nmessage to the origination 170. Thereaft¥r,} the nethod
, Wherein the I5&§ i n progress.

proceeds to step 1124 as s



Fig. 22 represents a nore detailed flowhart of step 1108 of Fig. 21
representing the steps taken by the cPBX when a call fromthe
external network is received by the hone cPBX and forwarded to the
destination cPBX where the destination M5 unit has roaned to. At step 20
1202, echo canceling and TRAU resources are assigned if needed. As

menti oned earl i eWO ¥R cancel i ng and TRAU resources nny PEEUSR6N§
for calls comng in fromthe external nqtﬂoﬁgsws si nce phones on PSTN
typically communicate at a different rate't unit in the private
'cPBX net work. In step 1204, the originating cPBX, which in
this case represents the home cPBX where 25 the off-net call is first
sent, forwards the initial address nessage (1AM that is received in step
1102 of Fig. 21 to the destination cPBX where the destinatioply5 unit has
roanmed. to. Since the ngssage ps intlernal within the prgyate cPBX
network, the | AM nessage receijved?i nSst gp 1102 of Fighk=21l is
converted in an | AM nessage, v@gﬁh & dcussed earlier, My ncl ude
additional information such as e Q\Eer sion information, begore bei ng
sent, in step 1204, to 3 0 th& gesgﬁ ifon cPBX. In one enttodi nent, the
| AM nessage in step 1204 is rg ved P~ it ep 1130 of Ejkg. 21.

In step 1206, the destination gPBX ret®rhs] an addressed conpl gte nessage
(ACM) to the originatin signifying that the entgg,e address
‘has been received. In one enbo the ACM nessage received in

:step 1206 corresponds to the A(Q age_senj. in either step 35 1164 or
step 1166 of Fig. 21. In siep @248, the nepro ascertains whether the
bandwi dt h needs to ggdsag he bandw dth needs to be A
adj usted (due to different ratps ScB@mn| cati on),
40 WD 96/ 35301 Dgou‘:gg’
. PCT/ US96/ 06291 t he ng i %@@&s 10 step 1210 wherein the cPBX
,assi gns bandw dt B¢ adj ust nent rgé) QE as necessary. In step 1212,
‘the nmet hod det er ® nes whet hef @ B \Dﬁé is successfully :
£ TR o
E & & >
B2 & p 3 =
S °7] 1k
o3 o] (=]
g8 © |-8 I
oo ~=| 8528
< E = 28| ogy
=3 -~ 8
5 & = —P =5 3
£ £ = 0O
B EE sleBF 2
£ o & gl |loes8 £
5 | 2|I0%P B
O —
Q o4 alél - = "
el =] &8 o r
o© = [7:] ek E
1R Ty’
ko) -
2l 2] S Y oy
< vV >

nNat

SUBSTITUTE SHEET (RULE 26)



adjusted. If not, the nmethod proceeds to step 1214 where the call is
di sconnected, and to step 126 where the circuit enters its idle node.
The call is disconnected in step 1214 since both the 5 originating cPBX
(where the external call is first sent) and the destination (where the
destination M5 unit has roaned to) both failed to provide necessary
resources to perWoaBIAEt required rate conver si on. PCT/US96/062910ON
the other hand, if it is determned in 1=p/1252that the bandwidth is
§successfully adjusted or if no bandw dth adjustnent is necessary (as
determined in step 1208), the nethod 10 proceeds to step 1214 wherein the
bearer data channelgi s connectied to the appropriate i#erface of the
destinati on cPBX fr@m t he genépator of the AM nessadge th ent in
step 1204. In ep 1216, the destinatidn cPBg =
recei ves the ACM ! 6, sends alpzriPiRE
message (ACM) nespage 9 ZHe exgegEnal network via the g BB
in step 1214. 1 < 3 8 NSkepll218, if the cal Iz
up the*call on the destT =t} Gd unijt, the pri
the GVBC on the destin&ti®r] cPBX=an|ANM (@8§swer nesd
received in step 2183byt e=ariginaffing cPeX. In step
originating cPBX > for s an afswer nessage (ANM®to
network where thefcal@ ori ingtes( i ch * may be p tel
t he public network PSEN). step 1232, th gall I's | PE
Al t hough the forepoi Hy i nventdon has fbeen ri bed i nf g6
pur poses of cl ar@t® bf upd®rstlanding, it will b bBapp T
certain changes a Lic | be practiged 3
of the appended cl ai ns way #f } exanpl e, al t hough thE ;
jdiscussed herein with [)Ff rence] pfinmarily to a GSM sys gn

g.

(9"}

(Ql

‘noted that the epent ihvention is not so lim
.speC|f|caIIy contenpl atpdjthat fhe cellular private 2

.di scl osed herein may bej i ypl enept UST 11g of Ber .3
_protocols Further, altho ' ' usepoCo
'betvveentwolVBunlts o | lustrate the inverltive c
‘be noted that conf erﬂa e c3l |l s may be nmade anong
|unlts e.g. anong 3,5‘_,3r re units. . T piqtio
‘appar atuses and net lods] t achieve that_end is I§ w Iﬁnn e _apllities ¢f
-one skilled in the art. ufg, it wil] be jepparent t
‘those of ordi naryoskllls t{dns 3 X and
substitutions maygbe maE 1 t *e SC O pyber \W- spirit
of the present I hverjt . cope ! eM.nvent i opls
cdis not limted t € SEECITIC exanp grven} hgrei n bt ¢sset =] [=
forth in the appgnde cg:'g%ggsmgb o >IN
8 338535 = . <} 3 £ls
: g .905000600 |2 2 7] g Sis
%OEEEEEEEE a 4 - @ = o
SELBOFO0O0OO00 [|= g ey O X
s2ud fdaanda [2 2 £ 3]
E 22 IEnlEx% I & g
R = =NE8 IFEQldEq| |8 >
a O ® o0 o K K 7] -t &
o o a.0.00
t ¢
o O
g€
=3
o £

‘— —k*
16

WaL



41 WD 96/ 35301

PCT/ US96/ 06291 APPENDI X A
GLOSSARY OF TERMS AND ABBREVI ATl ONS Abi-s: Prot ocol stack
between a BTS and a BSC 5 ACM Addr ess Conpl ete Message ANM
Answer Message BCF: Base Station Control Function BSC.
,Base station CoiWo24/35am BSS: Base Station Subsyst 2GT/US6/06I8TS:
'Base Transceiver Station CC: 12 daRi5Control Managenent
| CCPU. Cel lular CPU cPBX: cellular Private Branch
'Exchange DSP: Digital Signal Processing 15 GVBC:
Gateway for MSC GSM A obal - Systens for Mbile Conmuni cation
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20 | WF: | nner Wor ki ng Functi ons LAPD- M Li nk Access

Prot ocol on the Dm (control) channel VM Mobi ity Managenent
VB! Mobil e Stations VsC Mobi | e- Servi ces Swit ching
.Center 25 PSTN: Publ i c Switched Tel ephone Network PBX:
‘Private branch exchange RF: nodul e Radi o Frequency nodul e
/RL: Ra W@ %4/353 RR: Radi 0 Resource ManaBEHEM6/08291

| SCCP: Si gnal i ng Connection Control Part SVE: Shor t
.I\/Essage Ser vi ces SS: sudpBefedt®l Services TDM dat a:
Time Division Miultiplexed Data TRAU: Transcoder - Rat e Adapt er
‘Unit 35 TRX Transceiver .-, 5 VLR Vi sitor Location

Regi stry VME: n._i Stk agdard bus for interconnecting
conponent s WPBX: fﬁ?‘ r mﬁ_z
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The present disclosureNi @aé’b of understanding by those of
skill in the art. For the foll owi ng docunents, incorporated
herei n by reference for

G ) % beN 5 revi ewed for addi ti onal
Fm- .
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‘cel lular private branch exchange for faci F"[ét?r% cel lul ar comuni cation
ifor a first plurality of nobile station units, conprising: 5

‘a first base station subsystem for comrunicating with a first and a second

.mobi | e station unit of said first plurality of nobile station units
on respectively a first and a second cﬂnl u #0er data channel ;
‘and a cellular private nch exch e unit coupled to said
first base station subsystem ' '
IMSCtoBSC >7°2
LocationUpdate
Request
Insc to MSC :;704
SCCP Connect
Request

MsCtoBSCSCCP |- 706
Connect Confirm

MSC to HLR 708
Process Access
t

HLR/VLR Processes | 710
Received Access Req

MSC Receives from

P < 72 Fig. 13B

Updating MS
Unit Authorized?

716 T o
Confirmed From
MSCto BSC
720 SCCP Clear From |~ 730

SCCP Clear From MSC to BSC
MSC to BSC
Clear Complete
from BSC to | 734
Clear Complet MsC
ear Complete
724 From BSC to MSC 126
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conprising: 10 a private nobil e-services switching
center for providing nobility managenent for said first plurality of
nobil e station units, said private nobile-services switching center
representing a first cross-connect node capabl e of cross-connecting said
first bearer data channel wi th said second bearer data channel for
call's between sWA¥IPYt and said second nobile station BETAUS96/06293
|15 a private regi stry1 %)L)p?esl to said private

Imobi | e- servi ces switching center, said rYvate registry storing
subscriber information pertaining to said first plurality of nobile station
units. 2. The7g¢el | ul ar private branch exchange of claim1
wherein a call path between idfirst 20 and said second nobile station
units, including said first b€arer data channel and said second

bearer-data channel, for said cal saj ®%irst and said second
nobi |l e station units does not sg@t T dif said first and said
second nobile station units co ; e sane rate.

3. The cellular private branch exchange of claim2 wherein a call path
'bet ween said 25 first and sgrg ond-nohi | gsstation units, including
said first bearer data channel *&:ﬁ?ﬁ§§£ﬁ?*,r' second bearer data channel,
for said call's between said fi/stommstysai d §econd nobile station units
gets TRAUed if said first and said segond nobile station units comrunicate
at different rates. L. The cel lular private branch

exchange of claim 3 wherein saifgcerrurar prjvajf 3 0 branch exchange

unit further conprises an ext er|rialidaeUpdaing MSi plerface for coupling said
cel lul ar Unit _ 44

756

Updating MS Unit Yes Update all - 758
Authorized on Net? HLR's/VLR's if
necessary

Send Location Update ’,‘nm
Confirm to MSC from
HLR/VLR
762

Fig. 14
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PCT/ US96/ 06291 private branch exchange to a public network and cal
‘paths for calls between said first nobile station unit and a tel ephone
set in said public network are TRAUed. 5. The cel I ul ar

private branch exchange of claim4 wherein a second plurality of 5
mobi |l e station (WP ich are not registered with said regi sPEY/USH%06291

barred fromusing resources of said cellular private branch exchange
'for communicating with said public netmqry./é%s 6. The
icellular private branch exchange of claim4 wherein a second plurality of

:mobi |l e station units which are not registered with said registry are barred
‘from usi ng resources 10 of said cellular private branch exchange for

comuni cating with any one of said first plurality . of nobile station
units. - 7. The cellular private branch exchange of claim
6 wherein said first and second plurality of nobile station units
are standard GSM units. 15 8 The cell%gzM' private

branch’exchange of claim7 wherein said ppybd ic et wor ; wired
.PSTN net wor k. 9 TheNegl | ul'ar pri

: : ‘ ate branch exchange
iof claim1l wherein said cellular private 20 prfanch exchange unit further
conprises a private branch exchange bl ock for hgdpdling cal

772

Yes

Updating MS Unit Already Known to Be
in Location Area Controlied by ¢cPBX Unit
that Receives the Access Request?

Update HLR/VLR of
CPBX Unit that
Receives the Access
Request

776

Broadcast New Record 778
to Al HLR'S/VLR'sin ~
muiti-site Network

P

74
Done

Fig. 15



control for said first plurality of nobile station units.

10.
lbranch
iprivate branch exchange functi ons.

The cel | ul ar

25

11.

private branch exchange of claim9 wherein said private
exchange bl ock further contains circuits for performng

The cel | ul ar

private branch exchange of claim 10 wherein said private branch
iexchange functi ONQY i se call forwardih8 An@ Ball transfer PEFAFIGNSRY

first plurality of
145 WD 96/ 35301

'PCT/ US96/ 06291 ' 12.

‘of claim 1l wherein said first plural
represent standard GSM units.

nmobi l e station units.

The cellular private branch exchange

It

800 nobile station units

Y,
(;iﬁi?"13. The cel lular private
branch exchange of claim | wherein said T base station 5  subsystem

and said private nobile-services swt
‘back pl ane of a physical chassi

nalcenter

b Setup message
from MS to MSC

HLR/VLR Check
Outgoing Capabilities
of Calling MS Unit -

804

ing MS Unit
Autherized to make

No

qﬂnlocate on the sane

the call?

HLR/VLR to MSC
Map Complete Call

| 810

Map Complete Call
Received by MSC
from HLR/VLR

1AM to cPBX
from MSC

814

Call Procesding | _ 816
fromMSCtoMs
Unit
- 818
Alerting from MSC |~ 820
to MS Unit
Assignment Request |_. 822
from MSC to BSC
ANM Received from L~ 824
¢BPX to MSC
Connect Ack from
MSC to BSC 826

C:::::::::) . 834
Call in Progress

s
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14. The cellular private branch exchange of claim 1l wherein said first base
station subsystem and said private nobile-services switching center
-are depl oyed at geographically 10 di spersed | ocations from one anot her,
isaid first base station subsystem and private nobil e- services

iSwW tching center are both inplenented on physical chassis having identical
'back pl ane. WO 96/35301 15. The cel lul ar private branchPERUE$&R1 of
‘claim 1l wherein said first base station bsystem and said private
‘nmobi | e-services swi_tching center are dep‘é@éhzgg geographically 15

di spersed | ocations fromone another, said first base station subsystem
being i nplenented on a first physical chassis having a first back

pl ane having a first nunber of slots and conprising a first TDM bus
and a first control bus, said private nobile-services switching center

bei ng . i npl ement ed on second phys+ta xesis P ng a second back

pl ane conprising a second TDM - sane features as said
first TDM bus and a second control bus fravymg e 20 sane features as
said first control bus, wherein said second back plane having a second
nunmber of slots different frd | T’r§§1 hu r of slots.

16. The cellular private branch excha mﬂi mpA Wierein said first base
.station subsystemis a second_crosS-conpnect node capabl e of

cross-connecting said first bearer data 2 channel with said second
bearer data channel for calls betwe | ndgsyai d second nobil e

station units. 17. Hﬂﬁg%?* I vate branch exchange of
. . and Number Called .
claiml further conprising a second fpase station subsystem for

comunicating with a third nobile station Tnit of said first plurality of
30 nobi l e station units on a third cellullar beajgr data channel, said

second base station subsystem unj Nag-coupled to said first base
station subsystem by a direct said third

‘inobil e station unit and said e cross connected
via said direct i nk. ,
46 _ 860
. 858 HLR/VLR to MSC
Call Reject ~ Map Complete Call
862

Fig. 17
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.exchange network

18.

for facilitating cellular

A cellular

private branch
comuni cati on anong a

first plurality of nobile stations inplementing a first standard,

conpri sing:
provi di ng nobi | i WP 9%858henent for said
stations;
services switching center for storing

regarding said first plurality of nobile stations;

5 a private nobile services switching center for
first plurality ofPOTIspe/es291
a private regi stib ?ggled to said private nobile

riber infornmation

a private

branch exchange unit coupled to said private nobile services sw tching

center 10

functions for said first plurality

and said private registry for providing private branch exchange

1 ONs;

:;;::::::f;:e SO0 |
wherei n said private nobile servi ces{sviilétRrempsscelt er prOV|des mobility
managenent ~only for said first p ; nobi |l e stations, said

.private nobile services switching center

performs cross connection of

call paths only for caIIs anong-sara 11rst prarartty or fobile 15

'stations, and said cel |<xg-ar—pryeate—ira exchang v pbits a
'second plurality of npbi NgFromCallingM$ ditr 5nS i npl eng rst standard
‘and not registered wth<2PYSHREME |r egi stry fron sre2ur ces
of said cellular private brancgh exchange network f nrcation

regardl ess whet her sai d—seeer4d b stations are

netwﬁgk in the sane

aut hori zed to communi cate using a publ,

geographic area. 20 Release from
Release from |- 908
CPBX to MSC

Release Compiete
from MSC to CBPX

_ 910

Release Co

mplets
from CBPX to MSC < 9212

Release all Resources

914

SCCP Clear from
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_ 916

SCCP Clear
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19. The cellular private branch exchange network of claim18, further
plurality of base station controllers coupled to said

conprising a

private nobile services switching center, said

private nobile

services switching center provides roam ng and handoff capabilities for
plurality of nobile stations when a first selected ones -

said first

of said first plW@a#¥Bs8L of nobile statians

roam anong | o®ETAO896/08293as

5
controlled by said plurality of base steﬂﬂo% 2&trollers.
20. The cellul ar private branch exchange network of claim 19 further
plurality of base transceiver stations coupled to a

conprising a

first one of said pluralit

of said plurality of base

i nterface 30

first plurality of nobile §t

y Q tatian controllers, a first one
anscginver S Bns couple using an air
wWith said fi riy of nobile stations, said first

one of-said plurality of pluralit

y of base station controllers

handl e roam ng and handof f L%ﬁdm

said pturality of base

47

rTTes en a second sel ected ones of said
Croafn ampng | ocation areas control |l ed by
cei 825t i ons.
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; . .-} Ma n
‘network of claim?20 mherelnﬁﬁéxﬁg

‘5 22. The cel | Ul #6c R HLRALER
wherein both said first |
MapPagefrom<
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e 956
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_~968

970
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A Jheggyel | ul ar private branch exchange.
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ranch exchange network of claim 21
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plurality of nobile stations and said second plurality of nobile stations
are standard GSM handset s. 23. The cel | ul ar
.private branch exchange network of claim 20 wherein said private 10
‘mobi | e services switching center, said plurality of base station

.controllers, and said plurality of base transceiver stations forma
‘hi erarchi cal priW2&S53dt work control |l ed by sai d private nobi| ePCT/USI6/06291
services switching center. . The cellular private

‘branch exchange network of claim 20 \/\/rﬂaae/nZsﬁu d first one 15 of said
plurality of base station controllers includes a first transcoder rate

adapter unit for performng rate conversion between a first nobile
station and a second nobile station of said first plurality of nobile
stations, said first and second nobi i ons @gnunlcate at different
rates. . 20 25. Thq:EEtf;i:zi;;rVA§ branch exchange network
of claim24 wherein said first der rate adapter unit does not
performrate conversion for calls betwe n nobi |l e stations of -said
first plurality of nobile statio iQ@&E at the same rate,

26. The cel lular private branch of claim25 wherein
‘bearer data-25 channel s from nobil e station and said

'second nobile stations are cross ¢ at sai dnng Zo'aof sai d
plurality of base station control |fa%m Debtinltivhh| sfigd fir st Be i on and
'said second nobile station are controNétworkby Faid first one of said
plurality of base station ONtrorfers. 30 27. The
cellular private branch exchange net ys#R el _cl Ai00620 wherein said first one
‘of said plurality of base transcegiver station nclwges a first transcoder
rate adapter unit for Is Destination an MS? 48

1008
Locate Request
from CPBX to >
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.;l___ww\ I [ 10281 e
PSTN WPBX CPBOﬂmX | Local
1030
Assign Assign Assign V. local [

Outgoing Qutgoing Outgoing

PSTN IF VFFBX I/F CPBX

¥ ~

1014 | I | Nois
Assign TRAU | 1020 IAM' >’ 1036
and Echo -~
Canceller if
nec
—l ACM by CPBX
| 1024 | from destination 1038
. Connect Throngh [~ MSC
to I/F

ACMto | -1040
- 1026 origination MSC

Q from CPBX
Call in Progress e
To Fig. 20B

SUBSTITUTE SHEET (RULE 28)




WD 96/ 35301

PCT/ US96/ 06291 performng rate conversion between a first nobile
station and a second nobile station of said - first plurality of nobile
stations, said first and second nobile stations communicate at different
rates. 5 28. The cellular private branch exchange network_
of claim 27 wherOA/EANY first transcoder rate adapter uRCE/US¥WH62940t
performrate conversion for calls bet V\e?ml"i stations of said
first plurality of nobile stations that i‘tate at the sane rate.

29. The cellular private branch exchange network of claim 28 wherein
bearer data 10 channels fromboth said first nobile station and said
second nobil e stations are cross connected at said first one of said
plurality of base transceiver stations if both said first nobile station
-and . said second nobile station are controlled by said first one of
said plurality of base transceiver stations. :

L4

}

_Call - 1047
Connect | 1046 Disconnect
Circuit
ANM' by CPBX ( He ) 1049
from destination 1048
MSC

origination MSC

Call in Progress

: Fig. 20B

Send AMN to MSC
< from CPBX to _|-— 1050
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