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Mobi | e Conmuni cati ons Background of the Invention 1. Field of the
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communi cations. 2. Discussion of Related Art All nodem nobil e comruni cation
systens have a hierarchical arrangenent, in which a geographical "coverage
area" is partitioned into a nunber of smdlder geographical areas called
"cells."” Referring to figure 1, each cell is preferably served by a Base
Transcei ver Station 10 ("BTS") 102a. Several BTS 102b-n are aggregated via
fixed Iinks 10%gstem and Method of Group Cabing dnMobilesSommumseations BTSs
and BSC are sonetines collectively referred to as the Base Station
Subsyst eBackB8ind bffihe Beeeical BSCs 106b-n nmay be aggregated into a Mbile
Swtching Center ("MSC') 110 via fixed |links 108a-n. MsSC 110 acts as a
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network ("PSTN') 120 through trunk groups. Under U.S. nobile networks,
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MSC correspondi ng to the exchange associated wth a bile Station ("M");
thi s assatad Jrerew erdkeglingpohilecopmamicalionber, e. g., area code, of the M.
(The hone MSC is responsible for the HLR di scussed bel ow.) The Serving MSC,
on the 2@ ot hey } change used to connect the M5 call to the
PSTN (asgt he 2 Jﬁ@g} Ofﬁeltagﬁlﬂ(n the area covered by the service provider,
different MSCs performthe function of the Serving MSC). Consequently,
sonet i nes t he AibmeddBEnebild comenBération gyskdnis lsave aticrachival arinigéiientpintwhioh her

times they are not (e.g., when the M5.is roamng). Typically, Visiting
Locati on gﬁé&_jﬁ&*}l@aﬁ CQVOpER e I%P?Eﬂwsill&t@é_twwpﬁsrpﬂier wﬁ@éaﬁﬁﬁa%aﬂeﬂ
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subsdfi b€fBT3) dORmtSeverahBd'S J02%-nlaesagvigatd/ 08 G561 iICTIOYSD2Int@8B4se Station
Controller (“BSC”) 106a. The BTSs and BSC are sometimes collectively referred to as the Base
Station Subsystem (“BS”) 107. Several BSCs 106b-n may be aggregated into a Mobile
Switching Center (“MSC”) 110 via fixed links 108a-n.

MSC 110 acts as a local switching exchange (with additional features to handle mobility
15  management requirements, discussed below) and communicates with the phone network
(“PSTN”) 120 through trunk groups. Under U.S. mobile networks, there is a concept of a home
MSC and a Serving MSC. The home MSC is the MSC corresponding to the exchange associated
with a Mobile Station (“MS”); this association is based on the phone number, e.g., area code, of
the MS. (The home MSC is responsible for the HLR discussed below.) The Serving MSC, on the
20  other hand, is the exchange used to connect the MS call to the PSTN (as the subscriber roams in
the area covered by the service provider, different MSCs perform the function of the Serving
MSC). Consequently, sometimes the home MSC and the Serving MSC are the same entity, but
other times they are not (e.g., when the MS is roaming). Typically, a Visiting Location Register
(*VLR™) 116 is co-located with the MSC 110 and a logically singular HLR is used in the mobile
25 network. As will be explained below, the HLR and VLR are used for storing many types of

subscriber information and profiles.



Briefly, one or nore radio channels 112 are associated wth the entire
coverage area. The radio channels are partitioned into groups of channels
al | ocat edwbDo2iosadbvi dual cells. The channels are used to eamrusoyizgsal i ng
information to establish call connections and the like, and to carry voice
or data information once a call connection is established. 5 At a
relatively high |level of abstraction, nobile network signaling involves at
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The M5 1d#hsemedssiiaing aabas MSOHLRY) Bl Fa! 189 ThidQessHdasds EafdRadsasfehed tde
MSC 110 via the BS 107. The MSC 110 checks with an associ ated VLR 116 (nore

bel ow) t & the MihilerAnphisatiqn Rasp(“WBAR Despecially whandsed in the goetexicaf Signalinge. The
Ser vi ngl\rg/%g%ﬁ 9 “gsh]a call to the |I|ocal exchange of the dialed user on

t he PST I oca exchange alerts the called user termnal, and an
answer back si gnal is routed back to the M5 114 through the serving MSC 110
whi ch then colj® eirgms fdrenssfeamhlipatds vedl dshike ddta mﬂl@cﬁcé temsehiogtiond aconpl et ed
the 1(‘5al | trz?x%%ijttecp gn%crgge%edvl\g aggérggr%%%thp%ogssgt% ards. 4For example, the Electronics
Industries Association (“EIA”) and Telecommunications Industry Association (“TIA”) help
define many U.S. standards, such as IS-41, which is a MAP standard. Analogously, the CCITT
and ITU help define international standards, such as GSM-MAP, which is an international MAP
standard. Information about these standards is well known and may be found from the relevant
20  organizing bodies as well as in the literature, see, e.g., Bosse, SIGNALING IN

TELECOMMUNICATIONS NETWORKS (Wiley 1998).

To deliver a call from an MS 114, a user dials the number and presses “send” on a cell
phone or other MS. The MS 114 sends the dialed number indicating the service requested to the
MSC 110 via the BS 107. The MSC 110 checks with an associated VLR 116 (more below) to
25  determine if the MS 114 is allowed the requested service. The Serving MSC routes the call to the
local exchange of the dialed user on the PSTN 120. The local exchange alerts the called user
terminal, and an answer back signal is routed back to the MS 114 through the serving MSC 110
which then completes the speech path to the MS. Once the setup is completed the call may-

proceed.



-3 To deliver a call to a M5 114, (assumng that the call originates from
the PSTN 120) the PSTN user dials the M5 s associ ated phone nunber. At

| east accwodengpsbp U. S. standards, the PSTN 120 routes treTamo/11884 t he
M5's hone MSC (which may or may not be the one serving the WMsS). The MsC
then interrogates the HLR 118 to determ ne which MSC is currently serving
the 5 M5. This also acts to informthe serving MSC that a call is
forthcom ng. The home MSC then routes the call to the Serving MSC. The
serving MSC pages the M5 via the appropriate BS. The M responds and the
appropriate signaling links_are setup._During a_call, the BS 107 _and N% 114
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anong other things. The VLR stores simlar information in addition to

storing an MSGujidentil iik@B5q07 bidMd fenhhf bespet416 1d ERABI ciRkels bPBIGLi1b2,QR,

under appropriate MAP protocols, location update procédures (or
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usedfq(/ame ey IRIVEJHGHE OFP SYRES G5 KROYHL PACSRBE SR 4% r when a M8 is powered

on and registers itself to access the network. For exanple a | ocation

updat e procedghe asgayt dAMa@advolvést idbilety Manhgdmea M BRgflR diffe@hi BSs abeISEs
request to the VLR 116 via the BS 107 and M5C 110. The VLR 116 sends_a
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'MS status, and the MS service profile, among other things. The VLR stores similar information
in addition to storing an MSC identification that identifies the (Home) MSC. In addition, under
appropriate MAP protocols, location update procedures (or registration notifications) are
20  performed so that the home MSC of a mobile subscriber knows the location of its users. These
procedures are used when a MS roams from one location to another or when a MS is powered on
and registers itself to access the network. For example a location update procedure may proceed
with the MS 114 sending a location update request to the VLR 116 via the BS 107 and MSC 110.
The VLR 116 sends a location update message to the HLR 118 serving the MS 114, and the
25  subscriber profile is downloaded from the HLR 118 to the VLR 116. The MS 114 is sent an
acknowledgement of a successful location update. The HLR 118 requests the VLR (if any) that
previously held profile data to delete the data related to the relocated MS 114.

Figure 2 shows in more detail the signaling and user traffic interfaces between a BS 107

and an MSC 110 in a CDMA mobile network. The BS 107 communicates signaling information



WO 02/ 089501 PCT/ US02/12884 -4 using the Al interface. The A2 interface
carries the user traffic (e.g., voice signals) between the swtch
conponentwd04/08450t he MSC and the BS 107. The A5 interfacePCI/UsSBRSBD
provide a path for user traffic for circuit-switched data calls (as
opposed to voice calls) between the source BS and the MSC. 5 Moreover,
subscri bers are demandi ng newer services, e.g., "data calls" to the
Internet. For sone of these services are not cost effective because
they were primarily designed for voice calls. Integration of new services
into the MSC.is, co i cated ar. infeasible because.of the. proprietar nd
ol osed e LRIy iRy AdeleBaf s Ty S Pafic ek voiseEls) Bhfiotn AR
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MSC 110. Oten, 'a switch 10 adjunct is used to provide such services. For
exanpl e, faamsénitasiic fawckicwitrs witolad data ¢alls (B"opppseddn vomgjcatiotbetvecen dhe wusceddY a
call to %249 l?\&f net. Either approach - integrating functionality into the
MSC or a trl?ﬁ Tunk-side adjunct -- involves the MSC in the delivery of
service. Since the new service is expected to spur demand, integrating new
serviges Vi a Mokedles isghsceiban desdemandidd reugh sdrivicek esd. d@laadjalsToshd Bitdrhke! v
to exacerbate network congestion at the M5C and require 15 costly MSC
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the transm.ssipn0of _j.dent] . A . |

dosti nat 1RGO HiephioF RLbE Rt BLEREBE RS P RGAtr 1A hiiPbEequse of he
comuni caidpeibiafyedrRll Gode@ deignd el iy M€ sofranenirddiconraf That is, thaskfewaret 0
all destinations, and unicast conmunication refers to the transm ssion of
dat a paclesicnacessarydp pgpade thg sgivides istat 628Y)to pdd fp e MPEilA8n Oftep, WAl i cast
recejyes k. I ' i . t her R B

it 1o PR 0 VAR LtbichY, B iR b BB Fubchoh (WD igan
parti cul adjunatltd tov@sa datdealhad the dateinee Bither dppieachetinegrating fisnitibbadily mto thee
participants of the nulticast. In thi , . | t|cast_conmunj.cation
uses onl YMSGher #dimes Kukorige AdHRE -( d0Y Ye\g% Mgﬂi’é‘ tg%eelf‘fe%%ﬁer‘ﬁ%et peg/theog
needed f ol L 1SS i i

ot ent i al St e e o SRR Heglnol R Ries PEIASE el Hits o

mul ti casthroughumnktdide fhsictsBidslydo exmgast natwokodomgesimnsititfe MSCtahé retpureest
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recei e F?ﬁﬂ@m TOYEENt to this group.

With respect to the Internet, multicast communication refers to the transmission of
identical data packets to selected, multiple destinations on an Internet Protocol network. (In
contrast, broadcast communication refers to the indiscriminate transmission of data packets to all
destinations, and unicast communication refers to the transmission of data packets to a single

20  destination.)

Bach participant in a multicast receives information transmitted by any other participant
in the multicast. Users connected to the network who are not participants in a particular multicast
do not receive the information transmitted by the participants of the multicast. In this way, the
multicast communication uses only the network components (e.g., switches and trunks) actually

25  needed for the multicast transmission.

In multicast processing, when a potential participant ("host") is directed to join a
particular IP multicast group, the host sends a "request to join" message to the nearest multicast-
capable router to request to join the multicast group and receive information sent to this group.

For example, a host A sends a message to join multicast group Y, and a host B sends a message



For exanple, a host A sends a nmessage to join nulticast group Y, and a host
B sends a nessage WO 02/089501 PCT/ US02/12884 -5 to join nmulticast group
X. A routwp oRogasopagat es the request up to the nulticast ®omrse2ifsss he data
path is not already in place. Upon receiving an | P packet for group X, for
exanple, the router R maps an IP nulticast group address into an Ethernet
mul ticast address, and sends the resultapt Ethernet packet to the 5
appropriate switch or switches. According™to the current Internet G oup
Managenment Protocol ("I GW") a host's nmnenbership in a nulticast group

expires when the. router does not, receiyve eriqdi nmber shi re t ,from
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version,“a *one 10 one conversation Is a ween

subsar i bggsoptatgswitdh @nehilBhesl5 Wien A wi shes to have special connection
comuni cation with B, A enters B's private identification nunber, holds
down a push tq talk ("PTT") button, waits for an audible alert _signifying
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Y one to one conversation is allowed between two mobile telephone subscribers, e.g., A and B.

15  When A wishes to have special connection communication with B, A enters B's private
identification number, holds down a push to talk (“PTT”) button, waits for an audible alert
signifying that B is ready to receive, and starts speaking. To listen, A releases the PTT button.
If B wishes to speak, B holds down the PTT button and waits for an audible confirmation that A
is ready to receive. The service allows a subscriber to choose private identification numbers

20  from scrollable lists displayed on mobile telephone handsets or to search a list of pre-stored

names of subscribers.

In the second version, conversations are allowed among members of a pre-defined group
of subscribers, known as a Talkgroup, which is identified by a number. The mobile telephone
handset allows Talkgroup numbers to be searched through the control surface of the handset. In

25  order to place a group call, the initiating subscriber, e.g., A, locates a Talkgroup number in the
handset, holds down the PTT button, and, upon receiving an audible confirmation such as a
chirp, can start speaking. All of the other Talkgroup members on the group call can only listen
while A is holding down the PTT button. If A releases the PTT button, another member on the



while Ais holding down the PTT button. If A releases the PTT button,

anot her nenber on the WO 02/ 089501 PCT/ US02/ 12884 -6 group call may hold
down t he WOD2M084500Nn, acquire control signal ed by the audi pCa/usoniisssati on
and start speaking. Summary The invention generally provides systens and
met hods of nobil e comuni cation and 5 specifically provides a system and
nmet hod for group calling. Information is retrieved froma list of nenbers
of a group call group. Based on the rett$eved information, a group call is
est abli shed between first and second nobile stations (M5). The first MSis

served by a fi.rst stati contraol |.er SC). and. .t he se d iS..
served ool sl G PARE e dTTERPh vt - Gt beare by B AR s e,
nul ti casfndseabégeakinBased bn a history of group calls between two points in
a 10 nobil e comuni cations network, a determ nation is nade as to whet her
to estatgli,ﬁ);mgy mul ticast session between the two points, e.g., in
anticipation of a future group call. By initiating a single call, a nenber
of a group c C . r I e bl j n . ersg of
the"aroup. whor IRV EH R el Sy inf AP RelSE LR fbip GRS
menber s %)Béi’ﬁc 1o@ideo a 8y eeniand dhetodrfengroap ealting enfeithdbiyn Gd fefrisved froBSesstand
per haps 15 different access nethods (e.g., T or CDMA). The inter-BSC
voi ce t reffiperabegpahy stawp calleryer aped on Ge seipicved information agipyn el ip gstalished

al t er naty ' i a r t K.

Bri of " DeietPo St M RO Bilons (618) 28 e MS B RRRA B R RO ar WAL
di agr am @htptleBSi)tandwis deeomENBAS kaved bypalkeord BISIUSTdiad @sia forfihéd @ioupichll is
interface between a BS and a nohile switching center_in a prior_ art nobile

net wor k; ramspited 19 3 mpltigast sessiong Bgsedgn higiorupd gpup callshebrsenivp ety oup

cal I ogl, Gt d 4= 5 i r : 1 I S
o oo bbbt RlefbibliBit MG SNoAMESES BbIRERAITER 2
proxy swetsitn betoeed thegwogomty eef,én natitipaivnadiarteture goup bal.i nventi on; figures
7, 9, 16-17 illustrate architectures of a group comunicati on system

By initiating a single call, a member of a group can cause a group call to be established
among all members of the group who can be contacted. Group calls can be established among
members that may be located in different areas served by different BSCs and perhaps by

15  different access methods (e.g., TDMA or CDMA). The inter-BSC voice traffic among the
members in a group call may be carried by an alternative communication network such as an

Internet Protocol network.
Brief Description of the Drawing
In the Drawing,

20 figure 1 is a system diagram of prior art mobile networks;

figure 2 illustrates a prior art interface between a BS and a mobile switching center in a

prior art mobile network;
figure 3 illustrates a block diagram of a system including group call logic;
figures 4-5 illustrate a proxy switch and certain deployments in a mobile network;

25 figure 6 illustrates an exemplary data plane of a proxy switch according to a preferred

embodiment of the invention;

figures 7, 9, 16-17 illustrate architectures of a group communication system;



WO 02/ 089501 PCT/ US02/ 12884 -7 figures 8A-8C, 11-15 are call flow di agrans
of uses of a group comrunication system and figure 10 illustrates a flow
di agram ovogrosgsocal | | ogic. Detailed Description 5 WthPCaftsSopmsesto
figure 3, a systemand nethod is provided for arranging calls anong

menbers of a predefined group of nobile tel ephone users. As described in
nore detail below, a proxy switch or other device inplenenting group call

| ogi ¢ 1010 detects a group call initiatrdn by a member 1012A of a group
1014 and automatically attenpts to connect all of the menbers 1012A,
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speak at a tine), the voice traffic for the group is carried over an
I nternet Protocol ("IP') network in a nulticast session. Wth respect to

t he case inwm@%lﬁglbl?ﬁusglrapeg%f?&,[,hglé%%;r:gfb%rguégﬁl%g}gnt ed by a proxy swtch,

the proxy s nmay operate as n copending U. S. Application
Seri al N@ %9/52132%, 15 entitled System and Met hod of Servicing Mbile
Conmuni cREBREDGAREG Pr oxy Switch, filed November 22, 2000, which is

i ncorporated herein by reference. As described in the copending

appl ixati on angthirkfersict 26 Gidule, hisgitét afld neMddGH pREidedIdr SPRIA ANS aMblg
perfornmed between at | east  one nobile switching center (" l\/éc 1030 and at
| east on@epheis of o predshined beopptoé mobrlpgigphopansers. The desgiibethingoraldeildelow, a

7036, suchog ks o B AR ko ool N PN Gh ChlobR s it

the MSC bps nichdeBR)120c6fls gﬁﬁlﬁ 104 afEAutbBati@Ily akiptstih ordeeeall dMBe Sidibeli Ng.
The pr ox¥ swi tch descri bed the copendi ng apﬁlaqi catlon includes signaling
nmessage 1MaddlPHP.118d2¢€ of thxsgronp et siove call. glea spesifivaswlegentatioam t he MSC and

BS iy ac . W I [ I p it ki
ogi 10 2048RARER b AnercllB it B B4Rl ELAY OEE menlfEE B0 Sptaf o 0D, A0
sends anthagkitewatfitgfve dic grosp &garial @rr MbhtahetFBotobal ("I astsorl ineomalticast
signal i ng nessage. The nessage interception |ogic also prevents the

si gnal i n¥SS'essages from being forwarded to the other of the BS and MsC
respectively. Message conversion |ogic 1042 cooperates with the signaling

message handl i@ tbQR:LroaRé &MY Shich tRe group call logic is implemented by a proxy switch,

the proxy switch may operate as described in copending U.S. Application Serial No. 09/721329,

15  entitled System and Method of Servicing Mobile Communications with a Proxy Switch, filed
November 22, 2000, which is incorporated herein by reference. As described in the copending
application and illustrated in figure 4, switching 1034 operations are performed between at least
one mobile switching center (“MSC”) 1030 and at least one base station subsystem (“BS”’) 1032.
The switching allows communication traffic to be siphoned to or from an alternative network

20 1036 such as an IP network. The switching is transparent so that neither the MSC nor the BS

needs any changes to work with the inventive switching.

The proxy switch described the copending application includes signaling message
handling logic 1038 to receive signaling messages from the MSC and BS in accordance with a
mobile signaling protocol. Message interception logic 1040 cooperates with the signaling
25  message handling logic and sends an acknowledgment message to an MSC or BS that
transmitted a signaling message. The message interception logic also prevents the signaling
messages from being forwarded to the other of the BS and MSC respectively. Message
conversion logic 1042 cooperates with the signaling message handling logic and converts a

signaling message from one of the MSC and BS into a converted signaling message for



signaling nessage fromone of the MSC and BS into a converted signaling
nmessage for WO 02/089501 PCT/ US02/12884 -8 transm ssion to the other of

t he BS amdONB@s9snespecti vel y. Message transmi ssion | ogi ¢ POAAISODmSRLr at es
with the signaling message handling logic and transmts signaling nessages
fromone of the M5C and the BS to the other of the BS and MSC
respectively. A set of bearer circuits 1046 fromthe BS are allocated to
the proxy switch. Signaling 5 nessages bet ween the MSC and the BS are
received and are analyzed to determ ne whether they correspond to the

al l ocated set. of bearer. cifrguids. control Jdnformation in.the
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107 and the MSC 110. Only a subset of trunks 306 carrying user traffic

needs to be t i 0 i X nk ey directly
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enno t etween an
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proxy switch 300 includes software that accepts all signaling nessages and,

dependi ng on the nessage and fhe state of the system rforps, at | east one
of the foll ow&hﬂr@%rgg 56 sor&agrgf@gefl FePloSmERERS AMATY BYideh 100 {1 EbRBERORE,
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for some intercepted nessages, converts the intercepted nessages to a
di f f er encarrymng sisgydrafincinesds tisbe teemimatedenmt thel proxy switeh;i athgltanyks 808 miag directly

original, interc me t he or addressed in the .
nt or copEatrerbleiet s BT B8N Al el e M B opel S asmgy switeh
PSTN- bas gdongh¥pfotys@itahindiddes Babhtysl plaRIIWRIdd 8 Watk Adne04l RIsORhYRH ks a The
types of actions perfornmed in each case along with the triggering events
are descrbe¢sser plane”). The control plane 302 handles all the signaling traffic, and the data plane 304

15 handles all the user traffic for the trunks connected to the proxy switch.

Under certain embodiments, there is a one to one correspondence between an MSC and a

proxy switch. Several BSs may work with a single proxy switch.

The proxy switch 300 includes software that accepts all signaling messages and,

depending on the message and the state of the system, performs at least one of the following:

20 1. passes the message unaltered to the MSC or BS.addressed in the message;
2. intercepts messages between the MSC and BS;

3. for some intercepted messages, converts the intercepted messages to a different
message and sends the converted message in place of the original, intercepted
message to the MSC or BS addressed in the intercepted message;

25 4. siphons the message from the mobile- and PSTN-based network to an alternative
network such as an IP network.

The types of actions performed in each case along with the triggering events are described

below.



bel ow. WO 02/089501 PCT/ US02/12884 -9 In many instances, particularly when
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control Information (e.g., fromthe signallng messages) and voice or data
f r om t heartethe eystamnstatd, the woxy swikch 186 ssagh issignarentsianalogousdy tocthe sitayv e

network. In a.s ific inplenentation of the group communi cati on system
i nt rbodu Ccéalvalgbq}‘éf ﬂgd as&gq{g 01rcu1trg. 9 P y

Figure 6 shows an exemplary deployment in which the proxy switch 300 is connected to

several alternative networks, such as an IP backbone 412 or an alternative circuit-based network
414, e.g., a different carrier. These alternative networks may be used to carry voice and/or data
traffic to desired destinations while avoiding in whole or in part the PSTN 120 along with the

20  costly resources of MSC 110. Alternatively, these arrangements may be used so that circuit
traffic could be backhauled to a different network; for example, circuit traffic from Nashua, NH
could be backhauled to an MSC in Waltham MA. Or, they may be used to connect to other
networks. For example, the IP backbone 412 may communicate with IP voice networks 418 or
the Internet 416. As explained in the copending application, when siphoning traffic to an

25  alternative network both control information (e.g., from the signaling messages) and voice or

data from the bearer circuits on links 306 may be sent via an alternative network.

In a specific implementation of the group communication system introduced above,
mobile communications users ("users”) belonging to a closed user group ("group” or "CUG”) are

provided with an ability to contact each other quickly and easily and thereby start conversing



nobi | e conmuni cations users ("users") belonging to a closed user group
("group” or "CUG') are provided with an ability to contact each ot her

qui ckly awo oemsishy and t hereby start conversi ng WO 02/ 089PCT/URCY118802/ 12884
-10 with each other. Each group includes two or nore users ("nenbers”), and
a user may belong to multiple CUGs. Conversations may occur between two
menbers of a group ("private node") or between all available nenbers of a
CUG ("public node"). The group comuni caflion system uses conventi onal
nobi | e conmuni cations equi pment such as cellular tel ephones and nobile 5
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third generation technol ogies. For exanple, anong the group nenbers joined
on any one group call, one or nore users nmay be roam ng in a GSM networKk
si mul t aneous| Ip adpehificimplesrenizsion, the ercslprcommrgcamn aympbnmtslgmmml} ol

i nf or mat erta| ni bl.e.for. one or
nor e useﬂp§lcs1 (Pﬁoxa?'ssvﬁ?cg‘ﬁ %gwﬁg}’ ?’isgﬁ’sﬁgh’f’?e’eﬂ dﬁg&% bt GAEPOYRIO 5 up
cal | is infer@ip @fRipcall Ghifibidorsabypabsd thé MS@SVarﬁQhQPB?BN‘ & inplemhen tRdgranp! calls

nodi fied by the group call user, using standard nunberlng schenmes such as

MN, | NMSH, an@ltleaﬂsem@@s perierming ¥eichioveiclPuF Yok D walémpa@r@@m Pesprvesk
the oUn & 1@3@ e ggc%r apii ca?)focta&‘ sbI mﬁggwgé e ' 43 Ieggféfg%%c?&kil’bzggg%s

shows™ f olr group c Y8R Wi ver

connect eghel & Iﬂm%foexr\e@élem&h&mgﬁﬁsuclﬁ@mmﬁ ?IIDMRqﬁndmﬁng)w peas GSM)f he
f ol | owi né descri Etl on, it is assuned that the wirel ess devices have both
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1068 068B, or C. At |east one call switch i rovi ded for
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si gnal ' NBe 'g?&ff)r dmtik Wpro@é@@ QPRI mBYbE BfndnSically created and modified by the
group call user, using standard numbering schemes such as MIN, IMS], and ESN.

The general architecture for an example embodiment of the group communication system

is shown by example in figure 7. Figure 7 shows four users in a group call using wireless

20  devices 1060A-1060D connected to different BTS systems 1062A—1062D. For the purposes of
the following description, it is assumed that the wireless devices have both audio and textual
display capabilities. The BTSs are connected to Base Station Controllers ("BSCs") 1064A-
1064D, which are connected to proxy switches implementing group call logic ("group call
switches") 1066A-1066C. Each group call switch is connected to an MSC such as MSC 1068A,

25  1068B, or 1068C. At least one group call switch is provided for every MSC in a group call
service enabled network. With respect to signaling information, each group call switch is
logically located between a corresponding BSC and a corresponding MSC. The group call
switch receives signaling and data from the MSC and in the reverse direction from the wireless
devices via the BTS and the BSC. Each group call switch operates such that neither the BSC nor

30 the MSC is made aware of the group call switch that lies between the BSC and the MSC. The



logically | ocated between a corresponding BSC and a correspondi ng MSC. The
group call switch receives signaling and data fromthe MSC and in the
reverse dwpaewswsnl fromthe wireless devices via the BTS aad/usam1BS$C. Each
group call switch operates such that neither the BSC nor 30 the MSC i s nade
aware of the group call switch that |ies between the BSC and the MSC. The
WO 02/ 089501 PCT/ US02/ 12884 -11 signaling and control information fromthe
MSC and the BSC is intercepted by the g‘rUu*p call switch and is seanlessly
passed on to the concerned el enents as necessary w thout any discernible
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transparent to the network; traffic and contro ows séam essly fromthe
described below.

15 In one particular embodiment, the data plane of the group call switch receives TDM
traffic from the BSC or the MSC or both and uses a TDM cross connect ("DACS") (figure 5) to
interface the incoming traffic to an outgoing destination. In other embodiments, the data plane
may also receive incoming IP traffic from the Base Station complex (also known as the Radio
Access Network, or "RAN"), and switch the incoming IP traffic t6 outgoing IP traffic.

20  Programmatic control in the control plane determines cross connections between incoming TDM
traffic and outgoing destinations, particularly the traditional MSC and/or destinations on an IP

network.

In the case of the MSC serving as the outgoing destination from the DACS, the group
call switch is essentially transparent to the network; traffic and control flows seamlessly from the
25  BSC to the MSC and from the MSC to the BSC. When the outgoing destination is instead on an
IP network, a Media Gateway (described in the copendingA application) in the data plane diverts
selected parts of the incoming TDM traffic away from the MSC and converts incoming TDM
traffic to RTP/UD/IP traffic and inserts the RTP/UD/IP traffic into the backbone IP network.



25 BSC to the MSC and fromthe MSC to the BSC. Wen the outgoing
destination is instead on an I P network, a Media Gateway (described in the
copendi ngwapplgasat i on) in the data plane diverts sel ectedCparsoy1as84 t he
incomng TDMtraffic away fromthe MSC and converts incomng TDM traffic
to RTPPUD/ IP traffic and inserts the RTP/UDIP traffic into the backbone IP
networ k. WD 02/ 089501 PCT/ US02/ 12884 - The CUG Active Directory ("CUG
AD') 1074, also known as the Group Call "RéEgistry ("GCR'), is a database
system containing the CUG data. In a specific inplenentation, CUG AD in

figure 15 is ted. as diStk | t abase syst for abi.lity.
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nmobi | e user s.Eath€ UG adidentdizdlto et dystenelvea saidubidentiberd Dujsdiytéd froirsa €H6m t he

nobil e tel ephone.to. the BTS fromt BTS to.the BSC angd then onto. th

VEC.  whirrieSE it s etk A gu ertn it iR g e vght diiribtied

i npl emenfaat b he UG IAPARIERAg MBENBS the phARI0ANBUBhGA Is m&MIab GilablStd Acat ed
bet ween 't he BSC and t he C, which renders all |ocation updates visible to

the gr dbpguapical wvitces. Penasgsoep obswitthenesdbhiooeirigeeltheglefingiogofas- @) the
seryiLce, the oup,call switc i nt.ercept,s | ocatian
> ooty Coreat el SRt byt b od BHERAER Uk SRR DRECHS KBS RIGRA0E

| ocation of the group call users, HLR also stores a listing of all the
CUGs to The Enhanced HLR 1076 is an enhanced version of the standard HLR database

("standard HLR") used in cellular telephony. A standard HLR fields location updates from
roaming mobile vusers. The traditional path traversed by these updates is from the mobile
telephone to the BTS, from the BTS to the BSC and then onto the MSC, which sends an update
20  message to the HLR. In a specific implementation of the group ca;ll network, the group call
switch is located between the BSC and the MSC, which renders all location updates visible to the
group call switch. For users who have subscribed to the group call service, the group call switch
intercepts location update messages and replicates them to the HLR'. In addition to thereby
storing the cellular location of the group call users, HLR’ also stores a listing of all the CUGs to
25  which each group call user belongs. A query to HLR' specifies a MIN identifying a group call
user and produces a response that includes is a list of the CUGs in which the group call user is a

member.

In a specific implementation, HLR' is a distributed database in which the distribution of
. _the data is based on the MIN hierarchy. Alternatively, HLR' could also be based on International



25 which each group call user belongs. A query to HLR specifies a MN
identifying a group call user and produces a response that includes is a
list of twe ogl®soi n which the group call user is a nenberCTIUso1IpLeci fic

i npl ementation, HLR is a distributed database in which the distribution of
the data is based on the MN hierarchy. Alternatively, HLR could al so be
based on International W 02/ 089501 PCT/US02/12884 -13 Mbile Subscri ber
ID ("IMSI") or Equiprment Serial Number '(1' N'). An index simlar to the
partitioning index described above for the CUG nanespace all ows a group
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time (i.e., the conversation is done), the call is term nated. A group
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area I €.q:10N eographi r contrql | a si.n oxy
awi (1%, g tofs P RUPBIL Sy B R BB Sebba B P hSo Mo fndled of
CUG havi ggeakim@lcenitol, Busde oanderbup éullbmidly PreSBY standard number key on the telephone, may
press a special key if provided by the telephone manufacturer, or may send a text message to the
current speaker requesting to speak next, if the telephones have text messaging capability. If at
some point during the call speaking control remains unassigned for a predetermined period of

20  time (i.e., the conversation is done), the call is terminated.

A group call.can be arranged when all members of a CUG are in the same switching area,
i.e., in a geographical area controlled by a single MSC or proxy switch, or are in different
switching areas. For example, in the case of a CUG having users A, B, C and D, A and B may
currently be roaming in switching area S1, C in switching area S2, and D in switching area S3.
25 Ifthe S1, S2, S3, and S4 switching areas are either all operated by the same service provider or
are administered by operators who have agreed to cooperate with each other to offer group call
service, a group call can be established that connects A, B, C and D. If so, the individuals may
be widely dispersed with respect to physical location, e.g., A and B may be in Boston, C may be

in Texas, and D may be in California.



currently be roamng in switching area S1, Cin switching area S2, and D in
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ot her nefEEEH$SmMAY Be taken based on the exception list. For example, during or after the call, a
voicemail message may be sent to the members listed in the exception list; for instance, the
voicemail message may be recorded once by the call initiator and may be delivered by the group
communication system to voicemail boxes at previously specified voicemail telephone numbers

20  for the members on the exception list. Instead or in addition, the CUG members joined to a

particular group call may be listed on the available display screens of the telephones of all the
joined members during the call, to make each joined member aware of which other members are
on the call. A visual indication may be provided on the available display screens to identify the

member who currently has speaking control.

25 A private call may be established by a user of the group communication system with
another user of the group communication system, so that the users can discuss confidential or
personal information outside of a group call. Thus, two participants in an ongoing group call

may temporarily engage in a private call and then return to the ongoing group call.



on the call. A visual indication may be provided on the avail abl e di spl ay
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15 telephone use is restricted, and hearing impaired users, and may incorporate language

translations (e.g., from English to French).

A user of the group communication system may be contacted using the user’s mobile
telephone number or a special group communication system identification number (" group user
ID") that the service provider may assign during group service sign-up based on contact
20  information that is stored in the user’s telephone phone directory. Group user IDs may be self set
up (“self-provisioned”) instead or in addition using a Web-based provisioning system as

described below.

As noted above, the group communication system provides three modes of operation:
Closed User Group ("CUG") mode, Private mode, and Public User Group ("PUG") mode.

25  Except in the case of user controlled calls as described below, the user presses a number key (or
special telephone key if provided) to talk, and waits to hear a tone indicating that the user has
been granted speaking control. When the user is finished talking, the user may press a key, which
causes the other joined users to hear a tone indicating that speaking control is available. Another

joined user may then press a key, hear a tone, and begin talking. The initiator starts with
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dialing directory of the user's telephone.) A nenber of t who i s not
abl e to grovidet he call when first notified can join the call later, if the
call is 20 still active, by entering the call initiation sequence and
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the user’s community (i.e., CUG mode), the user keys in (“enters™) a call initiation sequence,
e.g., *4 followed by the CUG ID, and presses the send key. (The call initiation sequence may
also be stored in and dialed from the speed dialing diréctory of the user’s telephone.) A member
of the CUG who is not able to join the call when first notified can join the call later, if the call is

20  still active, by entering the call initiation sequence and pressing the send key.

In CUG mode, the call initiator has the option of requesting a user controlled call, which
is a call having a "barge-in" capability. According to the barge-in capability, a listening user may
send an alert message to the speaking user by pressing a service configurable DTMF sequence of
keys, to indicate to the speaking user that the listening user would like to assume speaking

25  control. At that point, the speaking user may press a key to relinquish speaking control, or may
continue to talk. Accordingly, the barge-in capability provides the speaking user with an audible
notification of a listening user's desire to speak, and, in the case of a telephone having a text
display, may also provide a text message displaying the name of the listening user who sent the

barge-in message. Thus, the speaking user is not forced to guess that a listening user would like
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reports should be presented. The switch uses the preferred language indicator when playing pre-

stored announcements. Additional resources such as human or automated translator may be

provided by the service provider.

20 Group call IDs and the associated list of members may be set up using a Web based
provisioning application from a personal computer, or from a WAP enabled device. The user
may also set up a list from the user’s mobile telephone. The service provider specifies the limit to
the number of members on a list, the network or networks to which the members belong, and the

number of lists that a group call user may maintain.

25 In private mode, the group call user may quickly invoke a call to any member of the
user’s group that is connected to a group call enabled network by entering the group call
initiation sequence, e.g., *4 followed by the group call ID of the intended recipient member, and
pressing send. The intended recipient member is notified of a call from the user and, in a specific

embodiment, the user hears a chirp when the intended recipient member has answered the call.
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15  operates in the IP network using IP multicast. As described above, IP multicast allows a source
to send a single copy of a stream of VoIP packets which is received by multiple recipients who
have explicitly registered to receive the stream. Multicast is a receiver-based concept such that
receivers join a particular multicast session group and the stream is delivered to all members of
that group by the network infrastructure. Only one copy of a multicast stream is passed over any

20  link in the IP network, and copies are made only at IP multicast enabled media gateways as

necessary.

In the wireless network, the service has some characteristics of any conventional wireless
call. As described above, the group call initiator invokes a group call by sending a DTMF feature
escape sequence followed by the ID of the group call list of users the initiator wants to contact

25  (e.g., "*4" followed by the user group ID). The feature escape sequence is used by the proxy
switch to detect that the call is a group call and queries the Global Call Registry ("GCR" or
“CUG AD”) to retrieve the list of mobile telephones to contact and their current locations. The
current location information determines which Media Gateways and BSCs are to be involved in

the group call. Bearer channels are established between each such BSC and the corresponding



20 link in the I P network, and copies are nmade only at IP nulticast enabled
medi a gateways as necessary. In the wireless netwrk, the service has sone
char act erwetmm89sof any conventional wireless call. As de®cmiusedimBove, the
group call initiator invokes a group call by sending a DTMF feature escape
sequence followed by the ID of the group call list of users the initiator
wants to contact 25 (e.g., "*4" followed, by the user group I1D). The feature
escape sequence is used by the proxy sWith to detect that the call is a
group call and queries the G obal Call Regi stry ("GCR'" or "CUG AD") to
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15  detects that MS-A has requested a group call (step 3010) and so informs WCS-2 (the group call
coordinator) (step 3020). WCS-2 refers to the GCR to determine the other members of MS-A’s
CUG and their last known locations (step 3030). (In this simple example, MS-B represents the
only other member.) WCS-2 creates a Media Gateway connection to WCS-1 (the group call
switch for MS-A) (step 3040). WCS-1 acquires a wireless channel for MS-A (step 3050). WCS-

20  2tells WCS-1 (the group call switch for MS-B) to page MS-B (stép 3060). WCS-1 pages MS-B
(step 3070) and then informs WCS-2 that MS-B was found (step 3080). WCS-2 creates a Media
Gateway connection to WCS-1 (the group call switch for MS-B) (step 3090). WCS-1 acquires a
wireless channel for MS-B (step 4000) and informs WCS-2 that the acquisition has been
accomplished (step 4010). WCS-2 tells WCS-1 to indicate to MS-A that MS-B has been reached

25  (step 4020) and then causes a tone to played to MS-A through the Media Gateways (step 4030).

Further call flow examples are explained below in connection with figures 12-15.

As described above, in group calls, only one joined user is permitted to speak at a time; a
joined user having speaking control can relinquish such control sending a predefined DTMF

digit (e.g., "1"), and another joined user may then request speaking control by sending a DTMF



switch for M5-A) (step 3040). WCS-1 acquires a wireless channel for Ms-A
(step 3050). WCS 20 2 tells WCS-1 (the group call swtch for M5-B) to page
M5- B (st ew03068)501 WCS- 1 pages M5-B (step 3070) and then ipeffarsoy128€6- 2 t hat
M5-B was found (step 3080). WCS-2 creates a Media Gateway connection to
WCS-1 (the group call switch for M5-B) (step 3090). WCS-1 acquires a

w rel ess channel for M5-B (step 4000) and infornms WCS-2 that the

acqui sition has been acconplished (step 4010). WCS-2 tells WCS-1 to
indicate to M5-A that I\/S—B has been reached 25 (step 4020) and then causes
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at a time; a joined user having speaking control can relinquish such

control sendi ng a predefined DTMF dig "1 "), and another joined
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depi citedtrmmschptjuni,emalbarglermcaﬁpzn)mtyhe group call, a group call user may el ect
to enable or disable one or nore of the foll ovm' ng features descri bed

above: attendance exception reporting, attendance reportin cal ]
transcriptiond ﬁﬁ&Vﬁ%P%@d e WP SBY tfl%ys aY%laPWéow%uffa%@&sgag lsfutﬁegﬁ@% Bshat

i s avail ghl @;@tl@p,t I 1
connect S&{QOW eﬁgel?%%dg\égﬁt&tﬁe 1 n ért% gﬁéﬁg t%giﬁaﬁgé llegltéme }.ll%&c}gt \éﬁl&g I%ﬁ%
group cedll liis.sEie. selinesysttm syppeysbatintse PP pootdool mwméamdmdamdumy as wel |
as stand&_ﬁ{i i ndustry browsers. 10 Call logs are collected for all

partici p2t"$®®n a group call, for accounting and network engineering

pur poses. Figure 12 |IIustrat es an exanpl e, now descri bed, of an

appl jgcati on otafiNEeair@ UMl for aﬁpﬁaeh@@anté\ﬁw%ﬂiupganqoi k&oﬁm%a nefkla is a
CUG having four users A, B, C, and D. Users B are currently served
by gr oupergii¢eriggipueppsGl, C is served by group call switch G2, and D 15 is
served by group call switch G3. The users have been assigned unique MNs by
t he group cal i r i

referred to ath?e Eﬂ]@?ug{ﬁg%}bgﬁa@rpég%e@ %e% ély%nnzls 1c%&g#$h Nﬁp %%lgt is
assi gnedsdeyict.hAcsexditighe tiy exangdy, CAIGl ishaCUGshavay feseiessoA JBS € aad D. Users A

and B are currently served by group call switch G1, C is served by group call switch G2, and D

15 is served by group call switch G3. The users have been assigned unique MINs by the group call
service provider. For simplicity, the unique MINs are referred to as A, B, C, and D here. CUG1
has a unique identifier that is assigned by the service provider and that is represented here as
CUGI. The definition of CUG], i.e., the CUG1 membership list, is maintained in a distributed
component of the CUG AD called AD1.

20 In a first example exercise, a group call is originated by A to group CUG1, i.e.,to B, C,
and D. Figure 12 is a call flow diagram of the group call. '

A originates a group call request for closed user group CUG1. In the IS634 interface, the
request is represented as a CM_service_request with CUG1. In the case of the Radio Access
Network ("RAN"), the request is much like any other call request. The IS634 commands and

25  information elements involved include, among other information items, the calling number and
the called number (e.g., assumed to be CUGI in the current example). In at least some cases the
RAN does not have the logic to distinguish valid numbering plans from invalid numbering plans,

which logic may be implemented in the MSC. In such cases, the RAN forwards the number



CUGd . The definition of CUd, i.e., the CUGL nenbership list, is maintained
in a distributed conponent of the CUG AD called ADL. 20 In a first exanple
exerci se,waogeaspi call is originated by Ato group CUG, iPCF/USOL/®SB} C,

and D. Figure 12 is a call flow diagramof the group call. A originates a
group call request for closed user group CUG. In the 1S634 interface, the
request is represented as a CM service_request wwth CUGL. In the case of
the Radi o Access Network ("RAN'), the 'r%]qUest is much |ike any other call
request. The 1S634 commands and 25 information el enents invol ved include,
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(i n addi felwingindrmaohl B is the responsibility of switch GL (i.e., itself)
MN Cis the responsibility of switch @2 15 MNDis the responsibility of

switch G3 A jnitiat a call se r est .10 ich is the
responsi bi | i tywcg‘ifl ’@fﬁlﬁ?ss%ﬁp?{nbgﬁg}’?22?{1(51?9%859911“?8?%%‘ requests to & and G3
for Cand D, respectively. Thus, & and G3 act as proxy

MIN B is the responsibility of switch G1 (i.e., itself)

MIN C is the responsibility of switch G2
15 MIN D is the responsibility of switch G3

G1 initiates a call set up request to B (which is the responsibility of G1 itself), and sends
call setup requests to G2 and G3 for C and D, respectively. Thus, G2 and G3 act as proxy
switches for G1 for this particular group call. G1 also ensures that a new context is created in
which TDM traffic is directed from the RAN to the Media Gateway, which converts the TDM

20  traffic to RTP/UDP/IP packets and sends the RTP/UDP/IP packets to a multicast router. The
multicast router is instructed to receive the packets, add A to the multicast group, and multicast
the packets to the specified multicast group. In the call flow diagram of figure 18, the

instructions are shown collectively as "Join Multicast Group (TDM A)".

G1 then awaits connect messages from B, G2, and G3. Any of these three messages
25  could be received in any order, and it is possible that only a subset of them is received. In the
example, G1 first receives a connect message from B, followed by connect message from G2 and

G3. Upon receiving the connect message from B, G1 sends a “Join Multicast Group (TDM B)”



switches for G for this particular group call. @ also ensures that a new
context is created in which TDMtraffic is directed fromthe RAN to the
Medi a Gatwaan/os8ashi ch converts the TDM 20 traffic to RTP/ UPPTIURop#asket s and
sends the RTP/UDP/ I P packets to a nulticast router. The nulticast router
is instructed to receive the packets, add Ato the nulticast group, and
multicast the packets to the specified nulticast group. In the call flow
di agram of figure 18, the instructi ons #re shown col | ecti vel y as "Join
Multicast Goup (TDMA)". Gl then awaits connect nessages fromB, &, and
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R is remgyuge friond QR dhredayied ée G wiych gritses Pdo addedin the mulicay lp: 10 The
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at rtain i thl . i cast
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j unct ur ecer@in RIP poss enlyan aphrticeks comext. Rankédts artmudticast bathegeutet tocthe has

j oi ned threrﬂggro(#p cal], d sends a success tone to A indicating that the
group caff® dh¢ BPECRBLETOUR- 15 is in SEND node and B, C, and D are in
RECEI VE node, and the nulticast router can performa multicast to B, C and
D. I'n anot her saxarkifs fxefusd, €8 had rédcdRal@ leadf ont REAFINNAiRATMRr thit has joined
performed, as illustrated in the call flow diagramof figure 13.

Speci f i ctilel groupcalle Glisgudsarrwscesp bukitnds iedicating thahibe group call may now proceed. A

15  is in SEND mode and B, C, and D are in RECEIVE mode, and the multicast router can perform a

multicast to B, C and D.

In another example exercise, a transfer of speaking control is performed, as illustrated in
the call flow diagram of figure 13. Specifically, A relinquishes speaking control which is
acquired by C.

20 To relinquish speaking control, A signals G1 which causes G1 to put the current group
call in INACTIVE mode. (As explained above, if no user acquires speaking control within a
specified time as measured by a system timer, the group call is terminated.) C issues an Acquire
Talk command to its responsible switch G2. Since, for the purposes of the current group call,
switches G2 and G3 are proxies for G1 which is the controlling switch, the Acquire Talk

25  command is relayed to G1. G1 issues a MODIFY CONTEXT command to the Media Gateway
that causes the Media Gateway associated with switch G2 to accept incoming TDM traffic from
C, convert the TDM traffic to RTP/UDP/IP and send the RTP/UDP/IP to the multicast router.
The Media Gateway is instructed to halt receiving TDM traffic from A. The multicast router is



acquired by C. 20 To relinquish speaking control, A signals G which causes
GlL to put the current group call in INACTIVE node. (As explained above, if
no user awoueesospeaki ng control within a specified tinmecagsowasss ed by a

systemtimer, the group call is termnated.) Cissues an Acquire Talk
command to its responsible swwtch G. Since, for the purposes of the
current group call, switches & and CB%e proxies for GL which is the
controlling switch, the Acquire Talk 25 ©Command is relayed to GL. G issues

a MODI FY CONTEXT command to the Media Gateway that causes the Media
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failure F&ﬂ@uﬁﬁ&ﬁ@ﬁﬁqhgc&trdlﬁarﬂ sEMstMlu&%@ﬁ@ﬁ@ssaE@% gituation is
sinplified so that the group call has two participants A and B, with A
havi ng speaking control. The network i ncludes a single group caII switch Gl

10 whi ch i ncl lnie8irthet example, the amu@snsmmmﬂ goothst thoveronp ¢hth h@dmepeytécimLs
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command only fromA. The comrand is received by the control plane CS of

the G whidtHOmsA Ué‘éelé"%ﬂﬁflyﬁnd nafficdatnd froapbrievels vip MG2, pnidluptiated inghscall t o
nmodi fy t call by disallowing TDMtraffic fromA. The
system ggg‘gqﬁﬁio an gRl‘%?:%’VE state awaiting an Acquire Control conmand. |f
no such command is received within a specified tinme period as neasured by
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In additi

1?1y from ! r’lcﬁ{a command is received by the control plane CS of the G1 which issues a Modify

15  Context command to MG1 instructing MG1 to modify the context of the call by disallowing
TDM traffic from A. The system goes into an INACTIVE state awaiting an Acquire Control
command. If no such command is received within a specified time period as measured by an
inactivity timer, a Call Release request is sent from CS to A and MS B. In addition, destroy
context commands are sent to MG1 and MG2. The group call release sequence is complete when

20  Release Complete messages are received from A and B and Destroy Context Complete messages
are received from MG1 and MG2.

Figure 15 illustrates an example of call flow with respect to database record keeping in

the case of roaming, i.e., location updates.

Three mobile stations A, B, and C are involved. A and B are the responsibility of a
25  control plane CS1 of a group call switch and C is the responsibility of a control plane CS2 of
another group call switch. A roams and issues a location update which is received by CS1 via
the BTS and BSC. CS1 consults the index based on IMSUMIN/ESN to determine the
appropriate HLR' for A, e.g., HLR'], and issues a location update request to HLR'l. HLR'1



context commands are sent to M3 and MX. The group call rel ease sequence
is conplete when 20 Rel ease Conpl ete nessages are received fromA and B and
Destroy Gontexsds@onpl et e messages are received from M3 &ada/usB212884 gure 15
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The above embodiments all facilitate the realization of inventive group calling. Subsets
of the functionality, however, still provide advantages over the state of the art. For example,
15  group calling using technology other than multicasting on the IP network may still offer many of
the advantages discussed above. In particular, standard telephone connections using the PTSN

may be inserted in place of IP multicast connections.

In another example, the group call switch may be deployed on the trunk ("the back") side

of the MSC. In such an embodiment, the group calling feature may operate as described below.

20 Figure 16 illustrates a group call switch deployed on the back side of the MSC, with fixed
links using standard ISDN User Part ("ISUP") landline signaling. The MSC connects to the
Home Location Register ("HLR") using IS-41 (also known as MAP) protocol. The group call
switch and the MSC are also inter-connected with bearer trunks that carry voice traffic between
the two switches. The group call switch has a TDM connection to the PSTN and an 1P

25  connection to an IP network from its data plane (also known as Media Gateway). The group call
switch may also query the HLR using IS-41. (Figure 16 shows the two MSC switches
independently connected to the PSTN, but both switches may be connected to the same PSTN.)
Both group call switches have access to the Active Directory (CUG-AD) via the IP network.



of the MSC. In such an enbodi ment, the group calling feature may operate as
descri bed below. 20 Figure 16 illustrates a group call switch deployed on
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is received by GCS-2. GCS-2 returns a Temporary Local Directory Number ("TLDN") to the
HLR which forwards this information to the sender (GCS-1) of the original location request.
20  GCS-1 determines that the TLDN belongs to GCS-2 and notifies GCS-2 about the group call.
GCS-2 instructs MSC-2 to set up a group call to mobile stations B and C. Further interactions
proceed as described above for the non back side case, with MSC-1 and MSC-2 becoming

effectively transparent for the purposes of the group call.

The back side of the switch deployment for group calling has an attendant benefit that
25  may be apparent from Figure 16. In the case of such a deployment, conventional landline
telephones such as telephone D shown in Figure 16 can also be involved in a group call. Thus, a
CUG member may register a landline telephone number as its “reach” number in the CUG
Active Directory. If such a subscriber such as D needs to be included in a group call, the relevant
group call switch may ask the Serving MSC to complete a PSTN call to D using the stored reach

30 number of the subscriber.



HLR whi ch forwards this information to the sender (GCS-1) of the original
| ocation request. 20 GCS-1 determ nes that the TLDN bel ongs to GCS-2 and
notifies w09288@bput the group call. GCS-2 instructs NMSCPETIGSOFEISSUp a
group call to nobile stations B and C. Further interactions proceed as
descri bed above for the non back side case, with MSC-1 and MSC-2 becom ng

effectively transparent for the purposes_of the group call. The back side
of the switch deploynment for group cal |14 has an attendant benefit that
25 may be apparent from Figure 16 In the case of such a depl oynment,
conventi onal dl i ele teI ephone . D n_Fiqure 16
can al so be |ﬁ\§gif3§i:é eﬁlﬁﬁ%ve ﬁb Lcéf eCh? §ynaayq&)@e%?r§’§?°aﬂﬁfa?é’8 ster a

| andl i neqLphGOAPRE gft!»ﬂi%%[hr%s H'oﬂv%verr RAf NeastybRREdastd) stah@ar@ilpleMetitati€ns of IP

Directory. If such”a subscriber such as D needs to be included in a group
cal |, thmuitaiaevtadmolqgwoup prave insficiet fmtlafymgtthensels\ﬂf radalpdispass Get e a

PSTN call t red,reach 3 nber e su

b/ 08oE0PBRTR S was R34 A SGREE pp L ARRSL t‘mﬁ‘eﬂf (R AREhd Plgen ogy
may be ugRtias-diaBlel ShtErstrhANBROAN exdeQEVEIP l@)irh® ISubi@ibprsoaitd dxparictdeuamer |
in at |east sone cases, standard inplenentations of IP nmulticast

t echnol ogipumagl] setop &nies etayi citherlanEaip of ag1rfihe fﬁél thachyaay|sesplf ingngaisfactory
di UG
Cunnel s P esperFREE drope e S Sefuptifthosctiy 8% logR ekt sthatthl dqp 66

excessi vafiNzadtiepg tinme. Subscribers who experience long group call setup .
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(Al t hough Fi gur shows eac cast router connected to a single
gr ou p cakhovesach mulmdst foulee cgnmm]@dctah singla grohg sallswmky niydtipje glfﬂ?@PtCé]él swgches

Si ng r out | f subscr.i ber i cal rs
of TS r B sbnessst BieTeae fove ol astberrs PUOUR 4 Save PTRGRT B b T0dRE
Int he Cf the rél@vant CUG, one or more of the multicast routers can be involved in the call. In
particular, tunnels are set up between the corresponding multicast routers as noted above. If the
setting up of these tunnels is delayed excessively, the quality of the group call may suffer as a

result.

20 As now described, the IP tunnels can be set up ahead of time in such a way that a number
of group call initiation requests that arrive later can be serviced by these tunnels. Inasmuch as the
tunnels are set up ahead of time, in anticipation of future group call requests, the post-initiation
set up delay is thereby reduced or eliminated. The tasks involved include predicting the demand
for group calls that are expected to arrive in the future, and determining the topology of the IP

25  tunnels that need to be set up to satisfy the predicted demand.

Demand prediction relies on historical information in the form of group call logs. The
history of group calls is divided into a series of windows, with each window being defined over a
length of time, known as the "window size", that may range from a couple of minutes to several

dozen minutes and is proportional to average holding times of group calls. The actual window
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nunber of group call bet ween routers iI'n wi ndow N. e follow ng
exanpl e inltims amchwe@owrdebhmg thedate$ten tlutedr e, tlhemcarrdntfmndgwbu'ﬁo caltulate tlllen the

10 exanp t he _hi st of up calls .is divi into 4 win
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(i.e., the current window). To calculate the demand in the next (future)
wi ndow, X(IeJ 5) A/wlrld@{vk X(II@PI—B@'('J avuc)mgxaw%tmm*f(pua}lﬂaxtﬂ HSegH oc*&(*l 1L 5)
_(1-a * X a) * X(1,J,3) +ar a* (1- a) * X(I, ()+a*

a* a* (1o *aXLEIX(1,J, 1) 15 In the forrrula, a (alpha) is an errplrlcally
det erm ned wei ght factor with a val ue between

15 In the formula, o (alpha) is an empirically determined weight factor with a value between
0 and 1. As expressed in the formula, the prediction of traffic for the next window of time is
based on giving more preference to more recent windows than to earlier windows. This
preference is clearly apparent if the formula is re-written in its more general recurrence form, as

follows:
20 X@IN)=({1-o)* XTIN-1) + o* X*(LIN-1)
where X’(1,J,N-1) is the smoothed estimate encapsulating the past history up to N-1.

In the formula, “Current” refers to the latest window in the time sequence. Based on this
formula and given a history (windows 1 through N) of demands, as exemplified by the values of
the parameter X(I,J,N), a table of values T(I,J) ("demand matrix") can be calculated for the next

25  window such that the value in row I and column J represents the number of predicted group calls

in the upcoming window between multicast routers I and J.
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("1LP") dwsnbisedninnedeff efetbier)g t he | east cost topology, in view of the
following points as explained below a recognition that the case is
"NP-hard"; and a formul ation of the task . as a degree nstraj ned

mul t i - commodi £y d¢3cHRed Priew chmathematiral optimizatign fecpiidEe A g Linear
15 Programming ("ILP") is used in determining the least cost topology, in view of the following

points as explained below: a recognition that the case is “NP-hard”; and a formulation of the task

as a degree constrained multi-commodity flow that can be solved using ILP techniques.

According to the theory of NP-hardness, a case that can be shown to be NP-hard is not
expected to have an efficient algorithmic solution. A given case, e.g., X, may be shown to be
20  NP-hard by considering a case already regarded as NP-hard, e.g., Y, and showing that Y reduces
to X in a polynomial time transformation. The tunnel topology design case can be shown to be
NP-hard by observing that it is a generalization of the unsplittable multi-commodity flow
problem (see J. Kleinberg, "Single source unsplittable flow," Proc. of the 37th IEEE Symposium

on Foundations of Computer Science, 1996.).

25 Thus, the tunnel topology case is recast in a form, shown below, that is suitable for

application of ILP approximation techniques.
INPUT

Let N denote the number of multicast routers in the network.



According to the theory of NP-hardness, a case that can be shown to be
NP-hard is not expected to have an efficient algorithm c solution. A given
case, e.gwpoxs9say be shown to be 20 NP-hard by consi deri mgTaSozsx84l r eady
regarded as NP-hard, e.g., Y, and showing that Y reduces to X in a

pol ynom al time transformati on. The tunnel topol ogy design case can be
shown to be NP-hard by observing that ?é} is a generalization of the
unsplittable multi-commodity flow probfeém (see J. Kl einberg, "Single
source unsplittable flow," Proc. of the 37th | EEE Synposi um on Foundati ons
of Conputer Scienge ; . i ast in
a form shown bel g‘vs,t D#ﬁ%? ’Ii %en§% tﬁgﬁﬁ%’émﬁ%ﬁ nh’gl%gﬁe +fctg§1?eg%ﬁg¥roﬁ%Efg%rgsregg mat i on
techni ques. I NPUT Let N denote the nunber of nulticast routers in the

net wor k. WO 02/ 0895 P(tRCAéddEORE T 8dst of ifinkkEl fobXromlx of fypele Here "I"hdeno®x iamum
nunber of tunnels that, router | can set up. Let P(t,l) . denote the unit
cost of tunndairpimgdes i=(i{k fgmyltjcast-gnabladrauters MER#G198Ej-a  pair of nodes
1=(i j) for nmulticast-enabled routers (MCRs) i and j. Let ti (Tau) denote
the set of all possihl . , J)
denote the derrandsj?réé? r(?il%)ydlg‘.ﬁgt? %%%{egf;érjg}glgsgt% gdtyg%%fp}@lg I(ﬁWa]t%%llScd(gj ’te \{l/:c(/éjen
routers | and J for a given future tinme period. Let C(I) denote the

capadi ty of rout erLdt Ti(IY)klehsie pier desand mehtrit, die.,Bid prdilichd grivg cdittraffic hétween
feasible routes for raquting traffic between router I and J. (This is a

pr e- pr ocessi AgUEtsRndder 4 &iven Sitere tipg Periodsi bl e qual ity of service paths
between 10 MCRs | and J.) OUTPUT DECI SI ON VARI ABLES Y(t,l): nunber of
units of type t tr i (o)W t of traffic flow
on path p. z1: a b%%ngw\?g%?g&égﬁh e L icifter SBHIT O 1AL

al l ocated non-zero capacity; 15 otherwise its value is 0. |ILP FORMJLATI ON
Mnimze Let R(1,J) be the set of all feasible routes for routing traffic between router I and J.

(This is a pre-processing step that generates all feasible quality of service paths between
10 MCRsIand].)

OUTPUT DECISION VARIABLES
Y(t,1): number of units of type t trunks allocated on link 1.
X (p): amount of traffic flow on path p.

z;: a binary valued variable with value 1 if link “1” is allocated non-zero capacity;

15  otherwise its value is 0.
ILP FORMULATION
Minimize
D) Pyt

tet
20 subject to



Y_pi Yl tE G20 subject to WO 02/089501 PCT/US02/12884 -30 Denand
Satlsfactlon (the tunnel topology satisfies the demand matrix): i xP > Tij
di, j pE Wojo2/08506uf ficient Tunnel Capacity (the total fl eeTarsoziisspat hs
can be handl ed by the capacity of the chosen trunks): xP < E Ytt dl 10 ij
pPE Rij tEtc and |E p Port Constraints (the nunber of tunnels enanating
and termnating into a router do not 1 exceed the router's internal set

maximum: | Z1 ~ Dimax Vi 1. (i,j) _ Y- Z1 < Dmax Vj 1. (i,j) =l
The anal ysis above is formalized bel ow | NPUT 25 N nunber of rout ers
D ma" maxi mum nunber nne t: unit
cost of tunnel n?a&d #’2\%%13?01} tﬁe{}xﬁﬁéltépgozég‘?;srah %Q%%gérp ?t s of trunks
T(l, 3): demand matrix T(Il, J) 35

Y Xp 2 Ty ij

PER;;

5

» Sufficient Tunnel Capacity (the total flow on all paths can be handled by the capacity
of the chosen trunks):

X %< Y oy VY
10 1j PER; tet
and
lep

¢ Port Constraints (the number of tunnels emanating and terminating into a router do not
15  exceed the router’s internal set maximum):

> L < D™V,
LGy ="1

20 ¥ 7 < D™ VY,
I: i,j) ="1

The analysis above is formalized below.

INPUT
25
N: number of routers
D™ maximum number of tunnels that router i can set up
30 pi: unit cost of tunnel 1 for type t trunk
T set of all possible types of trunks
Tan: demand matrix T(, J)
» Ci: capacity of router i (bits/sec)
Rj: set of all feasible routes to route traffic between router 1 and j
40

OUTPUT DECISION VARIABLES

yits number of units of trunks of type t allocated to link 1



C: capacity of router i (bits/sec) Rj: set of all feasible routes to
route traffic between router i and j 40 OUTPUT DECI SI ON VARI ABLES Y11:
nunber ofworewngssof trunks of type t allocated to |ink 1 WPCTA/SOB0B64
PCT/ US02/ 12884 -31 x3: anount of flow (traffic volune) on paths p zi: =1
if link 1 is allocated non-zero capacity = 0 otherwise 5 ILP Fornul ation
Mnimze 10 Y_pi Yit tEt subject to 15 Denmand Satisfaction Y, xP > Til
Vi | pE Rj 20 Sufficient Tunnel Capadilty I Y. xP <_Y_Yit VI ij pE Rij
te'L and 25 IE p Port Constraints Z1 CDimax Vi 30 1: (i,j) _1Z Zl <
Dmx Vj 1: )gi,j) _ 135 Tu?ﬂel Exlg t ence Constrai nt

o

-amount of flow (traific volume) on paths p
7. = 1 if link 1 is allocated non-zero capacity
= 0 otherwise
5
ILP Formulation
Minimize
10 Y X v
' ter
subject to
15 * Demand Satisfaction
Z XP = Tij Vi, i
pe Rij
20 * Sufficient Tunnel Capacity
2 2 %< Y ow W
ij peRy tet
and
25 lep

* Port Constraints

Z 7, < Dimax \’/i
30 LGjp="1
3 , s DY,
LGjp="1
35 + Tunnel Existence Constraint
> oy v
4L 2 tet

—_— where M= (2> Ty) +¢
40 M ij



ZYit VI ZI > tEt where M= Tij) + 40 Mi j WD 02/089501 PCT/ US02/ 12884
-32 where s, a danping coefficient, is a user given paraneter having a

val ue i s yoeawessot han zero. In addition, to the extent tR€TArs0HSRENL S
have been described in the context of particular wreless technol ogi es
such as TDVA or CDMA protocols, the enbodinments may also 5 be nodified to
work with wirel ess technol ogies including one or nore of the foll ow ng:
TDVA, CDVA, GSM | S-136, and ot her 2G antt 3G protocols. Having described an
exenpl ary enbodi nent, it should be apparent to persons of ordinary skil

in the art that changes nmay be. made to the enbodi t described w t hgut
Hoparti g 1 oahe R AR ol s b Bk B TR RaE v Ty oS Gisgter thin
PCT/ US0244:4884 -33- What is clained is: 1. A nethod for use in

establishing a group call, conprising: retrieving information froma |i st
of menbers of a group call group; and based on the retrieved information,
est abl i shing & , tathe eptentidie sbodistentsive beemdessribashin|the eantet ohs (VB)

wher ei n i i e i stati ontrol.l er, (BSC) and
e S boo Rkl FirelR RSl S 2B DM be CERATHADEAR P Binbitnhrs iy
the f35rsbe Madifiedsemogidwith veirdléss $échiBlbiee insWMdigd dridor 18618 10f the( VB&Y ingNIDME,

second M5 is served bg a second MSC. 3. The nethod of claiml1l, wherein both

the firsCINEAHEM: Ae-136cBdPts 26t ends¥G potpagls-a 10 first nobile switching
center (MSC). 4. The nethod of claim1, further conprising: causing voice
data for the ] | ' ' :
met hod of cl alﬂ%ﬁ%g d?gé';i!tbﬁ% %ggenr%]?l?@isé%ﬁohﬁﬂeﬂtﬁt thﬂ}l'(!l bé ﬁﬁﬁa}erﬁ?éﬁérg&s of %rszQ?
skill in the art that changes may be made to the embodiment described without departing from

the spirit and scope of the invention.



directing voice data for the group call between first and second proxy
switches, wherein 15 the first MSis served by the first proxy switch. 6.
The net howook/ogdsai m 5, wherein the first proxy sw tch rec@Crasoziaisss
directly fromthe first BSC. 7. The nethod of claim5, wherein the first
proxy switch receives data fromthe first BSC via a first nobile sw tching
center (MSC). 20 S. The nethod of clai mm% wherein at | east a portion of
the group call is half duplex. 9. The n $hod of claim 1, further

conpri sing: causing speaking control to be transferred between nenbers in

t he grougNﬁﬂhgck@g%dqg/08950; PCT/ US02/ 12884 -34 10. The nethod of claim 1,
further conprising:. transmtting textual data to at | east one of the Mss.
11. The method of claim 1, further conprising: determ ning which nmenbers in
the list are rotA peetidddbpade ingstablishiig; ggroupcalBlbmprifing2. The net hod of
claim11, further conprising: sending an indication that a nmenber that |acks
speaking control. in the group call h request ed speaking control in the
group call. 13‘?mﬂﬁlégﬁ%ff’ﬂgﬂl%‘fﬁ?ﬂlé‘ihrﬂ%sm? ?&ﬁ@faéﬂ‘?ﬁﬁ?gigﬁ&mﬁ‘? or to
establishment of the group call, establishing a nmulticast session based on

a 10 predict ib@&d%ﬂﬁ@ﬁiﬁé‘%dtiﬂﬁ)g%ﬁ&? iR d ol Sl bWt sl and'Bcod

nmet hod for use in establishing group call, “conprising: retrieving

i nf or frat imebikerstattons (VI8), vdferain theclirst MS issegvesihy cfitst bagestation anotrdiks €BSChatche
retrieveq i nfor i.oné g@#ablishngF? group call between first and second
nobi | e stgﬁ$%ﬂ%fﬁk%§flﬁﬁ LANCORE st MSis served by a first radio
signaling standard and the 15 second M5 is served by a second radio

si gnal i ng st andamd.meéthed Jih@aifet Wolbréth tife fkiMIb4s ssbhed BY A fikdd endbile Stvittiadh 0

signaling standard includes a tinme- division nultiple access technol ogy,
and the gsegigh@bQuans thi seroind MS &xservgd bl aispedndd8Ca code- division nultiple

access technology. 16. A nethod for use in establishing a group call,
CONprisSiNg. 3 The method of claim 1, wherein both the first MS and the second MS are served bya

10 first mobile switching center (MSC).
4. The method of claim 1, further comprising:
causing voice data for the group call to be transmitted in a multicast session.
5. The method of claim 1, further comprising:

directing voice data for the group call between first and second proxy switches, wherein

15  the first MS is served by the first proxy switch.

6. The method of claim 5, wherein the first proxy switch receives data directly from the
first BSC.

7. The method of claim 5, wherein the first proxy switch receives data from the first BSC

via a first mobile switching center (MSC).
20 8. The method of claim 1, wherein at least a portion of the group call is half duplex.
9. The method of claim 1, further comprising:

causing speaking control to be transferred between members in the group call.



20 based on a history of group calls between two points in a nobile

comuni cations network, determ ning whether to establish a nmulticast

sessi on bwpDwemsesbhe two points. 17. The nethod of clai m PEI/ATSoz/11384
conprising: WD 02/089501 PCT/ US02/ 12884 -35 based on a history of group
calls between two points in a nobile conmunications network, predicting a
future demand for group calls between the, two points. 1 S. The nethod of
claim 16, further conprising: based on a% story of group calls between two
points in a nobile comruni cations 5 network, determ ning a topol ogy of

mul ticast sessi@n ' fu Ko Il in the nobile
conmmuni cat i onsﬁge?hél?]f%?é#@}&ﬂnnelfﬁ%@% n%%%e ‘'n group calling, conprising:

receiving, via a first base station control ler (BSC), an indication that a
first nobile stratsnmdning(tdpalias pravtbasiese af thelMB6g si gnal that corresponds
to a group caII 10 determ ni ng that a second M5 belongs to the same group

call group as f| rs ing the second M5, and establishing a
mul ti cast sess h@d?‘?tb?%/gf?} gﬁgb%f"ggﬁ’%é‘é‘ﬁ the first M5 and the second
M5. 20. A system for use in group calling, corrprl sing: 15 first group
cal l'ing I ogic g&&@kiMindGvhivh ﬁxeﬁlbfefsrlﬁtthet]% Qresnto@% gglg,(@]fnqhé gfoug% an

indication that a first nobile station ced I ng si gnal
that corresponds to a group call; second group caI ling | ogic determ ning
that & second M5 Bed mathodiod claim Is furthepeamupising:|  group as the first M,
third group calling |logic contacting the second Ms5; and 20 fourth group

calling logic i shi.n tica si,on carrvyin edata t ween
t he flgr st gl\/B gengﬁ%haél 1@%18%_}] tk%tl amem%er tﬁzﬁﬁacks spea%_l gycongo fé group cal?gas

requested speaking control in the group call.
13. The method of claim 1, further comprising:

prior to establishment of the group call, establishing a multicast session based on a

10  prediction concerning the establishment of the group call.
14. A method for use in establishing a group call, comprising:
retrieving information from a list of members of a group call group; and

based on the retrieved information, establishing a group call between first and second
mobile stations (MS), wherein the first MS is served by a first radio signaling standard and the

15 second MS is served by a second radio signaling standard.

15. The method of claim 14, wherein the first radio signaling standard includes a time-
division multiple access technology, and the second radio signaling standard includes a code-

division multiple access technology.
16. A method for use in establishing a group call, comprising:

20 based on a history of group calls between two points in a mobile communications

network, determining whether to establish a multicast session between the two points.

17. The method of claim 16, further comprising:
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based on a history of group calls between two points in a mobile communications

network, predicting a future demand for group calls between the two points.
18. The method of claim 16, further comprising:

based on a history of group calls between two points in a mobile communications
network, determining a topology of multicast sessions to use in a future group call in the mobile

communications network.
19. A method for use in group calling, comprising:

receiving, via a first base station controller (BSC), an indication that a first mobile station

(MS) has produced a calling signal that corresponds to a group call;
determining that a second MS belongs to the same group call group as the first MS;
contacting the second MS; and

establishing a multicast session carrying voice data between the first MS and the second
MS.

20. A system for use in group calling, comprising:

first group calling logic receiving, via a first base station controller (BSC), an indication

that a first mobile station (MS) has produced a calling signal that corresponds to a group call;

second group calling logic determining that a second MS belongs to the same group call

group as the first MS;
third group calling logic contacting the second MS; and

fourth group calling logic establishing a multicast session carrying voice data between the
first MS and the second MS.



