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subscr i®er (“BASHY i ggyealhBTgrlgzb-p are aggregated via fixed links™104a-n”into’a Base 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.
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* ACTI ONF WO 02/ 089501 PCT/ US02/ 12884 2 Briefly, one or nore radi o channel s
112 are associated with the entire coverage area. The radio channels are
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connections and the like, and to carry voice or data information once a
call connection is established. 5 At a relatively high | evel of
abstraction, nobile network signaling inyolves at |least two main aspects.
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network. Wth 2G ("2G' is the industry termused for "second generation")
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the M5 1148 FPN owegsthe requested service. The Serving MSC routes the
call to th ocal exchange of the di al ed user on the PSTN 120. The | ocal

exchange al erts the cal l ed yser . te an, answer back | is
routed back to Eheaangsfoumsqisignaling é%wgnli PR ag'ﬂ/%@ YoeP Sommaricidh e
15  transmitted and received in accordance with various standards. For 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

(op

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 és 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 MiS 114 through the serving MSC 110
which then completes the speech path to the MS. Once the setup is completed the call may-

proceed.



whi ch then conpletes the speech path to the M5. Once the setup is conpleted
the call may proceed. WO 02/089501 3 PCT/ US02/ 12884 To deliver a call to a
M5 114, (assunming that the call originates fromthe PSTN 120) the PSTN
user di al swiohe/088Bs associ at ed phone number. At | east acRHTAWSY13884 U. S.
standards, the PSTN 120 routes the call to the M5 s home MSC (which may or
may not be the one serving the MS). The MSC then interrogates the HLR 118
to determine which MSCis currently serv%ng the 5 Ms. This also acts to
informthe serving MSC that a call is forfhconing. The hone MSC then

routes the call to the Serving MSC. The serving MSC pages the M via the
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| ocati on update procedures (or,reqgistration pfications) are 20 perforned
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users. These procedures are used when a M5 roanms fromone location to
anot her or whem d¥ect 6f MAineslves ifmobility menggsments” BrisBYfdiffesent s sad MREs

networ k. For exanple a |ocation update : ~ tionk.t Mobilgy M5
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the VLR 11@SCTHeedsy saryieei(anddiliycalicorrectly. To this end, M5Us use 2 VISIng Lo¢
15 Register (“VLR”) 116 and a Home Location Register (‘HLR”) 118. The HLR is used to store
and retrieve the mobile identification number (“MIN”), the electronic serial number (“ESN”),

'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 registx:ation 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 proceled
with the MS 114 sending a location update request to the VLR 1 16 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



acknow edgenent of a successful |ocation update. The HLR 118 requests the
VLR (if any) that previously held profile data to delete the data rel ated
to the relocated M5 114. Figure 2 shows in nore detail the signaling and
user traff o ousef aces between a BS 107 and an MSC 110 PCT/ESOQDR84 nobi | e
networ k. The BS 107 conmuni cates signaling informati on WO 02/ 089501 4

PCT/ US02/ 12884 using the Al interface. The A2 interface carries the user
traffic (e.g., voice signals) between thg swtch conponent 204 of the MSC
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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.)

Each 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 (¢.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 [P 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



mul ticast conmuni cation uses only the network conponents (e.g., sw tches
and trunks) actually 25 needed for the multicast transm ssion. In
mul ti cast processing, when a potential participant ("host") is directed to
join a pawoamosgol | P nulticast group, the host sends a "PEAUH288H | oi n"
nessage to the nearest nulticast- capable router to request to join the

mul ticast group and receive information sent to this group. For exanple, a
host A sends a message to join nulticast sgroup Y, and a host B sends a
message WO 02/ 089501 -5 PCT/ US02/ 12884 td join nulticast group X. A router
R propagates the request up to the nulticast source if the data path is
not al r eaqy ;dif niliRG& grddsf;@ A RERE RigiSpadhted fRe BRHER ip i@ he diudtigasdéouco if thxdap! e,
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require that all members be located in the same area served by one BSC. In the first version, a

- =)

one to one conversation is allowed between two mobile telephone subscribers, e.g., A and B.

15 When A wishes to bave 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.

Tn 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



In the second version, conversations are all owed anong nenbers of a
pre-defined group of subscribers, known as a Tal kgroup, which is
identified by a nunber. The nobile tel ephone handset allows Tal kgroup
nunbers t owmeozmegsoched t hrough the control surface of thePGTAVI3@2884 | n 25
order to place a group call, the initiating subscriber, e.g., A locates a
Tal kgroup nunber in the handset, holds down the PTT button, and, upon
recei ving an audible confirmation such ag_a chirp, can start speaking. All
of the other Tal kgroup nenbers on the group call can only listen while A
is holding down the PTT button. If A releases the PTT button, another
renmber on ﬁ{dﬁg APl mBRARM tBe PEF bMRAZAHERS Goritfod _hignzﬂéd by e yudibie dowfowntivie
PTT button, acquiré control signaled by the audible confirmation, and
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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 Protoc_ol 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;



figure 2 illustrates a prior art interface between a BS and a nobile
swtching center in a prior art nobile network; figure 3 illustrates a

bl ock di agram of a systemincluding group call logic; figures 4-5

i1l ustrat ewd qroeosyr swi tch and certain deploynents in a noGT/ESEWebr k; 25
figure 6 illustrates an exenplary data plane of a proxy switch according to
a preferred enbodinent of the invention; figures 7, 9, 16-17 illustrate
architectures of a group conmuni cation S)éstem WO 02/ 089501 7

PCT/ US02/ 12884 figures 8A-8C, 11-15 are"call flow diagrans of uses of a
group comruni cation system and figure 10 ill ust rat es a flow di agram of
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detects a groufigaelil illmstrateataiflow difgram ofrprobprallllogizA of a group 1014 and
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1036 such as _an IP network. The switching is transparent so that neither
t he MSC nofessi®fe BS

With respect to the case in which the 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
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Under certain embodiments, there is a one to one correspondence between an MSCanda

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 2 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.
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15 conventional MSC assigns circuits.

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 contro! 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
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group call user, using standard numbering schemes such as MIN, IMSI, 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
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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 3) 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 to outgoing IP traffic.

20  Programmatic control in the control plane determines cross connections between incoming TbM

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 copcnding' 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.
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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 users. 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 call 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
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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 Tfthe 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 individvals 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.



who has been assigned speaking control can speak; another joined nmenber
cannot speak until 15 speaking control is relinquished and re-assigned. As
described in detail below, to request speaking control, a user on a group
call may pwes®/oasset andard nunber key on the tel ephone, meBCT/Pi0&4288H speci al
key if provided by the tel ephone manufacturer, or may send a text nessage
to the current speaker requesting to speak next, if the tel ephones have
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actions may be taken based on the exception list. For example, dunng or affer th

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.




CUG cannot be joined on a group call, an exception list listing the m ssing
nmenbers may be generated and recorded by the system If one or nore
menbers of the CUG have tel ephones 15 havi ng display screens, the exception
list may bwaligpesayed on the display screens. Further acRGTBP¥2a$4 be t aken
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calls, for private calls, .
tra%slations (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 akey, 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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15 In a specific implementation, if the group call user wants to contact a group of users in

the user’s community (i.e., CUG mode), the user keys in (“enters”) 2 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 directory 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.

TIn 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 vser who sent the

barge-in message. Thus, the speaking user is not forced to guess that a listening user would like



10 tel ephone nunbers. Inasnmuch as the handsets are to be signaled by the
Radi o Access Network ("RAN') under the direction of the proxy switch, and
since the RAN uses nobile tel ephone nunbers to effectuate such signaling,
t he CUG i nfwo ozeos9son i ncl udes nobil e tel ephone nunbers. EREHURRNRE8hc| udes
two or nore users, optionally with a maxi num si ze i nposed by the service
provider. 15 In a specific inplenentation, if the group call user wants to
contact a group of users in the user's_gpmunity (i.e., CUG node), 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
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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, ¢.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.




audio only and a text only device such as text pager receives text, and if
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15  operates in the IP network using IP mulhcast 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



such as call forwarding, do not disturb, and call blocking. Callers on a
group call are able to switch to an incomng call if call waiting is

enabl ed. Three way calling, call conferencing, and call transfer are

di sabl ed dwo exgpsgsogr oup call for security reasons, and arBCTES03A288# ed at
the 10 cul mnation of the group call. The group call service supports
conversation encryption using the 1S-41-C Voice Privacy ("VP') feature, as
requested by the nobile tel ephone, if th@ correspondi ng base station
supports VP. In a specific |nplenentat|on described in nore detail bel ow,
the group call service 15 operates in the I P network using IP nulticast. As
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Gat ewa are € 1 nvo ve In the group cal Béarer channel s
are est abl swikohds.bet ween each such BSC and the correspondl ng WO 02/ 089501
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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 channql for MS-A (step 3050). WCS-

20 2 tells WCS-1 (the group call switch for MS-B) to page MS-B (step 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 relinguish such control sending a predefined DTMF

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




reference to figures 9-10 as well, the principal entities in the flow

di agram are group call switches WCS-I, WCS-2 having respective nedi a
gateways MGl, MX2; a GCR that is accessible by WCS-2 ; BSCs BSC-1, BSC -2;
and nobi | evea easeses (e. g., tel ephones) M5-A, MS- B. I n t heCEK(R884 M5- A
and Ms-B happen to be covered by the same group call switch WCS 10 1, but
the procedure would be the sane if M5-A and M5-B were covered by different
group call switches. , Figure 10 illustkgtes a group call logic flow

di agram summari zing the call flow diagram of figures 10A-10OC for setting
up a group call. The share of the logic handled by WCS-1 is shown on the
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M5- A (step _3050). 20 2 t : -1 (the group call switch for M5-B) to
page -B W@@B%.ba@{’f%ﬁ%ﬂs’ M5-B (step 3070) and then infornms WCS-2

that M5-B was found (step 3080). WCS-2 creates a Media Gateway connection
to WCS-1 (the dnahpWehbhsedséttuplsystan thdbisByailableto eBd 9g)s to\agigblish4l ERdists,

Bcqui o1 11 ohe RO sEReBEaR S PERS ot ab A Shiflksth it pllsp o group
i ndi cat e tQUNBAThO: upBysterh apphectoth e MAH prabed] st wll d020)ladniodushign causes
a tone to played to Ms5-A through the Media Gateways (step 4030). Further

cal | flow @R¥ps-es are expl ained bel ow in connection with figures 12-15. As
descri bed above, in group calls, only one joined user is permtted to speak

at a tigre; a | iRys HSebldadi fHCalSReRdHant: if Qrkéul call Aor dcebimiggiasd nawotk

contro1 sendi ng a prgsédefi ned DTMF  di gﬂl)t (e.g., "I "), and another joined
user nmay téngmeeRrgiPYPosepeaki ng control by sending a DTMF WO 02/ 089501 - 20
PCT/ US02/ 12884 digit (e.g., "8"). The joined user who has speaking control

hears a successg,ER8 IRNIAYEHRs WSRIPIE now ABErDAd, bf b aticlvhi of kiedirasp eilpi ct ed
in figure 11. Prror to the group call,, acg}}oup .call user Ry, elgﬁt l}o
enabl e or stirged| Acegrdingto thee e, C{IGL is a CUG having four users A, B,C, and 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
CUGL. The definition of CUGL, 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 CUGL. 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 1S634 commands and

75 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 Jeast 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



foll owi ng features descri bed above: attendance exception reporting,
attendance reporting, call 5 transcription, and barge-in capability. In the
Wb based set up systemthat is available to end users to establish their
GCR |ists, wodmms¥sbb server connects to the GCR over an | PCT/B02428&nabl e

real time updates of users' group call lists. The set up system supports
both the WAP protocol as well as standard industry browsers. 10 Call | ogs
are collected for all participants in a_g{foup call, for accounting and
network engineering purposes. Figure 1271l lustrates an exanple, now
described, of an application of the group call service. According to the
exanpl e, I
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first exangliRnh@n® i précedit Poragrdup @llori gi nated by A to group CUQ,
i.e., toB C and D. 'Figure 12 is a call flow diagramof the group call.
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027089501 PCT/ Y é%t%c 1§d%§ Rér%s}nggrgwtabﬁ% @ adtiidn 9fa)t he 15634 message set

to the MSC. | na FoXy Switc I ntercepts such nessages, the
nunber infornation becones available to the proxy switch. Since the proxy
swi tch can funcMINB istheatspoasibilits ofrwitgh (3 (he, @8MSC, the proxy switch can
det erm ne

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 Gl 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)”




that an incomng call request is not a conventional call request, but
rather a group call request for 5 a closed user group. In such an instance,
the proxy switch assunes the role of a group call switch and initiates
procedur es Wae2/m9sgt oup call. Goup call switch Gl i ssues BCEHEaAE84
assignnment request back to A. Gl also initiates a directory transaction to
retrieve the definition of group CUGL fromthe CUG AD conponent AD 1. The
response fromADl is expected to include éhe list of MNs corresponding to
the 10 nenbers of group CUG, i.e., B, C2 and D. Wien the response is
received, Gl has obtained the followi ng information: CUGL includes of
nmenbers B, ' | 1l tRTHFUDPAP hafSRsH el thulticadf .
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i s possi bl metshgd fram Dyto535is plavied &¢ G éhighi cauges Euto\pdded tp e IRRILESLEGIR. g
first receives a connect nmessage fromB, followed by connect nessage from
& and , G. Up h ¥l RO Q0 yBeivebr A Packets'al 0i n
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G which wmembersef g MYUCATEPy e transnitted via the BSC and BTS to B
The multicast router is instructed to ) .

Since, at this juncture, G1 has received at least one confirmation of a user that has joined

the group call, G1 sends a success tone to A indicating that the 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.

Tn 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. Gl 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



add B to the current nulticast group. Thus, for purposes of the current
group call, swwtch G 5 serves as a source of TDMtraffic and swtch &
serves as a sink for TDMtraffic. In the exanple, C sends a connect nessage
to @ (i.ewotdmsomwi tch that is responsible for C) whi chP€TUSWMEB84ends a
connect nessage to GlL. Gl then sends a "Join Miulticast Goup (TDM Q"
nmessage causing Cto be joined to the group call in RECEIVE node.

Simlarly, the connect nessage fromD te3G3 is relayed to G which causes
Dto added to the nulticast group. 10 The Media Gateway is instructed by
the control plane to receive or send packets at certain RTP ports only in
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can perforlmteilersnulu cast to B, C and D. In anot her exanpl e exercise, a
transfer of speaking control is performed, as illustrated in the call flow
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convert the TDMtraffic to RTP/UDP/IP an

ol cast e cami il it R e M Ha e P oty
traffic frag AiactddEofihdt gASt router is WO 02/089501 PCT/ US02/ 12884 - 23
i nstruct ed to caﬁange e node of A to RECEIVE and the node of C to SEND. d

issues a Grant Talk nessage to G2 which sends . a s ci:ess t&g@&
i ndi cating that Slec%érhaﬁﬁﬂﬁﬁlﬁ%%'érﬂl ths sysiemEespoRgdsdo 9 ?od?‘im%'é now

proceed as ghowh ¥ e Coftald'R r&BREKEY thdRentfd] pline TIbf heAS1 Wwhich 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 Acguire 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 IMSI/MIN/ESN to determine the
appropriate HLR' for A, e.g., HLR'], and issues a location update requgst to HLR'l. HLR'1



listeners. 5 If B, for exanple, issues an Acquire Tal k nessage whil e
speaking control is with C, the nessage is sent to B's responsible switch
GL whi ch denies the request (because C has not relinquished speaking
control) amibaemsgeia failure tone nessage to B. In a furtPEHUERNAMEte, the
situation is sinplified so that the group call has tw participants A and
B, with A having speaking control. The network includes a single group call
switch GL 10 which includes a control plgne CS and controls two Media

Gat eways MGl and M. Traffic to and fromA travels via Md and traffic to
and fromB travels via M2, as illustrated in the call flow diagram of
figure 14 deSimiaes Wy isamtadpseakli of thes®BIGs (@ whittha bslpsge WithehgsdnfpsmatipngHLR ']
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i ssues a |coogsionding fHKISEOF equest to HLR |. HLR 1 WO 02/ 089501 - 24

PCT/ US02/ 12884 determi nes by its database all of the CUG to which A

bel ongs. Wi hdopks information, HLR I issues a |ocation update request to
CUG AD. Acca*é"‘ﬁgl y, CUG AD incl udes the updated

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 IP

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 1S-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.



|l ocation of Ain CUG to which A belongs. Wile roamng, B also issues a

| ocati on update, which cones to CSI. Based on 5 IMSI/MNESN, CS 1

determ nes the appropriate HLR for B, nanely, HLR2. CS 1 issues a |ocation
updat e reqwmand2/8goHLR 2 that finds all CUGs to which B beP@HE2/1M8KR2 | ssues
a |ocation update request to CUG AD asking CUG AD to update all CUGs to
which B belongs to wth the new | ocation of B. Location updates from C are
received at CS2. CS2 deterni nes the app_rgg)_ri ate HLR', e.g., 10 HLR 2,
sends the | ocation update to HLR 2, which asks the CUG AD to update the
corresponding CUG for C. Variations The above enmbodinents all facilitate
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i nter-conn arer trun at carry voice traffic between the
two switches. The group call sw tch has a TDM connection to ({(ﬁ STN and an
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e o G o AR T L o v
used for gROHPNG@H (“IHeetidnatqR¥EANR!tke HM?.hndle‘mg for the location of the mobile statlons B
and C. For the purposes of the example, mobile stations B and C may be currently located in a
15  switching area controlled by MSC-2. Following standard mobile telephony practice, this
information is contained in the HLR database and the HLR now contacts MSC-2 (via a “route
request”). Inasmuch as MSC-2 is using GCS-2 on the trunk side, the route request from the HLR
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.




Station (M5) A may be connected to MSC-1 via RAN-I and two Mobile Stations
B and C may be connected to MSC-2 via RAN-2. Subscriber A may have a CUG
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make a group call. MSC-1's logic determnes that the incomng call request
Is a group call and diverts the call request to the group call switch GCS-1
using the ISUP protocol. The group call,switch GCS-1 uses its internal
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02/089501 particular, tunnels are set up between the corresponding multicast routers as noted above. Ifthe

setting up of these tunnels is delayed exéessively, 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

75  rannels 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



-26 PCT/US02/ 12884 As described above, |IP multicast technol ogy may be used
as the basic transport technology for group calling. However, in at |east
sonme cases, standard inplenentations of IP multicast technol ogy may prove
i neffici enwdawosssati sfyi ng the needs of widely dispersed BIISHEEM§ers. The
dynam c call-by-call setting up of nulticast tunnels to carry traffic
between 5 nulticast-enabled routers may take an excessively long tine.
Subscribers who experience long group cgfl setup times may either hang up
or re-try the call, which may result in unsatisfactory user experience.
Long delays in call setup tinmes may also lead to inefficient signaling
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set up betyrelntbfes?ahEPROMRESGY NTUl ticast routers as noted above. If the
setting up of these tunnels is delayed excessively, the quality of the

e s6t “up aheadiistoRaiaE pwﬁ%ﬁl‘t‘l'awwt rediGineaie GRS Remute fgf Sgpe gl e ° ©%"
bni tiafg on, aﬁﬁi&eﬁ%%s%&?w g{oﬁb Y81l iRER1deE Rlo BiSRAW WRE WaddhEBéng MBBLiisst

| nasnuc re- set up ahead of tine, in antici patl on of
future grampunmdddmndpyeébwgthwdatpﬁsmhmm(ltﬁ Abq @urentwinday).JEo eajculale theer eby

reduced or . elinm.n iny Gepmpd

for group %eé’?ar“?‘fﬁ‘ﬁt"e’g@“ém ‘gé’t %q%¥§$¥/g%%%§w% u%ﬁlﬂ Oglgglgt er manl ng
the topology of the IP 25 tunnels that need to be set up to satisfy the
predi ct ed Hams)e-(1 D@r}ﬁﬂdﬁpr%dloc‘,"t(lem)r@(ﬂé,@)@r&*m*s(tlo'ra)c’b?((ﬂrﬁ)drqb?a@’f ehln the
f or m of groug caII |l ogs. The history of group calls is divided into a
series of ) with each wi ndow bei ng defined over a length of tine,
known as the "w ndow size", that may range froma couple of mnutes to
sever ajs In the formula, ¢ (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(@JN)=(1-0o)* XLIN-1) + o* X’(L,J,N-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(IJ,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.



dozen m nutes and is proportional to average holding tines of group calls.
The actual w ndow WO 02/089501 PCT/ US02/ 12884 -27 size used in demand
predi ction can be varied based on the desired accuracy of the predictions
and the conyue208gsot esources to be used in deriving the prRdi/BE0202884
General ly, shorter window sizes yield nore accurate predictions than

| ar ger wi ndow si zes but cause nore wasteful consunption of conputational
resources. Also, shorter windows tend to,de nore responsive to 5 bursty
traffic and to be less likely to snmooth out aberrations. Each w ndow

I ncl udes a nunber of group call requests along with the paraneters
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cal cul at edmui:rﬂferbmnﬁms«hftﬂe&omcndow such t hat the value in row | and colum J
represents the nunber of predicted group calls in the upcom ng w ndow

between nul tic ags descnubeﬁ rbslow Qﬂﬂth%maé’@l ggtérgégg’(ngtechnique of Integer 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 JEEE 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.



PCT/ US02/ 12884 -28 Wth respect to determi ning the topol ogy of the tunnels
for satisfying the demand, the following information is used as inputs:
the point to point demand matrix for group calls between any two nulticast
routers; awaossotucture of the tunnels by the service pPGVVHA2884 e the
cost for establishing a tunnel of a particular capacity between any two
routers; the service provider's 5 delay guarantees, i.e., the maxi num del ay
inthe IP transport network between anyoghwo particular nulticast routers;
and quality of service ("Q0S") constraints that need to be satisfied by the
group calls. In view of such inputs, the topology of the tunnels between
the nul ticast routerd D(inag])denwib iteimdximmanambit 6f twinels thatpawerthcan sctapnnect
which nulticast routers, is determned in a way 10 such that t he topol ogy

accounts for the foll %l(tlgg cons %ﬁrﬁé{'(%fqﬁﬁ*g%{{)ﬁ? lb%tet ]Q:g..lf. haB&ach

mul ticast router do“} Tt he T out er (in

bits per Seconﬁe}noﬁ{weh%g)fwmﬁrcaafen&b]mh&rse(mmaﬂmagdj rom each nul ti cast
router does not exceed the internal limt on the nunber of tunnels of the

router. As described bel ow, a mathematj cal timzati
| nteger Linear 15 %grth%?t?me@ﬁgfapgo%gggtypﬁsg&'@?ﬁ{éﬁ@gbﬁe? A& cost
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recognition that the.cgep deﬁotehP d@ﬁﬁﬁ’d mat®iRdi.&, the préaiceiigesu ngallfu’aﬂ‘lct‘tﬁechenas a
degree constrai ned nul ti-‘commodity fl ow that can be solved usi ng ILP
t echni ques. AcncmtaﬂshglctJCfOIhelvmémfytlmﬁpmﬂdwar dness, a case that can be
shown to be NP-hard is not expected to have an effl cient algorithmc
solution. A given c hd\P- har d by
considering a case g?‘fce@?fg?tgé@ércg@ggﬁﬁ%%g@ﬁl&e&gse%g#\l and shovm ng that Y
reduces to X in a polynomal tinme transformation. The tunnel og o9,

ter dJ.

desi gn case can be bhidRhI)ke theset pialhigasible joussdar ipntipg wHE bptpepnyro,

I t f. th | d.
R cinber g 5 Goe ey Bl Pl ok SR by RAR AT BRR

Synposipum on MOR¢Rirdd)s of Conputer Science, 1996.). 25 Thus, the tunnel
topol ogy case is recast in a form shown below, that is suitable for

application of iques. INPUT Let N denote the nunber
of rmulticast é}#ﬁe@% 'E"woE Ié‘gﬁﬁg

Y(t,1): number of units of type t trunks allocated on link L

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

Z Y v
tet
20 subject to



WO 02/ 089501 PCT/ US02/ 12884 -29 Let D(max,l) denote the maxi num nunber of
tunnels that router | can set up. Let P(t,l) denote the unit cost of tunnel
1 for trunk of type t. Here, "I" denotes a pair of nodes 1=(i,j) for

mul ti cast - sveadlosebot outers (MCRs) i and j. Let 'r (Tau) dePov/BSRH88&et of
all possible types of trunks (DSO, DS1, OC3, etc.) 5 Let T(l,J) denote the

demand matrix, i.e., the predicted group call traffic between routers I
and J for a given future tine period. LegyC(1) denote the capacity of
router | in bits per second. Let R(1,J) be the set of all feasible routes

for routing traffic between router | and J. (This is a pre-processing step

t hat gener at es «ahémérfiastiblactichU@el thoneDopslegiatiefigsahdidentemt weetix): 10 MCRs | and
J.) QUTPUT DECI SI ON VARI ABLES Y(t,l): nunber of units of type t trunks

al | ocated on IiniI 1. X(p): armpuntyof traffic flow on path p. z1: a binary
val ued variable #ith ¥alGe 1 ith1ink!i"1" is allocated non-zero capacity;
15 otherwise it®WRilue is 0. ILP FORMULATION Mninize EE P1,yll 1 tE't

20 subj%ct to WO 02/089501 PCT/ US02/ 12884 -30 Depand Satisfaction (t
tunnel  topol ogy Swfipient Bumnelfeapgel tpray flqw on ﬂsp?igsa%‘?ﬁ b?%a\'@e‘?gy %Ecﬁgalc&?

Suf fi ci entofThrchesenCeypk®i ty (the total flow on all paths can be handl ed by

the capacity
2 2 %S T oy W
10 ij 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):

¥y Zis D™ Y,
I G =1

20 ¥ Zs D™V,
I (i) =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 P unit cost of tunnel ] 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 i and j
40
OUTPUT DECISION VARIABLES

MK number of units of trunks of type t allocated to link |




of the chosen trunks): xP < Y1t dl 10 ij pERi tE6 and I|E p Port

Constraints (the nunber of tunnels emanating and termnating into a router
do not 15 exceed the router's internal set maximum: V1 Z- D,max _A 1 20
Z, < D nmawoobsBie anal ysis above is formalized bel ow. |NAUSRZ2BIN. nunber

of routers D, ": maxi num nunber of tunnels that router i can set up 30 pit:
unit cost of tunnel | for type t trunk ti: set of all possible types of
trunks T(I, j): demand matrix T(I, J) C, . capacity of router i

(bits/sec) Rid: set of all feasible rout€s to route traffic between router
i and j 40 LARL.ES QT j T DECTSION VAR ytt: nunber of units of trunks of

type t allocat E’d to li nkaﬂou‘ﬂ@o%v@ﬁ%vo]@hle)ﬁ:pamswum of flow (traffic
S p
Z).

vol une) on pat

=1 if link 1 is allocated non-zero capacity

= ( otherwise
5
ILP Formulation
Minimize
10 Y X
' et
subject to
15 * Demand Satisfaction
T % 2 Ty Vij
pE Rij
20 + Sufficient Tunnel Capacity
% z < Yoy W
ij peRy tet
and
25 lep

» Port Constraints

7 4 < DMV,
30 Lap=t1
¥ 4L < Dj"mx Vj
LG ="1
35 + Tunnel Existence Constraint
Z yl‘ Vi
Z 2 tet

—_— where M= (X% Ty) +e&
40 M i]



z1: =1 if link 1 is allocated non-zero capacity = 0 otherwse 5 1LP
Formulation Mnimze 10 EE Pi'Yit tE C subject to 15 Demand Sati sfaction
ExPz Tij bi,j PER]j 20 Sufficient Tunnel Capacity 25 E E xP _5 E Yit
dl ij pE ®WqGozoBds@iand |Ep Port Constraints E Z1 < D reCa/ugo21s@41: (i,j)
1Z <Dmx Vj | 35 Tunnel Existence Constraint ZI > E Y-t VI tEt

where M= (E E TO + e ij PCT/US02/ 12884
| -32-

where ¢, a damping coefficient, is a user given parameter having a value is greater than

Zero.

In addition, to the extent the embodiments have been described in the context of
particular wireless technologies such as TDMA or CDMA protocols, the embodiments may also
5  be modified to work with wireless technologies including one or more of the following: TDMA,

CDMA, GSM, IS-136, and other 2G and 3G protocols.

Having described an exemplary embodiment, it should be apparent to persons of ordinary
skill in the art that changes may be made to the embodiment described without departing from

the spirit and scope of the invention.



WO 02/ 089501 PCT/ US02/ 12884 -32 where a, a danping coefficient, is a user
gi ven paraneter having a value is greater than zero. In addition, to the
extent the enbodi nents have been described in the context of particular
wirel ess t etheanisessi es such as TDVA or CDMVA protocol s, thePEHEYBI1A8ht s nay
also 5 be nodified to work with wirel ess technol ogi es including one or nore
of the follow ng: TDMA, CDVA, GSM 1S-136, and other 2G and 3G protocol s.
Havi ng described an exenpl ary enbodi nent s3i.t shoul d be apparent to persons
of ordinary skill in the art that changes may be made to the enbodi nent
descri bed wi thout departing from the spirit and scope of the invention. WO
02/ 089501 Rkt doehdPE84 -33 What is clained is: 1. A nethod for use in
establishing a group call, conprising: retrieving information froma |ist

of menbers of a group call gr.oup; d based the.retrieved information,
establishing a bréd’ﬁ}f{]&%atjprﬁgtlﬂﬁgw’?ﬁf‘%?g‘é?ﬁa cglgc?BWBn%m%bi le stations (MB),
wherein the first MSis served by a first base station controller (BSC) and

the second M5 i guemgasfobyationseeealistBSGembers biie grompleall gafuprdndi m 1, wherein
the first MSis served by a first nobile switching center (MSC) and the

second M5 is served by a second. MSC, 3. .met hod_of, cl ai m Lh both
the first M5 anbRSEhen EWBVQ%S“@PB‘.’ Erﬁg’gﬁﬁk}"gﬁ Eppp ﬁl}%e.ttw%ﬁrftea\ﬁg%ct% i@ﬁl ng
cent er QNB&')obiléstatTJ?@ (VB Rk rh el FkuNIS is sbived Bk fiese BRveistiiog commilel BSCyand e
data for the group call "'to be transmitted in a nulticast session. 5. The

net hod of ¢hesseennd M3 isrserved br@paond BR§: directing voice data for the group
call between first and second proxy switches, wherein 15 the first M5 is

served by the fir ﬁﬁe RERSY oP¥hinf N-wiftreir (A8 i@ MPH s&ved btk firse mobheswitdhirighe
first proxy swtch receives data directly fromthe first BSC
center (MSC) and the second MS is served by a second MSC.

3. Tllne method of claim 1, wherein both the first MS and the second MS are served by a
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.



7. The nethod of claim5, wherein the first proxy switch receives data from
the first BSC via a first nobile switching center (MSC). 20 8. The net hod
of claim1l, wherein at |east a portion of the group call is half duplex.

9. The net voaloxdsssohai m 1, further conprising: causing speBKI/H§288%trol to
be transferred between nenbers in the group call. WO 02/089501

PCT/ US02/ 12884 -34- 10. The nethod of claim1, further conprising:
transmtting textual data to at |east onezpf the Mss. 11. The nethod of
claim11, further conprising: determ ning ich nmenbers in the list are not
participating in the group call. 5 12. The method of claim1, further

conpri si ng: sendign@hametidvdiof alairf N, fuktbdr compisihgr that | acks speaki ng control
in the group call has requested speaking control in the group call. 13.

The nethod of claim]l, furt;ﬁ conEIrFi Si ng:f r Sr to establishment of the
group cal |, estdBnsaitingfexual datatp stleasionegfdhe M3%ed on a 10 prediction
concerning the establishnent of the group call. 14. A nethod for use in

establishing a dnovke ®athbd of€laRl 1,Furfgr cémprisingyi ng i nformation froma |ist
of menbers of a group call group; and based on the retrieved information,

establishing a gyoup. call between first. and second .nobile statipns (M),
wherein the fir € %g‘glé‘f’l?/wmg?sénﬁeﬁ’ ;arG ipﬁl%ﬂpaﬂ%% egrtog%&%fr?d and %he
15 second M5 is served by a second radi o signaling standard. 15. The net hod
of clainrg 14, whemneiThe dthddiof elair dgfvethed comptising st andard i ncludes a tine-

di vision multi ple access technol ogy, and the second radi o signaling

standard i ncludes a code-. di.vi si on ltiple access technol .. 16, net hod
for use in estalERUng pyingicghion e ?’}’Jbeégﬁbfaf%ﬁ W@&%%&Q@&%‘#‘&‘%f%@{?ﬁ y of
group call Sreﬁﬁ‘ést@,@‘éﬁba]dﬂgclaﬁdr&tiﬁtﬂef‘gr&mj | e comruni cati ons network,

o

determ ni ng whether to establish a nulticast session between the two

points. 17. The nethod of claim 16, further, conprising: W 02/089501
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:



-35 PCT/ US02/ 12884 based on a history of group calls between two points in
a nobile communications network, predicting a future demand for group
calls between the two points. 18. The nethod of claim 16, further

conpri si ngwdagmsesoon a history of group calls between t woP@UUSRY288H a

nobi | e communi cations 5 network, determ ning a topology of nulticast
sessions to use in a future group call in the nobile comunications
network. 19. A nethod for use in group c gl ing, conprising: receiving, via
a first base station controller (BSC), an”indication that a first nobile
station (MS) has produced a calling signal that corresponds to a group
call; 10 determpi t ih AenchABRo@MANIBativAk |  gr oup
as the first Ngawd%nat]gég%rlyﬁé%m%gé%@ﬁggﬁg?gg(r)li?j]%est ablishing a multicast
sessi on caretworkigpreditting affatwe Senanddor ghep ¢alls betwien WAEVe Ren$econd MS. 20. A
system for use in group calling, conprising: 15 first group calling logic
receiving, via fdrst S t} Ler. (BSC), an indication that a
first nobile st ifg'ﬁnﬁs%)%(ﬁg%hgrlggﬂgg‘g%gﬁlggl Tng signal that corresponds to
a group call; second group calling logic determning that a second M5

bel ongs to the teastongr lstpryoafigroupgablsibetweent tve ppintssin apmpbilegppgugicaifiscal | i ng

| i tacti t he, d : d,.20 f J i 1 :
oot abl o vakgRriaGE & Eipoley of BSHeas e ol g it ERGp APthe mobile |
and the segpidudiBations 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;
10 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 vse in group calling, comprising:

15 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

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



