
;4567e3e5g2``aDcR.d\f6fTg d 1 MULTICELL AREA PAGING FOR CELLULAR
TELECOMMUNICATIONS SYSTEM BACKGROUND ' 8 b C T 2002  This patent
application is related to United States Patent Application SN 5 09/035,788
filed March 6) 1998 and entitled "Telecommunications Inter-Exchange
Congestion Control"; United States Patent Application SN 09I035,821 filed
March 6) 1998 and entitled "Telecommunications Inter-Exchange Measurement
Transfer "; and United States Patent Application SN 09/i,- (attorney
docket: 34648-404 USPT) filed March 6, 1998 and entitled "System and Method
used in a Mobile to Telecommunications Network for Load Balancing Ongoing
Calls between Different Base Station") all of which are incorporated herein
by reference. 1. FIELD OF THE INVENTION The present invention pertains to
telecommunications, and particularly to paging of a mobile station within a
cellular telecommunications system. 15 2. RELATED ART AND OTHER
CONSIDERATIONS In recent years cellular telephones have become increasingly
popular. A cellular telephone is just one example of what is referred to in
telephone parlance as a "mobile station" or "mobile terminal".
Telecommunications services are provided between a cellular
telecommunication network and a mobile station (e.g., cellular telephone)
over 2o an air interface, e.g., over radio frequencies. At any moment an
active mobile station is communicating over the air interface with one or
more base stations. The base stations are, in turn, managed by base station
controllers (BSCs), which in some systems are also known as radio network
controllers (RNCs). The radio network controllers are connected via control
nodes to a core telecommunications network. Examples of z5 control nodes
include a mobile switching center (DISC) node for connecting to
connection-oriented, circuit switched networks such as PSTN and/or ISDN)
and a   "' 8 O C T ZOQ'  general packet radio service (e.g., GPRS) node for
connecting to packet-switched networks such as Internet) for example. The
radio transmissions of each base station cover a particular geographical
area. As used herein, the geographical area into which radio transmissions
s of a base station extend is termed a "cell". Such definition of "cell"
thus encompasses 



systems in which the perspective is such that a base station covers a
single cell) as well as systems wherein the term "cell" is differently
employed in a manner such that a base station serves more than one cell.
Regardless of perspective, a handoff or handover must occur as a mobile
station travels from an old cell to a new cell (e.g., for example io when
the mobile travels into a cell covered by different base stations and or
different RNCs). This permits mobile stations to ``roam" considerable
distances. In view of the extent to which a mobile station can travel,
location management of a mobile telecommunications system can be extensive.
A number of geographical area levels can be utilized. In this regard) cells
can be grouped into larger is areas, for example into location areas. A
location area can be served by plural radio network controllers (RNCs).
Location areas are discussed, for example, in United States Patent
Application Serial No. 08/916,285) filed August 22, I997) entitled
``GEOGRAPHICAL RESTRICTION IN CELLULAR TELECOMMUNICATION NETWORK", which is
incorporated herein by reference. In view e.g., of the potential complexity
of such location management schemes, an effort is made to keep track of the
location of the mobile station while trying to minimize the radio resources
devoted to such effort. One method for saving radio resources involves
location updating messaging. In location updating, when a mobile station
which is idle (i.e., there is no 25 current connection between the mobile
station and the network) moves into a cell belonging to a new location
area, the mobile station apprises of its whereabouts by sending a message
known as a location update. The location update message must be sent so
that both a home location register (HLR) maintained for the mobile station
and a visitor location register (VLR) have appropriate current information
about the mobile station and its whereabouts. Then, when the network needs
to establish a connection or exchange data with the mobile station, the
mobile station is paged within the last location area apprised by the
mobile station. The mobile station answers the page by   8 0 C T 202 3
sending a page response message to the network from the cell where the
mobile station is currently located. As indicated above) the aforementioned
location updating is utilized when the mobile station is idle (e.g.) is not
participating in an on-going call). Moreover, when the mobile station is
idle the location updating is applicable not only to circuit switched
services (which can involve speech services and/or data services), but also
to packet switched services as well. Whereas in circuit switched services
the data user has radio resources continuously reserved for the connection
to the radio network during a data call (e.g.) even when not transferring
data), in packet switched services the user has io radio resources reserved
for the connection to the radio network only when either ( 1 ) the mobile
station desires to transmit or (2) the network has something to transmit to
the mobile station. In other words, in the packet switched service the
mobile station (e.g.) a computer with mobile termination) does not have
radio resources reserved for the connection to the network constantly while
the computer is in use, but only during 15 these two transmission events.
One example of packet switched service recently available within the GSM
(GIoba1 stem for Mobile communications) system is General Packet Radio
Service (GPRS). When a mobile station is connected with the network during
a connection involving a packet-switching service, procedures such as cell
updating and routing area zo updating are employed. When the mobile station
moves into a new cell, it updates the network with its location on a cell
level. However, in periods of no data transfer, cell updating wastes radio
resources. Instead routing area updating is used in periods of no data
transfer. Thus, the routing area updating typically occurs only during the
lifetime of the packet-switched connection. A routing area is a group of
cells. The routing area 2s is typically smaller than a location area. Since
traffic for a packet switched service is very bursty in nature with long
periods of no packet transfer) it would be a waste of radio resources to
have a radio channel continuously assigned to a connection. Instead, when
the mobile station moves into a new routing area) the mobile station
updates the network with its current location, e.g., with its current
routing area, similar to the 30 location area update described above. When
a packet is to be sent from the network to the mobile station, and when the
Location of the mobile station is known only at the 



routing area level, a paging message is sent in all cells belonging to the
routing area   s ccr L~~  where the mobile made its last routing area
update. Location areas and routing areas, although generally having
differing purposes, are hereinafter referred to as multicell areas. A cell
can be included in more than multicell area. Two or more multicell areas
that contain such a cell are said to be 5 "overlapping". The use of
overlapping multicell areas can limit the "ping pong" effect at borders
between exchanges (e.g.) as between mobile switching centers (MSCs). The
pint pong effect occurs when a mobile station repeatedly crosses between
two cells which belong to different multicell areas. When the ping-pong
effect is present, the mobile station must update its multicell area with
each such crossing. Moreover, ping to pong effects generate much
undesirable additional signaling within the network, e.g., between MSCs. In
current cellular telecommunications systems, distribution of paging is
handled in a truly hierarchial manner. In this regard, an MSC distributes a
page to a11 RNCs that control cells within the area where the mobile
station is to be paged (e.g., a is location area or a routing area). The
RNCs then send each page request to all base stations transmitting and
receiving radio signals which ( 1 ) are controlled by the RNC; and (2) are
located within the area where the mobile station is to be paged (e.g., a
location area or a routing area). The base stations then send the actual
paging signal over the air interface. ~o Certain paging procedures are
accommodated within the GSM (Global System for Mobile communications). For
example, GSM 09.02 Version 5.8.0, February 1998, GSM MAP specification)
Chapters 6.2.1 - 6.2.2, Paging and Search, cater to the possibility for a
VLR to request paging from an MSC. As ascertained from this specification)
the VLR knows the location area where the mobile station is supposedly zs
located, and forms paging signals which are to be sent to the BSCs.
However, the MSC and the VLR have a one-to-one relationship; i.e., there is
one VLR for each MSC The MSC and VLR are also two differing node types,
representing differing functionality types. GSM also allows for a Serving
GPRS Support Node (SGSN) to receive a ~o paging request from the MSC/VLR.
An SGSN is a type of MSC handling only packet switched services, and has a
different functionality than the MSC/VLR. In the SGSN,   8 C C i ~UU~ 5 the
routing area where the mobile station is located is stored in case the
mobile station is attached to the GPRS service (mentioned above). See GSM
03,60, GPRS Service Description) Chapter 6.3, Interactions Between SGSN and
MSC/VLR. In the Pacific Digital Cellular standard for inter-MSC paging)
appearing in document TTC JJ-70.10, chapter 3.3.1.2 ( 1995), paging
distribution is accomplished by an anchor mobile switching center (ANISC)
from which the terminating call was routed to other MSCs. Thus, this
standard involves the core network in paging distribution (being at the MSC
level), and requires that the core network have knowledge of the cell
topology. 



io It may) in some instances) be desirable to have a telecommunications
network with a strict functional division between a "core network" (to
which the MSC belongs) and the radio access network (which includes the
RNCs). According to this strict functional division, the radio access
network would handle all radio related operations (for example, the
knowledge of which base stations, cells, and channels are is to be used to
obtain radio coverage and capacity within a certain geographical area). In
other words, the core network (specifically including the MSC) would not
have knowledge regarding cell structure, and more specifically would not
know what particular cells form a given location area. In a cellular
network having the strict functional division described above) ~o a problem
would occur when the core network needs to page a mobile station that is
idle. The page should be sent to all cells within the location area.
However) the core network (e.g., the MSC) does not know to which RNCs the
page should be sent. A similar problem can exist for a mobile station
having a packet switched connection. There is no continuously reserved
radio resource for the packet switched 25 connection. Instead) the
connection is maintained by using routing area updating. That is) the
mobile station sends a routing area update message to the network when the
mobile station comes into a new routing area. The identity of the routing
area where the mobile station is currently located is stored in the RNC
which controls the connection to the mobile station, known as the Serving
RNC or SRNC. For limiting the above 3o described ping-pond effect, the
mobile station's routing area may also include cells that are controlled by
RNCs other than the RNC which is currently in control of the packet   " ~ D
C T 20d 6 switched connection to the mobile station (i.e.) other than the
SRNC). The problem arises when the MSC is to send a packet to the mobile
station, and therefore a need to page the mobile station from the base
stations for each cell belonging to the routing area. In other words,
somehow a page needs to be sent by RNCs other than the Serving RNC. Yet,
with strict functional division, the MSC has no knowledge of the plan of
the radio access network and thus no knowledge of which RNCs should be
involved in paging the mobile station. What is needed therefore, and an
object of the present invention, is a technique for paging a mobile station
in a multicell area, particularly when the core io network does not know
from which nodes a paging message should be issued. BRIEF SUMMARY OF THE
INVENTION A radio access network portion of a telecommunications network
which serves a mobile station is connecting to a core network. The radio
access network portion has plural base stations serving respective plural
cells, as well as plural control nodes. The is control nodes include a
first control node for controlling a first group of the plural base
stations and a second control node for controlling a second group of the
plural base stations. In a mufti-group) multicell context, a multicell area
includes cells served by at least some of the first group of base stations
and cells served by at least some of the second group of base stations. The
radio access network portion of a 2o telecommunications network further has
a paging control node which stores information regarding the multicell
area. In one mode of the invention) the multicell area is a location area
comprising plural cells. In this first mode, the core network handles
locating updating and paging initiation for the location area. The location
updating of the first mode occurs, fox as example, between the core network
and the mobile station when the mobile station is idle) and under such
circumstances works essentially the same for both circuit-switched services
and packet-switched services. In another mode of the invention in which the
mobile station subscribes to a packet switched service and updating occurs
during a connection) the multicell area is a   



- ~s o c r 2002  routing area comprising plural cells. The radio access
network handles routing area updating and paging initiation for the routing
area. In either the location area (first) or routing area (second) modes,
when the mobile station is paged in the multicell area, the paging control
node ( I) sends paging messages 5 to each of the base stations serving the
multicell area controlled by the paging control node; and (2) sends a
paging message to any other control nodes which control base stations
serving cells in the multicell area. The paging control node determines to
which base stations and other control node(s) it should send paging
messages by consulting a paging table. When the other control nodes)
receive the paging message, tp those other control nodes) consult a MAP
Native Cell Constituency Table to determine which base stations served
thereby comprises multicell area, i.e., to which base stations the pacing
message should be sent. Preferably the paging control node is one of the
control nodes of the radio access network. The paging control node is
connected to the other control nodes) by an inter t5 control node link. The
paging message is sent from the paging control node to the second control
node over the inter-control node link. A response to the paging message can
trigger a moveover of a serving radio network controller designation from
one RNC node to another RNC node. For example, the paging control node of
the present invention can initiate moveover of a 2o serving radio network
controller to from one RNC node to another RNC node. The moveover of the
serving radio network controller can occur during either the first mode or
the second mode. BRIEF DESCRIPTION OF THE DRAWINGS The foregoing and other
objects, features, and advantages of the invention will 2s be apparent from
the following more particular description of preferred embodiments as
illustrated in the accompanying drawings in which reference characters
refer to the same parts throughout the various views. The drawings are not
necessarily to scale, emphasis instead being placed upon illustrating the
principles of the invention.   ~ o c r zooz s Fig. 1 is a schematic view of
a telecommunications network according to a first mode of the invention
showing e.g., various paging-related events therefor. Fig. lA) Fig. 1B) and
Fig. 1C are schematic views of a telecommunications network respective SRNC
moveover scenarios. s Fig. 2 is a schematic view of a telecommunications
network according to a second mode of the invention showing e.g., various
paging-related events therefor. Fig. 3A is a schematic view of an example
radio network controller (RNC) which operates as a paging control node in
accordance with a mode of the present invention. io Fig. 3B is a schematic
view of an example radio network controller (RNC) which does not operates
as a paging control node but which nevertheless controls cells in a
multicell area for which a paging control node receives a paging message
from a core network. 



Fig. 4A is a diagrammatic view of an example format for a paging message
sent 15 over an Inter-RNC transport link from the radio network controller
of Fig. 3A to the radio network controller of Fig. 3B. Fig. 4B is a
diagrammatic view of an example format for a paging response message sent
over an Inter-RNC transport link from the radio network controller of Fig.
3B to the radio network controller of Fig. 3A. zo Fig. 5 is a flowchart
showing basic steps performed at a paging control node in one illustrative
mode of a paging technique utilized in the network Fig. 1. Fig. 6 is a
flowchart showing basic steps performed at a radio network controller (RNC)
(not serving as a paging control node) in one illustrative mode of the
paging technique of Fig. 5 ?5 Fig. i is a schematic view showing
overlapping and layering of multicell areas.   f~ o c r zco2 9 DETAILED
DESCRIPTION OF THE DRAWINGS In the following description) for purposes of
explanation and not limitation, specific details are set forth such as
particular architectures) interfaces, techniques, etc. in order to provide
a thorough understanding of the present invention. However) it will 5 be
apparent to those skilled in the art that the present invention may be
practiced in other embodiments that depart from these specific details. In
other instances) detailed descriptions of well known devices, circuits, and
methods are omitted so as not to obscure the description of the present
invention with unnecessary detail. Fig. 1 shows a telecommunications
network I S which includes both a core io network and a radio access
network. In Fig. I ) the core network is shown above broken line 20; the
radio access network is shown below line 20. The core network includes
mobile switching center (MSC) 19. As shown in Fig. 1, mobile switching
center (MSC) I9 is connected to one or more control nodes of radio access
network, and particularly to radio network controller 22, (RNC 1 ) and
radio network controller 222 (RNC2). Such t~ connection between mobile
switching center (MSC) 19 and radio network controller (RNC I ) 22 i is
provided by terrestrial link 26, ; the connection between mobile switching
center (MSC) 19 and radio network controller (RNC2) 222 is provided by
terrestrial link 26~. Radio network controller (RNC I ) 22, controls a
first group of base stations 2o comprising the radio access network)
particularly base stations BS~,y. of Fig. 1 for which x = I. The base
stations BS,1Y comprising the first group serve a respective first group of
cells Cx,y for which x = I. Similarly, radio network controller (RNC2) 222
controls a second group of base stations comprising the radio access
network) particularly base stations BSx,Y of Fig. 1 for which x = 2. The
base stations BSZ,y comprising the second z5 group serve a respective first
group of cells Cx,y for which x = 2. Certain cells of Fig. I are included
in what is herein referenced as a "multicell area" or '`MICA". In
particular, the cells C in Fig. 1 having both rising and falling cross
hatching comprise the multicell area. In other words) cells C1,; through C;
,g served by radio network controller (RNC1) 22, and cells C2,0 through
C,,S served by radio network so controller (RNC2) 222 form the multicell
area. Thus) as used herein, a multicell area or MCA is an area comprising
plural cells and requiring service by more than one radio   ` 8 Q C l 2002 



to network controller (RNC) in order for all cells to be served by at least
one RNC. The base stations (BS) of the cells comprising the multicell area
are shown in Fig. 1 as being connected by terrestrial links to the
particular RNC which controls the respective base stations. Although not
illustrated, it should be understood that comparable terrestrial links are
also provided for other base stations not included in the multieell area
but also controlled by these RNCs. The multicell area can be any level of
cell organization superceding that of the basis cell. Examples of a
multicell area are a location area and a routing area, as discussed in more
detail below. to An Inter-RNC transport link 32, also known as the
Inter-RNC /ink) connects radio network controller (RNCI) 22, and radio
network controller (RNC2) 222 Ordinarily, the inter-RNC transport link 32
facilitates) e.g., the inter-RNC softhandovers. In this regard, Inter-RNC
transport link 32 is utilized for the transport of control and data signals
between radio network controller (RNC 1 ) 22, and radio a network
controller (RNC2) 222 Inter-RNC transport link 32 can be either a direct
link or a logical link as described, for example, in International
Application Number PCTIUS94/12419 (International Publication Number WO
95/I5665). The Inter-RNC transport link 32 can go via a transport network
and/or a signalling network and/or the core network. 2o A particular
feature of the present invention is further employment of Inter-RNC
transport link 32 for conveying paging information between RNCs. Such
employment is in addition to other uses of Inter-RNC transport link 32,
such as carrying cell condition information (e.g., from cells which
neighbor the cell where the call is setup) or congestion messages for use
in network decision making (such as call admission and 2s call congestion
control) [see United States Patent Application SN 09I035,788 filed March 6,
1998 and entitled "Telecommunications Inter-Exchange Congestion Control";
United States Patent Application SN 09I035,821 (attorney docket: 2380-44)
filed March 6) 1998 and entitled "Telecommunications Inter-Exchange
Measurement Transfer "; and United States Patent Application SN 09/-,-
(attorney docket: 34648-404 USPT) filed March 6, 1998 and entitled "System
and Method used m a Mobile Telecommunications Network for Load Balancing
Ongoing Calls between Different Base Station", all of which are
incorporated herein by reference].   '" 8 G C 1' 2C02 11 In accordance with
the present invention, the radio access network includes a paging control
node. In the example of the illustrated embodiment herein discussed, the
paging control node is one of the RNCs, particularly radio network
controller (RNC1 ) 22,. As described below in connection with Fig. 3A, the
paging control node of the s present invention includes a paging control
node paging table l00 which is simulated) as hereinafter described, by
TABLE 1 hereof. An example configuration of radio network controller (RNC1
) 22I is shown in Fig. 3A for one particular type of radio access network.
The radio network controller (RNC1 ) 22 i includes a switch 240. S witch
240, which is controlled by RNC control to unit 242) has a plurality of
ports, some of which are connected to diversity handover unit (DHU) 230 and
others of which are connected to various interfaces. Diversity handover
unit (DHU) 230 is connected to a timing unit 241. The RN C control unit
2=12 is connected to each element of RNC 221. RNC 22 1 is connected to a
signaling network via a signaling interface 243. Signaling interface 243 is
connected to RNC control unit is 242. The interfaces connected to ports of
switch 240 include MSC interface unit 244; RNC interface unit 246; and base
station interface units 248. MSC interface unit 24=1 is connected to the
appropriate mobile switching center 19. RNC interface unit 346 is connected
to inter-RNC transport link 32. Base station interface units 248 are
connected to the group of base stations (BS) served by the RNC 22,.   s o c
r zoo2 12 TABLE 1 Name of Number of List of cells Number of multicell cells
inin MCAother RNCsarea (MCA) MCAcontrolledcontrollingcontrolledby
pagingcells in thisby pagingcontrolMCAcontrolnodenode 



List of other Layer of RNCs this MCA controlling cells in this MCA MCA A 6
C1,3; Ci,4; I RNC 222 1 C~a: Ci.b. Ci.r C~.s MCA B .... .... .... .... 1
MCA J .... .... .... .... .... s to is In the example of Fig. 3A, the
paging control node paging table I00 is stored in RNC control unit 242. As
shown in TABLE 1) the paging control node paging table l00 includes a list
of multicell areas) with multicell areas MCA-A through PICA- J being shown
in TABLE 1. TABLE 1 has a column for the name of the multicell area) with
each row of TABLE 1 corresponding to a particular named multicell area. The
second column of TABLE 1 has a value indicative of the number of cells in
MCA controlled by the paging control node; the third column of TABLE 1
includes a list of cells in MICA controlled by the paging control node; the
fourth column of TABLE 1 has a value indicative of the cumber of number of
RNCs (other than the paging control node) which controls cells in the MCA
the fifth column of TABLE 1 includes a list of the other RNCs controlling
cells in this MCA. The sixth column of TABLE 1 identifies the layer to
which the MCA belongs (the concept of "layer" is subsequently discussed
with reference to TABLE 2 and Fig. 7). TABLE 1 shows details only for MCA
A) which is the particular multicell area illustrated in Fig. 1. It should
be understood that detailed information is also typically   "' Q 0 C T 2002
13 included In such table for any other multicell areas for which radio
network controller (RNC 1 ) 221 serves as a paging control node. The
structure of radio network controller (RNC2) 222, i.e.) the RNC of Fig. 1
which in the present example does not serve as the paging control node) is
shown in Fig. s 3B. The structure and configuration of radio network
controller (RNC2) 222 of Fig. 3B is essentially the same as that of radio
network controller (RNC1 ) 221 of Fig. 3A) for which reason identical
reference numerals are employed In Fig. 3A and Fig. 3B for comparable
elements. However, since radio network controller (RNC2) 222 is not a
paging control node, the RNC control unit 242 of radio network controller
(RNC2) 222 io does not include paging control node paging table 100.
Rather, RNC control unit 242 of radio network controller (RNC2) 222 has
another table, herein known as the MAP Native Cell Constituency Table 102.
An example MAP Native Cell Constituency Table 102 is illustrated in TABLE 2
hereof. For the particular example of TABLE Z herein discussed, MAP Native
Cell 15 Constituency Table l02 indicates that radio network controller
(RNC2) 222 is serving four distinct multicell areas, particularly MICA-A)
MCA-B ) MCA-K) and MCA-L. For each MICA, TABLE 2 Lists the identity of the
paging control node (second column of TABLE 2); the number of cells in the
FICA controlled by radio network controller (RNC2) 22, (third column of
TABLE 2); the list of cells in the MCA controlled by radio 2o network
controller (RNC2) 222 (fourth column of TABLE 2); and the layer in which
the MC A resides (fifth column of TABLE 2). It should again be understood
that) although information is provided in TABLE 2 primarily only for
multicell area MCA-A, detailed information is also typically included in
such table for any other multicell areas having cells controlled by radio
network controller (RNC2) 222 25 TABLE 2 



MAP NATIVE CELL CONSTITUENCY TABLE MCA IDENTITY OF NUMBER OF LIST OF LAYER
NAME PAGING CELLS IN CELLS IN OF THIS CONTROL THIS MCA THIS MCA MCA NODE
FOR CONTROLLED CONTROLLED   fl o ~ r 200 I4 THIS MCA B Y THIS RNC B Y THIS
RNC MCA-A RNC 221 6 C,.o; C~.~; C~.=; 1 C,.;; Cz.a; C2.5; ....MCA-B ....
.... .... 1 MCA -K .... ... C,.;; Cz..~; Cz.S; 2 C2.6; C2,7; C2.8 MCA-L
.... .... .... 2 5 io The layer column of Table 2 is explained with
reference to Fig. 7. Fig. 7 shows the four multiceIl areas MCA-A, MCA-B,
MCA-K, and MCA-L served, at least in part, by radio network controller
(RNC2) 222. As shown, MICA-A is partially served by radio network
controller (RNC2) 222 (another portion of MCA-A being served by radio
network controller (RNC 1 ) 22 i ). As set forth in TABLE 2 radio network
controller (RNC2) 22z maintains layers of multicell areas) in particular
level 1 and layer 2 as shown in Fig. 7. In the situation illustrated in
Fig. 7) multicell area MCA-A and multicell area MCA-B are on layer l, while
multicell area MCA-K and multicell area MCA-L are on layer 2. Thus, radio
network controller (RNC2) 22z associates each multicell area with a l~ Zo
layer of multicell areas maintained by radio network controller (RNCZ) 22z.
This layer designation is particularly important in the case of overlapping
multicell areas. ~ Fig. 7 shows that multicell area MCA-A and multicell
area MCA-K overlap in an overlap area OA-Q. The importance of the ! layer
designation stems from the fact that, in the paging message) the mobile
station MS can be identified by a temporary mobile station identifier
(TMSI) with respect to the multiceIl area m which it currently resides. The
assignment of a TMSI for a mobile station MS with respect to a multicell
area is complicated by the fact that another multicell area may use the
same TNISI for another mobile station. In other words, differing multicell
areas may being using the same TMSIs for differing mobiles.   ~ C ~ ~ -2002
15 In view of the foregoing, it should be understood that two mobile
stations with the same TMSI, but belonging to differing multicell areas
(MCA-A and MCA-K)) may be in overlap area OA-Q at the same time. If a
paging message is issued with respect to cells in multicell area MCA-A)
without information more than the TMSI of the paged 



s mobile station) it may occur that both mobile stations would respond.
However, in the present invention, upon receipt of a paging message from
radio network controller (RNC 1 ) ?2 i relative to multicell area MCA-A and
prior to sending the paging message of event 6-3, radio network controller
(RNC2) 22Z determines that multicell area MCAA is in layer 1. Therefore,
radio network controller (RNC2) 222 includes the layer to designation in
the paging message. The other mobile in the overlap area OA-Q, although
recognizing the same TMSI knows from the layer parameter that the paging
message is intended for multicell area MCA-A rather than multicell area
MCA-K, and therefore does not respond. Only the mobile station MS to which
the paging message is intended responds, despite possible double assignment
of TMSI values within the is overlap area OV-Q. _ Thus, in one aspect of
the invention involving multicell areas, each MCA is assigned to a
multicell area (MCA) layer. The assignment of a MCA layer parameter can be
performed by the paging control node. The cells of each RNC involved in the
paging for the multicell area are sent paging messages which contain the
MCA layer ao parameter. For this reason) both TABLE 1 (for radio network
controller (RNCl) 22t) and TABLE 2 (FOR radio network controller (RNC2)
22z) includes MCA layer parameters. Also, the paging messages can include
MCA layer parameters. Insofar as multicell area layers are concerned, the
mobile station MS must also be made aware of which layer it is registered
in or belongs to. Informing the mobile 2s station MS of multicell area
layer can be accomplished in the locating updating and/or routing area
updating procedures. For example, the multicell area layer parameter can be
provided directly in a location registration response message or implicitly
by allowing the mobile station MS and network to select a specific
multicell area (with its corresponding multicell area layer parameter)
which is published as the "registration 3o multicell area" broadcasted in
system information in the cell where the mobile station MS is registering.
~ o c r 200 16 In one scenario of the multicell area layering of the
present invention, a multicell area has the same multicell area layer
parameter for all RNCs having cells belonging to the multicell area. In
another scenario, on the other hand, a multicell area is viewed at
differing RNCs as having a differing multicell area layer parameter. In
this other s scenario) the network publishes all multicell area information
(including multicell area layer parameters) in broadcasted system
information in each cell. When paging the mobile station MS , each cell
paging message contains the multicell area layer parameter of the paged
mobile station MS as published for each specific cell. This other scenario
essentially moves the multicell area layer parameter to a cell level, and
to obviates the MCA layer parameters in TABLE 1 and TABLE 2. An example of
a first mode of operation of the present invention is illustrated with
respect to Fig. 1; an example of operation of a second mode is illustrated
with respect to Fig. 2. In this first mode, the core network handles
locating updating and paging initiation for the location area. The location
updating of the first mode occurs, is for example, between the core network
and the mobile station when the mobile station is idle) and under such
circumstances works essentially the same for both circuitswitched services
and packet-switched services. The second mode of the invention is
applicable when the mobile station has a packet-switched connection) with
the multicell area being a routing area comprising plural cells. In the
second mode, the radio access zo network handles routing area updating and
paging initiation for the routing area. General events involved m both the
first mode and the second mode are generically illustrated in Fig. S and
Fig. 6. Fig. 5 basically shows events performed by radio network controller
(RNC 1 ) 22, (which functions as the paging control node in the illustrated
embodiment), while Fig. 6 basically shows events performed by radio zs
network controller (RNC2) 222 Fig. 5 shows, as event 5-1 I ) the paging
control node, particularly radio network controller (RNCl) 2?,, receiving a
paging message. In the mode of the invention pertaining to location areas,
the paging message for the mobile station is initiated by the core network,
particularly mobile switching center (MSC) 19 in the manner shown by 3e
event 5-1 in Fig. 1. Event 5-1 in Fig. 1 is thus reception of a CN-RAN
paging message, i.e., core network-radio access network paging message. On
the other hand, in the second mode of the invention pertaining to packet
switched services, the page can be  



-- a o c r 2002 17 initiated by a radio network controller, e.g., radio
network controller (RNC1) 22,, as shown by event 5-I' in Fig. 2. Regarding
the CN-RAN paging message of event 5-1 illustrated in Fig. 1) mobile
station MS has previously send a location update or comparable message to
the core 5 network. On the basis of the update, the home location register
(HLR) for the mobile station MS points to the appropriate visiting location
register (VLR). The visiting location register (VLR) knows the current
multicell area MCA-A for the mobile station MS, and forwards this
information to the mobile switching center (MSC) 19. The page to the mobile
switching center (MSC) 19 from the visiting location register (VLR) to
carries the current multicell area MICA-A for the mobile station MS.
Commonly the mobile switching center (MSC) 19 and visiting location
register (VLR) are collocated in the same node (denoted MSC/VLR). Mobile
switching center (MSC) 19 then consults a table to determine which RNC
serves as the paging control node for the multicell area in which mobile
station MS was last located. In the particular example of Fig. 1, such is
paging control node is radio network controller (RNC1 ) 22 i, so that the
paging message of event 5-1 is sent to radio network controller (RNC1 )
221. The paging message of event 5-1 includes an indentifier of the
multicell area in which mobile station MS was last located. Upon receipt of
the event 5-1 paging message, as event 5-? the paging control zo node
(i.e., radio network controller (RNC1) 221) checks its paging table 100 to
determine to which cells controlled by the paging control node a paging
message should be issued. In the example under discussion, the paging
control node checks TABLE 1 to determine which cells controlled by radio
network controller (RNC1 ) 22 i are to be paged. From TABLE 1 the radio
network controller (RNCl) 222 obtains the identify of - 2s such cells,
using the multicell area identifier (MCA-A) to locate the proper row of
TABLE 1. The identity of the cells to which a paging message is to be sent
is gleaned from the third column of TABLE 1. As event 5-3, the paging
control node sends the paging message to the base stations for the cells
belonging to the multicell area which are controlled by the paging control
node. 3o As event 5-4 the paging control node also determines whether the
multicell area identified by the paging message of event 5-1 includes cells
which are controlled by RNCs other than the paging control node. Such is
the case for the example of Fig. 1,   ` g o o r 2002 I8 since radio network
controller (R.NC2) 222 controls the second group of cells (i.e., cells C2,o
through C2,5) comprising multicell area MCA-A. In the case in which the
multicell area identified by the paging message of event 5-1 includes cells
which are controlled by RNCs other than the paging control node, the paging
control node (i.e., radio network controller (RNC1) 22, ) sends a paging
message on Inter-RNC transport link 32 to such other RNCs as event 5-6. An
example format for the paging message sent on Inter-RNC transport link 32
to such other RNCs as event 5-6 is shown in Fig. 4A. The paging message of
event 5-6 includes a header 4A-1 which identifies the node to which the
paging message is to destined) e.g., radio network controller (RNC2) 222 In
addition, the paging message of event 5-6 specifies (as field 4A-2) the
identity of paging control node from which the paging message originated,
as well (as field 4A-3) an identification of the multicell area far which
the page is issued. In addition, the paging message of event 5-6 includes
typical paging information (indicated by field 4A-4) including the identity
of the mobile i5 station MS being paged. In the situation of layering of
multicell areas as above discussed with respect to Fig. 7, the paging
message of Fig. 4A can also include a field 4A-5 specifying the multicell
area layer parameter (as assigned, e.g., by the paging control node). Event
5-5 shows the paging control node awaiting a paging response. The 2o paging
response may come from one of the cells controlled by radio network
controller (RNC I ) 221 in response to the paging messages) sent at event
5-3. Alternatively) as described in more detail in connection with Fig. 6)
the paging control node may receive the paging response over Inter-RIVC
transport link 32 from another RNC, e.g., radio 



-- network controller (RNC2) 222 in response to the paging message sent as
event 5-6. It 2s should be understood that reception of a paging response
can occur at any time after event 5-3, and that a time out period is
preferably established within which a paging response message must be
received. Fig. 6 shoes events performed by the other RNC, e.g., the radio
network controller (RNC2) 222 upon receipt of the paging message of event
5-6 of Fig. 5. The 3o paging message of event 5-6, also known as the
Inter-RNC paging message, is received over Inter-RNC transport link 3?.
Upon receiving the paging message of event 5-6 over   n o c T Zoo2 19
Inter-RNC transport link 32 (event 6-1 ), as event 6-2 the radio network
controller (RNC2) 22, consults its MAP Native Cell Constituency Table 102
(see Fig. 3B and TABLE 2). The check of event 6-2 is for determining what
cells controlled by radio network controller (RNC2) 222 belong to the
multicell area identified by the paging message of event 5-6. After the
check of event 6-2, as event 6-3 the radio network controller (RNC2) 222
sends the paging message to the cells controlled thereby in such multicell
area as a RNC-BS paging message. As shown in Fig. 1, it so happens that
mobile station MS resides in cell C2,o at the time that the paging messages
of event 6-3 are transmitted. The mobile station MS to in cell C2,o
receives a page over the interface from base station BS2.o. In response to
the page message received over the air interface, mobile station IVIS
returns over the air interface to base station BS2,o a paging response
message (MS-BS paging response message). As shown by event 6-4, base
station BS2,o forwards the paging response message (BS-RNC paging response
message) to radio network controller (RNC2) 22,. t5 Upon receipt of the
paging response message of event 6-4, as event 6-5 the radio network
controller (RNC2) 222 sends a paging response message (Inter-RNC paging
response message) over Inter-RNC transport link 32 to the paging control
node, i.e., to radio network controller (RNC 1 ) 221 . Upon receipt of the
paging response message of event 6-5) the radio network controller (RNC 1 )
2'' 1 functions to make the connection zo between the calling party from
the core network and mobile station MS. An example format for the paging
response message sent on Inter-RNC transport link 32 from radio network
controller (RNC2) 222 to radio network controller (RNC 1 ) 22, as event 6-5
is shown in Fig. 4B. The paging response message of event 6-5 includes a
header 4B-1 which identifies the node to which the paging response message
2s -is-destined, e.g., radio network controller (RNC 1 ) 22, . In addition,
the paging response message of event 6-5 specifies (as field 4B-2) the
identity of paging control node from which the paging response message
originated, as well (as field 4B-3) an identification of the multicell area
for which the page was issued. In addition) the paging response message of
event 6-5 Includes (as field 4B-4) typical paging response information 3o
including the identity of the mobile station being page. In the situation
of layering of multicell areas as above discussed with respect to Fig. 7,
the paging response message of Fig. 4B can also Include a field 4B-5
specifying the multicell area layer parameter.   - 8 0 C T 2002 20 In Fig.
5, for sake of simplicity, events 5-6 has been shown to occur subsequent to
earlier numbered events such as event 5-3. Such need not necessarily be the
case, however) as the events occurring with respect to the cells controlled
by RNC 22Z can be timed to occur in another manner) such as essentially
contemporaneously with the 5 paging in the cells controlled by RNC22,, for
example. In the foregoing description) the mobile switching center (MSC) ?2
need only store the address of one RNC for each location area, which is the
paging control node for that location area. Preferably such paging control
node RNC has cells within that location area. The page is then sent to the
paging control node) which has the knowledge (via paging control node
paging table l00) of ( I ) which cells under its control are part of the
location area) and (2) which other RNCs (if any) have cells within that
location area. Thus, the paging control RNC, which received the paging
message from mobile switching center (MSC) 22, distributes the page to ( 1
) all base stations under its control corresponding to cells in the
location area and over Inter-RNC t5 transport link 32 to (2) all other RNCs
that have cells within the location area. Each of the other RNCs know which
cells under their control are part of the location area (see e.g., MAP
Native Cell Constituency Table 102). These other RNCs distribute the paging
message to cells which they control which are part of the location area. In
context of a packet switched connection, a page can be initiated by an RNC,
2o e. g., as shown by radio network controller (RNC 1 ) 221 and event 5-1'
in Fig. 2. In this second mode of the invention, the multicell area can be
a routing area. In other respects, events of the second mode in Fig. 2 are
essentially the same as above described with respect to the first mode and
Fig. 1. 



- In general) for each mobile station MS having a connection to the radio
access 25 network) there is an RNC which serves as a Serving RNC (SRNC).
The Serving RNC (SRNC) handles the connection between the mobile station MS
and the radio access network as well as the connection to the core network.
The SRNC stores the location of the mobile station MS, and in the case of a
packet-switched connection, particularly stores the routing area of the
mobile station MS 3o The present invention also involves, for both the mode
of Fig. 1 and Fig. 2, initiation of a SRNC moveover procedure in connection
with the paging. Three   - 8 0 C T 2002 21 differing scenarios of SRNC
moveover procedure are illustrated with respect to Fig. IA) Fig. 1B) and
Fig. IC, respectively. Each of the three scenarios of SRNC moveover follow
(e.g., occur subsequently) various events described in Fig. 5 and Fig. 6.
In this regard) in the general manner of s Fig. 5 the paging control node
(e.g., a SRNC) sends the page request to all RNCs that have cells within
the routing area) including the base stations controlled by the SRNC that
initiated the page. The page utilizes the Inter-RNC transport Link 32. The
other RNCs then distribute the page to the cells) as in the manner
described in connection with Fig. 6. In the three scenarios of SRNC
moveover illustrated, radio network to controller (RNC1) 22 i is the
Serving RNC (SRNC) for the particular mobile station NIS. Both radio
network controller (RNC1) 22, and radio network controller (RNC2) 222
distribute base station paging messages to all base stations corresponding
to cells in the routing area. The base stations further send paging
messages on the paging channels over the air interface to the respective
cells. The mobile station MS answers in one of is the cells. Upon
answering, a paging response message is received at an RNC. In the three
SRNC moveover scenarios, it is assumed that the RNC which receives the
paging response from the mobile station MS is other than the SRNC (i.e.,
the RNC which initiated the paging distribution). In the first scenario of
SRNC moveover illustrated in Fig. IA, radio network 2o controller (RNC 1 )
22, initiates moveover of the Serving RNC (S RNC) functionality (e.g.,
handling of the connection between the mobile station MS and the radio
access network as well as the connection to the core network). That is, the
Serving RNC (SRNC), e.g.) radio network controller (RNC 1 ) 22, (also
serving as the paging control node) has-determined from event 6.-5 that
another RNC (e.g., radio network controller 2s (RNC2) 222 ) has received
the paging response message from mobile station MS. Upon completion of the
SRNC moveover, that radio network controller (RNC2) 222 [rather than radio
network controller (RNC 1 ) 22 i ] is considered as the Serving RNC (SRNC)
for the mobile station MS. In the scenario of Fig. lA, the paging response
message is be sent back over Inter-RNC transport Link 32 to the SRNC (i.e.,
radio network so controller (RNCI) 221 as event 6-5 in the manner
previously described.   $ 0 C T 2002 ~2 In the SRNC moveover scenario of
Fig. IA) after event 6-5 the paging control node (radio network controller
(RNC t ) 22,) sends an SRNC moveover request message via mobile switching
center (MSC) I9 to the core network) as indicated by event IA-1. The SRNC
moveover request message of event lA-I indicates both the identity of the
mobile station MS) as well as the address of the RNC which will serve as
the new Serving RNC (SRNC) for the mobile station MS (e.g., radio network
controller (RNC2) 22.,), 



Upon receipt of the S RNC moveover request t message of event 1A-1, the
core network contacts the new Serving RNC (SRNC) [e.g., radio network
controller (RNC2) to 222] as event lA-2. In response to the contact of
event LA-2, radio network controller (RNC2) 222 can send the paging
response message from mobile station MS directly to the core network as
shown by event 1 A-3. The connection between the core network and the new
Serving RNC (SRNC) (i.e.) radio network controller (RNC2) 222 ) is thus
established. i~ In the foregoing first SRNC moveover scenario) it should be
understood that the SRNC moveover request message sent from radio network
controller (RNC1) 22, to the core network can include, or be accompanied
by, the paging response message from the mobile station MS (since the
paging response message was received by radio network controller (RNC I )
22, over Inter-RNC transport link 32 as event 5-6). ~o In the second SRN C
moveover scenario, the RNC which received the paging response message from
the mobile station MS, i.e., radio network controller (RNC2) 222 sends the
paging response message directly to the core network (i.e., to MSC 19) as
event 1B-1 without involving the paging control node (i.e.) radio network
controller (RNC 1) 22 i). T-hus) in the second SRNC moveover scenario.
event 6-5 does not occur. 2s Rather, forwarding of the paging response
message from radio network controller (RNC2) 222 to the core network
prompts the core network to change to radio network controller (RNC2} 22,
as the SRNC for the mobile station. When the former SRNC (i.e., radio
network controller (RNC 1 ) 22, times out after sending the paging message
with no response), so that no further activity is conducted at radio
network controller 30 (RNC 1 ) 22, regarding the paging of mobile station
MS.   ~ o c r zooz 23 In the third SRNC moveover scenario (see Fig. 1 C)
resembles the second scenario) with the RNC which received the paging
response message from the mobile station MS sending the paging response
message directly to the core network (i.e., to MSC 19) as event IB-I
without involving the paging control node (i.e., radio network controller
(RNC 1 ) 221). In addition, in the third SRNC moveover scenario of Fig. 1 C
the new SRNC (i.e., radio network controller (RNC2) 22Z) sends an advisory
message to the paging control node (i.e.) the former SRNC, radio network
controller (RNC 1 ) 221) informing that the mobile station MS has
responded. Although the foregoing three scenarios of SRNC moveover have
been described i o only in the context of the first mode (which involves
location area), it should be understood that the three scenarios are
equally applicable to the second mode (which involves routing area). In the
second mode, the paging is initiated by the RAN (as above described
relative to event 5-1' of Fig. 2) rather than by the core network.
Moreover) in the second mode of the invention, the paging response is not
returned to t5 the core network as in the case of the first mode. It should
be understood that SRNC moveover can be prompted far reasons other than
those described above. For example, SRNC moveover may be initiated for
reasons such as routing area updating) cell updating, and diversity
handling, .e.g.) soft handover (macrodiversity splitting/combining) [see
United States Patent Application SN 2o O8/980,013 filed November 26, 1997
and entitled "Diversity Handling Moveover for CDMA Mobile
Telecommunications", which is incorporated herein by reference]. The
present invention allows for location areas and routing areas to cover more
than one RNC. Moreover, advantageously, the core network need not know the
internal configuration of the radio access network respecting location area
or routing area, 25 thereby permitting strict functional division between
the core network and the radio access network. In other words, the paging
distribution of the present invention is accomplished totally within the
radio access network, and thus is hidden from the core network. Moreover.
overlapping location areas and routing areas (as described in Fig. 7) ;o
are possible) with the such overlapping topology being hidden from and not
affecting the core network. Thus, overlapping multicell areas can be
introduced in the radio   a a c ~ 2ooz 24 access network without
significantly affecting the core network. In this regard, for a GSM-based
core network) this is particularly advantageous since only minor
modifications are needed in the core network. 



The foregoing has described a radio access network having two RNCs, with
each s RNC controlling nine base stations, and with a multicell area
comprising twelve cells (six of which are controlled by radio network
controller (RNC 1 ) 221 and six of which are controlled by radio network
controller (RNC2) 222). It should be understood that the foregoing network
topology is merely one example, and that other network topologies are
encompassed by the present invention. In this regard, the parameters of to
the foregoing are not critical. For example) the number of RNCs can vary,
as well as the number of base stations controlled by each RNC. Furthermore)
the number of cells comprising the multicell area will vary for each
implementation, as well as the association of constituent cells of the
multicell area to RNCs. It should readily be recognized that an multicell
area may be served by more than two RNCs) in which case is the paging
control node (e.g., radio network controller (RNC 1 ) 221 in the
illustrated example) will send the paging message of event S-6 to such
other RNCs as well. In the illustrated embodiment, the paging control node
was selected to be one of the RNCs, particularly radio network controller
(RNC 1 ) 22, . The person skilled in the art should understand that the
paging control node can instead be another RNC) or even 2o yet a non-RNC
node. For example, the paging control node may be a specialized node which
serves one of the RNCs of radio access network. Further, the paging control
node may serve several RNCs. It should also be understood that the
configuration of radio network controller (RNC 1 ) 221 as shown in-Fig. 3
is but one illustrative example, and that other 2s configurations can be
utilized consistently with the present invention. Moreover, whereas in Fig.
3 paging control node paging table l00 has been included in RNC control
unit 242, it should be appreciated that paging control node paging table
100 can be situated elsewhere. While the invention has been described m
connection with what is presently 3o considered to be the most practical
and preferred embodiment, it is to be understood that the invention is not
to be limited to the disclosed embodiment, but on the contrary)   . J. ' .
. ; r, . . . . .~ , . :~ . `s;.~ist~.:~' _c,~,..i
;taSN.i-~c~~if::.J~~i'a"'~~,`~ . 0 C 1' 200 25 is intended to cover various
modifications and equivalent arrangements included within the spirit and
scope of the appended claims.   - 8 0 C T 2002 26 WHAT IS CLAIMED IS: A
radio access network portion of a telecommunications network, the radio
access network being connecting to a core network and serving a mobile
station, the radio access network portion comprising: 



plural base stations serving respective plural cells; plural control nodes
including a first control node for controlling a first group of the plural
base stations and a second control node for controlling a second group of
the plural base stations; wherein a multicell area includes cells served by
at least some of the first group of base stations and cells served by at
least some of the second group of base stations; a paging control node
included in the radio access network portion, the paging control node
storing information regarding the multicell area, but the core network not
knowing how the multicell area is defined, whereby, when the mobile station
is to be paged in the multicell area, the paging control node uses the
information regarding the multicell area to send a paging message to base
stations serving cells in the multicell area. 2. The network of claim 1,
wherein the control node to which the paging control node sends a paging
message stores a list of cells controlled thereby and which are included in
the multicell area. 3. The network of claim 1, wherein the paging control
node is one of the control nodes. 4. The network of claim l, wherein the
first control node and the second control node are connected by an
inter-control node link, and wherein the paging message is sent from the
first control node to the second control node over the inter-control node
link. 5. The network of claim 1, wherein a page of the mobile station is
initiated by the core network and wherein the multicell area is a location
area comprising plural cells.   $ Q C T 2002 27 6. The network of claim t,
wherein a page of the mobile station is from the core network and is
initiated by a mobile switching center, and wherein the page includes an
indication of the multicell area for the mobile station. 7. The apparatus
of claim 1, wherein the first control node is the paging control node, and
wherein the paging control node sends the paging message to those base
stations which are included in the first group and which serve cells in the
multicell area. 8. A radio access network portion of a telecommunications
network, the radio access network being connecting to a core network and
serving a mobile station, the radio access network portion comprising:
plural base stations serving respective plural cells; 



plural control nodes including a first control mode for controlling a first
group of the plural base stations and a second control node for controlling
a second group of the plural base stations, one of the plural control nodes
serving as a paging control node; wherein a multicell area includes cells
served by at least some of the first group of base stations and cells
served by at least some of the second group of base stations; wherein the
paging control node stores information regarding the multicell area
whereby, when the mobile station is paged in the multicell area, the paging
control node sends a paging message to another of the control nodes which
controls base stations serving cells in the multicell area; wherein the
another control node sends a paging message transmits to at least portions
of plural multicell areas, wherein each of the plural multicell areas is
assigned a layer parameter, and wherein the layer parameter is transmitted
with the paging message to the cells controlled by the another control
node. 9. The network of claim 8, wherein the layer parameter is assigned to
a multicell area by the paging control node, wherein the first control node
and the second control node are connected by an inter-control node link,
and wherein the layer parameter is transmitted over the inter-control node
link. I0. A radio access network portion of a telecommunications network,
the radio access network being connecting to a core network and serving a
mobile station, the radio access network portion comprising:   8 0 C T 2002
28 plural base stations serving respective plural cells; plural control
nodes including a first control node for controlling a first group of the
plural base stations and a second control node for controlling a second
group of the plural base stations, one of the plural control nodes serving
as a paging control node; wherein a multicell area includes cells served by
at least some of the first group of base stations and cells served by at
least some of the second group of base stations; wherein the paging control
node stores information regarding the multicell area whereby, when the
mobile station is paged in the multicell area, the paging control node
sends a paging message to at least one of the control nodes which controls
base stations serving cells in the multicell area; wherein the mobile
station subscribes to a packet switched service, wherein a page of the
mobile station is initiated by the radio access network, and wherein the
multicell area is a routing area. 11. A radio access network portion of a
telecommunications network, the radio access network being connecting to a
core network and serving a mobile station, the radio access network portion
comprising: plural base stations serving respective plural cells; a first
radio network control node for controlling a first group of the plural base
stations; a second radio network control node for controlling a second
group of the plural 



base stations; wherein a multicell area includes cells served by at least
some of the first group of base stations and cells served by at least some
of the second group of base stations; wherein, to page the mobile station
in the multicell area, the first radio network control node uses
information regarding definition of the multicell area to issue a paging
message ( 1 ) to those base stations in the first group belonging to the
multicell area and (2) to the second radio network control node; the
information regarding the definition of the multicell area being stored at
the first radio network control node but not known to the core network. 12.
The network of claim 11, wherein the first radio network control node and
the second radio network control node are connected by an inter-radio
network control node link, and wherein the paging message is sent from the
first radio network control   ~ G ~ r 2002 29 node to the second radio
network control node over the inter-radio network control node link. 13.
The network of claim 11, wherein a page of the mobile station is initiated
by the core network and wherein the multicell area is a location area
comprising plural cells. 14. The network of claim 11, wherein a page of the
mobile station is from the core network and is initiated by a mobile
switching center, and wherein the page includes an indication of the
multicell area for the mobile station. 15. A radio access network portion
of a telecommunications network, the radio access network being connecting
to a core network and serving a mobile station, the radio access network
portion comprising: plural base stations serving respective plural cells; a
first radio network control node for controlling a first group of the
plural base stations; a second radio network control node for controlling a
second group of the plural 



base stations; wherein a multicell area includes cells served by at least
some of the first group of base stations and cells served by at least some
of the second group of base stations; wherein, to page the mobile station
in the multicell area, the first radio network control node issues a paging
message ( 1 ) to those base stations in the first group belonging to the
multicell area and (2) to the second radio network control node; wherein
the second radio network control node maintains a list of cells controlled
thereby and which are included in the multicell area, and wherein the
second radio network control node sends a paging message to the cells on
the list. 16. A radio access network portion of a telecommunications
network, the radio access network being connecting to a core network and
serving a mobile station, the radio access network portion comprising:
plural base stations serving respective plural cells; a first radio network
control node for controlling a first group of the plural base stations;   ~
OCR' 200?_ 30 a second radio network control node for controlling a second
group of the plural base stations; wherein a multicell area includes cells
served by at least some of the first group of base stations and cells
served by at least some of the second group of base stations; wherein, to
page the mobile station in the multicell area, the first radio network
control node issues a paging message ( 1 ) to those base stations in the
first group belonging to the multicell area and (2) to the second radio
network control node; wherein the second radio network control node sends a
paging message transmits to at least portions of plural multicell areas,
wherein each of the plural multicell areas is assigned a layer parameter,
and wherein the layer parameter transmitted with the paging message to the
cells controlled by the second radio network control node. 17. A radio
access network portion of a telecommunications network, the radio access
network being connecting to a core network and serving a mobile station,
the radio access network portion comprising: plural base stations serving
respective plural cells; 



a first radio network control node for controlling a first group of the
plural base stations; a second radio network control node for controlling a
second group of the plural base stations; wherein a multicell area includes
cells served by at least some of the first group of base stations and cells
served by at least some of the second group of base stations; wherein, to
page the mobile station in the multicell area, the first radio network
control node issues a paging message ( 1 ) to those base stations in the
first group belonging to the multicell area and (2) to the second radio
network control node; wherein the mobile station subscribes to a packet
switched service, wherein a page of the mobile station is initiated by the
radio access network, and wherein the multicell area is a routing area. 18.
The network of claim 17, wherein the core network does not know how the
multicell area is defined.   D ~ T' 2002 31 19. A radio access network
portion of a telecommunications network, the radio access network being
connecting to a core network and serving a mobile station, the radio access
network portion comprising: plural base stations serving respective plural
cells; a first radio network control node for controlling a first group of
the plural base stations; a second radio network control node for
controlling a second group of the plural base stations; wherein a multicell
area includes cells served by at least some of the first group of base
stations and cells served by at least some of the second group of base
stations; 



wherein, to page the mobile station in the multicell area, the first radio
network control node issues a paging mess age ( 1 ) to those base stations
in the first group belonging to the multicell area and (2) to the second
radio network control node; wherein when a paging response message
responsive to the paging message is received from the second radio network
control node, the first radio network control node issues a moveover
request message to the core network for changing control of the connection
with the mobile station from the first radio network control node to the
second radio network control node. 20. The network of claim 19, wherein
after the core network changes control of the connection with the mobile
station from the first radio network control node to the second radio
network control node, the second radio network control node sends the
paging response message to the core network. 21. A method of operating a
telecommunications network which comprises a radio access network being
connected to a core network, the radio access network including plural base
stations serving respective plural cells and plural control nodes including
a first control node for controlling a first group of the plural base
stations and a second control node for controlling a second group of the
plural base stations; the method comprising: defining a multicell area to
include cells served by at least some of the first group of base stations
and cells served by at least some of the second group of base stations   s
o c r 2002 32 the first control node using information regarding definition
of the multicell area to issue a paging message ( 1 ) to those base
stations in the first group belonging to the multicell area and (2) to the
second control node; the information regarding the definition of the
multicell area being stored at the first control node but not known to the
core network. 22. The method of claim 21, further comprising: storing at
the second control node a list of cells controlled thereby and which are
included in the multicell area; transmitting the paging message from the
second control node to base stations 



serving the cells on the list. 23. The method of claim 21, wherein the
first control node and the second control node are connected by an
inter-control node link, and wherein the paging message is sent from the
first control node to the second control node over the inter control node
link. 24. The method of claim 21, further comprising initiating a page of
the mobile station by the core network, and wherein the multicell area is a
location area comprising plural cells. 25. A method of operating a
telecommunications network which comprises a radio access network being
connected to a core network, the radio access network including plural base
stations serving respective plural cells and plural control nodes including
a first control node for controlling a first group of the plural base
stations and a second control node for controlling a second group of the
plural base stations:_ the method comprising: receiving a paging request
message at whichever of the first control node and the second control node
serves as a paging control node of the radio access network, the paging
request message referring to a first multicell area, the first multicell
area including cells served by at least some of a first group of base
stations and cells served by at least some of a second group of base
stations;   ` 8 0 C i 2002 33 using the paging control node to send a
paging message to at least the other of the first control node and the
second control node which does not serve as the paging control node;
storing at the control node to which the paging control node sends a paging
message a list of cells controlled thereby and which are included in the
first multicell area; the control node to which the paging control node
sends the paging message transmitting to at least portions of plural
multicell areas including the first multicell area; assigning to each of
the plural multicell areas a layer parameter, and transmitting the paging
message from the control node to which the paging control node sends the
paging message to base stations serving the cells on the list; and
transmitting the layer parameter with the paging message to the base
stations serving the cells on the list. 26. A method of operating a
telecommunications network which comprises a 



radio access network being connected to a core network, the radio access
network including plural base stations serving respective plural cells and
plural control nodes including a first control node for controlling a first
group of the plural base stations and a second control node for controlling
a second group of the plural base stations; the method comprising:
receiving a paging request message at a paging control node of the radio
access network, the paging request message referring to a multicell area,
the multicell area including cells served by at least some of a first group
of base stations and cells served by at least some of a second group of
base stations; using the paging control node to send a paging message to at
least one of the _ control nodes which controls base stations serving cells
in the multicell area; wherein the mobile station subscribes to a packet
switched service, and wherein a page of the mobile station is initiated by
the radio access network, and wherein the multicell area is a routing area.
27. The method of claim 26, wherein the core network does not know how the
multicell area is defined.   d 0 C T 2002 34 28. A method of operating a
telecommunications network which comprises a radio access network being
connected to a core network, the radio access network including plural base
stations serving respective plural cells and plural control nodes including
a first control node for controlling a first group of the plural base
stations and a second control node for controlling a second group of the
plural base stations; the method comprising: receiving a paging request
message at a paging control node of the radio access network, the paging
request message referring to a multicell area, the multicell area including
cells served by at least some of a first group of base stations and cells
served by at least some of a second group of base stations; using the
paging control node to send a paging message to at least one of the control
nodes which controls base stations serving cells in the multicell area;
initiating the paging request message from the core network, and including
in the paging request message an indication of the multicell area for the
mobile station. 29. A method of operating a telecommunications network
which comprises a radio access network being connected to a core network,
the radio access network including plural base stations serving respective
plural cells and plural control nodes including a first control node for
controlling a first group of the plural base stations and a second control
node for controlling a second group of the plural base stations; the method
comprising: receiving a paging request message at a paging control node of
the radio access network, the paging request message referring to a
multicell area, the multicell area including cells served by at least some
of a first group of base stations and cells served by at least some of a
second group of base stations; using the paging control node to send a
paging message to at least one of the 



control nodes which controls base stations serving cells in the multicell
area; returning a paging response message from the at least one of the
control nodes to the paging control node; when the paging response message
is received, issuing from the paging control node a moveover request
message to the core network for changing control of the connection with the
mobile station from the paging control node to the one of the at least one
of the control nodes to which the mobile station responded.   - 8 0 C T
2002 35 30. The method of claim 29, wherein after the core network changes
control of the connection with the mobile station, the one of the at least
one of the control nodes to which the mobile station responded sends the
paging response message to the core network. 31. A method of operating a
telecommunications network which comprises a radio access network being
connected to a core network, the radio access network including plural base
stations serving respective plural cells and plural control nodes including
a first control node for controlling a first group of the plural base
stations and a second control node for controlling a second group of the
plural base stations; one of the plural control nodes initially handling a
connection between the core network and a mobile station engaged in a
packet switched service, the method comprising: receiving a paging request
message for the mobile station at a paging control node of the radio access
network, the paging request message referring to a multicell area, the
multicell area including cells served by at least some of a first group of
base stations and cells served by at least some of a second group of base
stations; using the paging control node to send a paging message to at
least one of the control nodes which controls base stations serving cells
in the multicell area; and upon receiving a paging response message from
the mobile station) initiating at the paging control node a request to move
handling of the connection between the core network and a mobile station to
another control node. 32. The method of claim 31, wherein after the core
network moves control of the connection with the mobile station, the
control node newly handling the connection sends the paging response
message to the core network. 33. A method of operating a radio access
network portion of a telecommunications network, the radio access network
being connecting to a core network and serving a mobile station, the radio
access network portion comprising plural base stations serving respective
plural cells and a radio network control node for controlling the plural
base stations, the method comprising: defining, with respect to the plural
cells, a first multicell area and a second multicell area;   ~ C~ C ~T 2002
36 associating, at the radio network control node) a first layer parameter
with the first multicell area and a second layer parameter with the second
multicell area; sending from the radio network control node a paging
message with respect to a paged mobile station, the paging message
including both a mobile station identifier and a layer parameter
appropriate for the mobile station. 34. A radio access network portion of a
telecommunications network, the radio access network being connecting to a
core network and serving a mobile station, the radio access network portion
comprising: 



plural base stations serving respective plural cells; a first radio network
control node for controlling a first group of the plural base stations; a
second radio network control node for controlling a second group of the
plural base stations; wherein a first multicell area includes cells served
by at least some of the first group of base stations and cells served by at
least some of the second group of base stations; wherein a second multicell
area includes cells served by the second group of base stations; wherein,
to page the mobile station in the multicell area, the first radio network
control node issues a paging message including a temporary mobile station
identifier (TMSI] ( 1 ) to those base stations in the first group belonging
to the multicell area and (2) to the second radio network control node; and
wherein, the second radio network control node assigns to each of the
plural multicell areas a multicell area layer parameter, and wherein the
multicell area layer parameter is transmitted with the paging message to
the cells on the list. .A[SY.A{%.AYY.As.AH.As!y2.A.A
R.A,9.A.AY.A.A.AyS.AlR.A3.Al(.AR.AY2.AL.AL.Af3y.Al.A&.AY4.AY9.A`.AA,.A.A`Y.
AUl,.A..A[ .A. .A]3.A?@KZ[*k4 D E
%}(46Rv6}xsnid_Z]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]cRa]c a]ca]c
a]ca]cRa!!%""I$&$''''(()t*4--{..~1113344799K:}xsmhc^Y]ca]ca]ca]ca]c^a]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]c*a!K:M:P:[:\::>E?@ABBBC`CCCuDEE
FFGH[HIkIyI{IIKLNJQ{vqkfa\W]ca]ca]ca]ca]c^a]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c"a]c*a]ca]c^a]ca]ca]ca]ca]ca]c
aU]c a]c
a!JQ[SjSmSDUVX]*]-]{]_XbbAcNcYcc#dfddddddhiiii+j#mGmq}xsnid_Z]c]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*a]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca!qqqqqr/rAr\rrrrrrCuYuuuuxxxxxp}}yd|wrmhc^Y]]ca]ca]ca]ca]ca]c*
a]ca]ca]ca]ca]ca]caU]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
c*a]ca]ca!dfbp{W)8;
]}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c*a]ca]ca]ca]ca]ca
]ca]ca]c*a]ca]ca]ca]ca]ca]ca]c(a]ca]ca!%@1CmX\Zgj:*G WY}xrmgb\W]c aU]c a]c
aU]c a]c aU]c a]c
a]ca]ca]ca]ca]ca]ca]ca]c*a]ca]ca]ca]ca]ca]ca]c,a]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca!Ydg^6KROUeHBS|wrmhc^Y]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c^a]ca]ca]ca]ca]ca!0~DJ07ANj'*6hoy}xsni
d_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!,n1@?556G_}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!
&-7C>S 



< I L  .;
[}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c,a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca!v*.7/@H nL
}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca! A!!"I#/$}$$%8%%t&&&',{-U/d/g/
00511<2F222X335}xsni}xsnid_Z]]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca@KZ[fG@&10%4|&'()-9'S
10%4|&'()- G10%4|&'()-sf
10%4|&'()-z@`10%4|&'()-910%4|&'()-[,*kz[<3%10%4|&'()-`#10%4|&'()-s!F
10%4|&'()-!`!10%'-'-&'()- !h`!10%,|,|&'()- !!10%&'()- kF1 2 3 zXJ< 10,,
10,,!`/"10%,,&'()- !`/"10%0|0|&'()- !/"10%4|4|&'()- !3+
10%4|4|&'()-@)s10%4|&'()-3 4 D 



E    uS1!`"10%--&'()-!"10%::&'()-  y@10%:&'()-Y
M10%:&'()-S&10%:&'()-@&10%:&'()-  10,,
%zX91!-s10%:&'()-!&"10%@@&'()-!`&Z"10%22&'()-!&Z"10%2m2m&'()- 10%:&'()-!
`"10%--&'()-%}%&'(46{Y:!`s10%H&'()-!'Y10%HH&'()- 10: 10:
10:L910%:&'()-T!`,/"10%66&'()-t!,/"10%::&'()-t6Rv^<{Y:!!`&!10%((&'()- !
`&!10%HH&'()- !&!10%HH&'()- , 10%H&'()-Y 10%H&'()-@l S 10%H&'()-Tvn6zX9.:
10Hs9 10%H&'()-!`&"10%HH&'()-!`&"10%HH&'()-!`&"10%HH&'()-!&"10%HH&'()-3
Y%`10%H&'()-jK: 10Hs9 10%10%&'()-- 



10%&'()- 10%&'()-10%&'()-!'10%ii&'()-Y 10H 10Ht!!%""I$%}[9K:
10H!s)"10%&'()-s! `!!10%qq&'()-sy10%&'()-S
10%&'()-!`G"10%vv&'()-`!cG"10%vv&'()-`%&$'''''''rP1
1s9s10%\&'()-!s'10%\\&'()-Z 10 10 10!s`9!10%&'()-y
7&10%&'()-!`s)"10%&'()-s'(()t*,4-a?rP1
1s9s!`&ym"10%\\&'()-`!&ym"10%\\&'()-`z 10%\&'()-Y 10%\&'()-@ ,10%\&'()-@
10%\&'()-S4--{..t/0{1|1}[9+1 10\\!` 1"10%\\&'()- !` 1"10%\\&'()- !
1"10%mm&'()-   /`10%\&'()-!*!10%\\&'()-3 (10%\&'()-|1}1~111334gE1 10\\!` !
10%&'()-f 310%&'()-  10%&'()-&s10%&'()-'y10%&'()- 



10\\ 10\\445X7789zX6E1 10\\!`sF."10%&'()-!sF."10%ee&'()-!`"10%&'()-
!%`"10%&'()- !"10%&'()- 10%&'()- 99H:I:J:K:[:\::bC0\\!`sF.@
310%H&'()-f`s10%H&'()-&10%H&'()-3 10 10 10y9z 10%&'()-,8F10%&'()-:;
;=>>E?/@wU3bC0!Y%m"10%&'()-!`9L"10%ff&'()-!9L"10%HH&'()-!`9"10%HH&'()-
!q`9"10%hh&'()- !9"10%HH&'()- /@@AABBBBzl^PC0!Y%m"10%&' 10 10
10!`2"10%&'()-!2"10%<<&'()-@0S10%H&'()-
!`Y%m"10%HH&'()-BBBC`CCCaBPC0!Y%m"1z10%'o&'()-  10%'o&'()-,10%'o&'()- l
10%'o&'()-`s10%'o&'()-!' 10%oo&'()-CuDEE FFGzX6PC0!!,)
10%'o'o&'()-!{#F"10%'o'o&'()-! "10%oo&'()-10%'o&'()-!s10%'o'o&'()-y!Ysy
10%oo&'()-fGH[HIhIiIjIkIyIuj_=0!!!&,10%55&'()-  10'o 10'o 



10'oy8 "10%'o&'()-!2 10%'o'o&'()-0Y10%'o&'()- .!10%'o&'()-yI{IIJK;
LL}[9j_=0!!!`s"10%PP&'()-!{s"10%&'()-!h`   "10%&'()-!
"10%&'()-,m10%g&'()-
`t10%g&'()-LMNFOQJQRwX6j_=0!!`3"10%__&'()-,`("10%g&'()-!`("10%cc&'()-!("10%
&'()-! `"10%PP&'()-s!"10%__&'()-sRXSYSZS[SjSmSDUVuV40!!10%\\&'()-
10%\&'()-910%\&'()-'10%\&'()-Z 10__ 10__
10__!``3"10%__&'()-,VWXZ]]]]wi[M40!!10%\\ 10\\ 10\\ 10\\! `)"10%\\&'()-'!
)"10%\\&'()-'!*`f "10%\\&'()- !%f "10%==&'()-
]*]-]{]|^__zX6M40!!!"10%%%&'()- !T`ssY"10%  &'()-!ssY"10%55&'()-!
10%&'()-&L10%5&'()-!`s!Y10%M5M5&'()-Z_aXbb>c?c@cAcNc}rg\:0!!!!&10%&'()-3
105 105 105&m10%5&'()-@# 10%5&'()-f!`"10%&'()- !`"10%55&'()-
NcYcccccccdF,:10%:&'()-'L10%:&'()-10%:&'()-10%:&'()-
10%:&'()-&10%:&'()-zcccccccckL.:'L10%:&'()-10%:&'()-10%:&'()-'L10%:&'()-10%
:&'()-ccd
dddddoP6:'10%:&'()-10%:&'()-10%:&'()-'L10%:&'()-10%:&'()-10%:&'()-ddd
d!d"d#dTdqX7:'
10%~&&'()-10%:&'()-'L10%:&'()-10%:&'()-10%:&'()-'LTdfdddddd|[:7:'
s'`10%~&&'()- 310%~&&'()-   10%~&&'()-,  10% 



&'()-,  10% ~& &'()-,   10%!&'()-dddhiiiii|obU4 9'10%%&'()-G10~&10~&10~&
S810%~&&'()-y s$!10%~&&'()-& 510%~&&'()- .10%~&&'()-iii+jjzl#m|[:bU4
`"10%$&'()-` c`"10% % &'()-` "10% # &'()-` Lm10%%&'()-  10%%&'()-
10%%&'()-#mGmmoq'qq|[:bU4  pP3110%%&'()- 3110%8&'()- `"10% % &'()-
`"10%*%*&'()- "10%=%=&'()-  10%%&'()-qqqqqqqqrvU4  10%M&M&'()- 10%M&M&'()-
&S10%%&%&'()-m10%10%10%  >910%%&'()- 03110%"$"&'()-rAr\rrrrr|[:vU4
L'10%M&M&'()- , `10%M&M&'()- 10%M&M&'()- rTl10%&&'()- 10%M&M&'()- Zp
10%&&'()-rCuYuuuuxx|[:-410M&M Y+ 10%M&M&'()-  y610%M&M&'()- /10%M&M&'()-
)10%M&M&'()- &'y10%M&M&'()-  10%M&M&'()- xxxxx+z{p}bA410M&M  %`9
"10%D&&'()- m`9 "10%D&&'()- 9 "10%D&&'()- L910%D&&'()-
%l'10%D&&'()-m10M&M10M&Mp}}~Xvw|[:-410D& `-3"10%D&&'()-s  `-3"10%D&&'()-s
-3"10%D&&'()-s `!!10%D&&'()- !!10%D&&'()- `9 "10%^ &'()-wxybA410D&  h`9
"10%%&'()- 9 "10%#&'()-  y 10%%&'()- &10%%&'()-
&'310%%&'()-Y10D&10D&df|[:A410D& +"10%%&'()-@ S&*10%%&'()- `y"10%"&'()-
`y"10%%&'()- 



y"10%9$&'()-  `9 "10%&'()-fvU410 10%Z'Z&'()- (10%Z'Z&'()-G10%10%10%
`2"10%%&'()- 2"10%%&'()- `+"10%&'()-@f[bp|[:vU410  s$m10%Z'Z&'()-
`"10%R'R&'()- `"10%V'V&'()- c`"10%`'`&'()- "10%n'n&'()-
Y10%Z'Z&'()-gpf|obU410 %10%D&&'()-10V'V10V'V10V'V 8"10%V'V&'()-
`l'$10%f'f&'()-` `l'$10%p'p&'()-` l'$10%s&s&'()-`y{|[:bU410  `L"10%D&&'()-9
`L"10%D&&'()-9 L"10%D&&'()-9 Ss 10%D&&'()-@ fSS 10%D&&'()-f
s10%D&&'()-{-W|[:-410D& `&37"10%D&&'()-@ &37"10%%&'()-@ `("10%D&&'()-s
`("10%D&&'()-s  ("10%$&'()-s @S&10%D&&'()-|%bA410D&  %`&"10%1&&'()-'
&"10%%&'()-' @ , 10%1&&'()- `10%1&&'()- 'Y10%1&&'()-
10D&10D&%c&'()|[NA41010P%10P%10P% `)"10%P%&'()- `)"10%1&&'()- )"10%1&&'()-
`&"10%- &'()-' `&"10%1&&'()-')8;|[:NA41010 `sl"10%v%v&'()- sl"10%{%{&'()- `
"10%zz&'()-   "10%3%3&'()- `910%z%z&'()- '10%z%z&'()-3/]|[:-410% L9g
10%%&'()-z Sy5 10%z%z&'()-g `L/"10%\$&'()- !L/"10%z$z&'()- ``9'
"10%{7#{&'()- `9' "10%z%z&'()-2bA410%  h`"10%m4%m&'()-: "10%%&'()-:
10%z%z&'()-g s10%z%z&'()- '10%z%z&'()-310%10%%Q|[:A410% `Ll("10%G%&'()-
Ll("10%zW$z&'()- f`$ 10%z%z&'()-S  "s10%z%z&'()- `"10%z "z&'()-:
%`"10%^%^&'()-:H@vU410   10%~&&'()- 10%~&&'()- l(310%~&&'()-10z z10z z10z z
`Ll("10%z z&'()- `Ll("10%{%{&'()-@;1x|[:vU410  `*"10%%&'()-L *"10%~&&'()-L
!"10%~&&'()- `3"10%%&'()-` 3"10%c%&'()-`  10%~&&'()-@xCvU410 9Z"10%D&&'()-`
@10%D&&'()-  &L10%D&&'()- &l10%D&&'()- 10;10;10; `*"10%;&'()-L7mXP\|[:vU410
`-"10%%&'()-M -"10%D&&'()-M `#"10%%&'()- #"10%D&&'()- `9Z"10%&'()-`
`9Z"10%8%&'()-`\WXYZgj:vU410 S10%&&'()- L910%&&'()- 9'10%s&s&'()-Z10$10$10$
`S8!10%$&'()- S8!10%D&&'()-:0*|[:vU410  `&$"10%&&'()- &$"10%&&'()-
`L"10%e$&'()-& )`L"10%%&'()-& `L"10% %&'()-& L"10%&&'()-&*G|[NA41010&10&10&
`&@8 "10%&&'()- &@8 "10%$&'()- `&l.Z"10%&&'()- &l.Z"10%B%&'()-
,+T10%&&'()-YdgyXK>1110X&10X&10X&   10%X&&'()-y
910%X&&'()-!(&10%"X&"X&&'()- &10%"&'()--! &10%&'()-^|[:K>1110X fT10%q%&'()-
@!10%q%&'()- fM10%q%&'()- 9:10%q%&'()-  LF 10%q%&'()-
'Y10%q%&'()-6K|[:K>1110X l+ 10%q%&'()- &M!10%q%&'()-S Y% 10%q%&'()-
`@#10%q%&'()-3 `@#10%q%&'()-3 @#10%q%&'()-3KROU|[:-110q%X 99!10%q%&'()-S
710%q%&'()-  410%q%&'()- 1m"10%q%&'()-S 0 10%q%&'()- -10%q%&'()-eHbA110q%X
9LS 10%f%f&'()- ` ,#10%f%f&'()-S 9 10%f%f&'()-   10%f%f&'()-
&'10%4%4&'()-10q%10q%HB|[:A110q%X sS#10%f%f&'()-   9-10%f%f&'()-
s10%f%f&'()- s!10%f%f&'()- Ls10%f%f&'()- `S#10%f#f&'()-S0|[:A110q%X s
410%f%f&'()-y s1#10%f%f&'()-z sf)"10%f%f&'()- sS&!10%f%f&'()-y
`sS#10%f%f&'()-   `sS#10%f<%f&'()-  



0~DvU410 LT10%@%@&'()-  10%@%@&'()- 0y&10%%&'()-10f%f10f%f10f%f
s3:!10%f%f&'()- `8 10%f%f&'()-DJF0|[:vU410  s`- 10%@%@&'()- `f#10%@5$@&'()-
`f#10%@%@&'()- 5f#10%$&'()- `10%@%@&'()- l -#10%@%@&'()- 07A|[:vU410
)g10%@%@&'()- `'@ 10%@%@&'()-  &M10%@%@&'()- `"10%%&'()- `"10%&'()-
"10%@$@&'()-N|[:vU410  f5:10%@%@&'()- s310%@%@&'()- S210%@%@&'()-
`,,"10%@#@&'()- 4,,"10%%&'()- `*10%@%@&'()-j'*vU410 y#10%q%&'()- 9
10%q%&'()- '10%q%&'()-m10@%@10@%@10@%@ :"10%@%@&'()-
sy810%@%@&'()-6h|[:vU410  l, 10%q%&'()- f 10%q%&'()-f F10%q%&'()-
!10%q%&'()-S    10%q%&'()-  10%q%&'()-hoy|[:vU410  &$f10%q%&'()- "@
10%q%&'()- !`10%q%&'()- `"10%q%&'()- `"10%&'()- "10%x$&'()-,n9|[:vU410
5"10%x$&'()- s3, 10%q%&'()-  .&!10%q%&'()- `9'#10%F"&'()- 09'#10%M$&'()-
%10%q%&'()-9ovU410  10%f%f&'()- 'Y10%4%4&'()- 10q%10q%10q% @;M10%q%&'()-
`5"10%q%&'()- `5"10%&'()-1@?|[:vU410  `f 10%f%f&'()- 9910%f%f&'()- `
"10%f%f&'()-  9&10%f%f&'()- ` y10%f%f&'()- 9- 10%f%f&'()-556|[:vU410
9!10%f%f&'()- 9 -10%f%f&'()- `!10%f%f&'()- L- 10%f%f&'()- ``S#10%f%f&'()- 9
10%f%f&'()- G|[:vU410  9*10%f%f&'()- `S)"10%f%f&'()- 9'10%f%f&'()-
`@&y10%f%f&'()- 9$- 10%f%f&'()- s@#M10%f%f&'()-_|[NA41010f%f10f%f10f%f ` 7
10%f%f&'()- `5 10%f%f&'()- `0L!10%f%f&'()-z 9f/ 10%f%f&'()- `S,y
10%f%f&'()-&-|[:NA41010 `s 10%%&'()- s 10%&'()-  !10%%&'()-z - 10%%&'()-
10%%&'()- y&l10%%&'()- -7C|[:NA41010 s10%%&'()- m"10%%&'()- `10%%&'()-
g10%%&'()- L- 10%%&'()-  `10%%&'()->|[:NA41010 @&z 10%%&'()- @#-10%%&'()- ,
g#10%%&'()-T !10%%&'()- F10%%&'()-  g 10%%&'()-S   9 : |[:-410% 8"10%%&'()-
7 10%%&'()-  --#10%%&'()- *t10%%&'()- 



S)!10%%&'()- '"10%%&'()-: ; < I L  .bA410%   10%%&'()-   F"10%%&'()-z g
10%%&'()-   10%%&'()- &10%%&'()-310%10%;[|[:A410% 10%%&'()- Z10%%&'()-
s10%%&'()- S 10%%&'()- L10%%&'()- L910%%&'()-v|[:A410% S)m10%%&'()-
S&10%%&'()- @#S#10%$&'()-y ,  10%%&'()- !10%$&'()-z M10%%&'()-*=uT310
10%q%&'()- s' 10%q%&'()-Y10%10%10% `1f#10%%&'()-!1f#10%. . &'()-
*@#10%%&'()-.7|Z9uT310  `!10%q%&'()-!4!10%&'()- &3"10%q%&'()-   M10%q%&'()-
3"10%q%&'()-f 10%q%&'()-/@|[:uT310   !!10%q%&'()-  10%q%&'()- `s#10%$&'()-
s#10%q%&'()- t10%q%&'()- 10%q%&'()-H.|[:uT310   `*"10%q%&'()- `*"10%$&'()-
*"10%q%&'()- @)10%q%&'()- '10%q%&'()- ,#-#10%q%&'()- vU410  @#10%%&'()-
10%%&'()- & 10%%&'()-Y10q%10q%10q%  :10%q%&'()- 8 10%q%&'()-nL   A!|[:vU410
10%%&'()-  10%%&'()-  10%%&'()- 10%%&'()- s"10%%&'()-y
`@#10%$&'()-A!!"I#/$}$$|[:vU410   010%%&'()- y/10%%&'()- *"10%%&'()-
S)10%%&'()- !@#10%%&'()-  , m10%%&'()-$%8%%q&r&s&t&&|obU410
l(310%&&'()-10%10%10%  7!10%%&'()- 510%%&'()-  410%%&'()- 2
10%%&'()-&&')#+,,|[:bU410   `&$10%&&'()- `&$10%$&'()- `&$10%%&'()-
&$10%&&'()- #10%&&'()-z  10%&&'()-,{-.R/S/T/U/d/g/vU410  93 



10%K%&'()- &10%K%&'()-310n$10n$10n$ `s0#10%n$&'()-   s0#10%&&'()-
*#10%&&'()- g/ 005111<2|[:vU410   `10%K%&'()- 10%w&'()- !10%K%&'()-y s@
10%K%&'()- 9#10%K%&'()-  &!10%K%&'()-z<2F222X334|[9vU410  !:$"10%&'()- @#
10%K%&'()-  "10%K%&'()- ,g10%K%&'()- @ 10%K%&'()-  M10%K%&'()-445|[9vU410
!:$"10%&'()- @# 10%K%&'()-  "10%K%&'()- ,g10%K%&'()- `$"10%W$&'()-
`$"10%K%&'()- Normal" "Heading 13]c" "Heading 23]c" "Heading 33]c" "Heading
43]c" "Heading 53]c" "Heading 63]c" "Heading 73]c" "Heading 83]c" "Heading
93]c"A "Default Paragraph Font3'$}.J7?jFZPZ@`fnux(Y;
s#T,268:<>@BDFHJLNPRTVXZ\^`bdfhjlnprtvxz|K:JQqdY 5[k3
%6v%'4-|149:/@BCGyILRV]_NcccdTddi#mqrrxp}wfp{%)@x\:*KH0D0h9-: A!$&,g/<245
!"#$%&'()*+,-./6Times New RomanArialCourier New"h Root EntryWordDocumentg
!"#$%&'()*+,-./0123456789:;
<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]^_`abcdefghijklmnopqrstuvwxyz{|}~
!"#$%&'()*+,-./0123 




