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This invention relates to cellular swtching systerﬁs to base statilons;

to methods of call routing.
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DISTRIBUTED SWITCHING
CELLULAR COMMUNICATION SYSTEM

Technical Field
The present invention relates to communication systems and, in

particular, to a cellular mobile communication system.

Background of the Invention

Mobile telephone service provides a means for telephone conversations
to be originated from or terminated at, a moving vehicle or portable unit. Typically,
frequency modulation (FM) radio channels are used as links between mobile units
comprising wireless terminals and a mobile telephone switching office (MTSO) via
base stations that serve geographically localized mobile subscribers. Furthermore,
cellular techniques are presently utilized in order to enable high volume traffic to
operate over a limited number of available radio channels allocated by the Federal
Communications Commission (FCC). Typically, in cellular systems, by dividing
large geographical areas, called cells, into smaller geographical areas or microcells,

the same radio channels in different microcells may be reused.

While this new cellular architecture greatly increases the traffic volume
which may be handled, sophisticated routing and switching equipment is required to
maintain the integrity of each call as a subscriber moves from one cell to another. In
particular, as an active subscriber moves from cell to cell, the switching system
assigns a new radio frequency channel and, moreover, assigns appropriate
communications resources to route signals from and to the new cell and the called
party. Unfortunately, as the number of active subscribers increases dramatically and
the size of the cell is further decreased in order to handle the traffic volume, a greater
demand is placed on the switching architecture because of the increased frequency
with which active subscribers cross cell boundaries. It is anticipated that within the
next few years, the required switching capacity will become prohibitively large for
existing mobile cellular switches and the associated mobile network architectures.

Various proposals have been suggested to alleviate the anticipated
demand for mobile radio service. While larger cellular switches may be able to
handle the increase traffic volume, they are relatively expensive and may not be
readily available for short terms needs. More importantly, circuit switch
architectures and network architectures of present cellular systems generally do not
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Background of the Invention Mobi | e tel ephone service provides
a means for tel ephone conversations to be originated fromor termnated at,
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from the header of its packet received by the switch. As such, an exemplary

subscri be

switching architecture would comprise two separate units, one of which establishes
the initial route and the other which is used to vary only that portion of the header
which changes as a subscriber crosses a cell boundary. While this cellular

15 architecture and the associated infrastructure permits rapid growth by distributing
many of the switching and control functions to additional modulator units which
may be added as warranted by the traffic volume, it is highly desirable to mitigate
the need for additional modular units, reduce the complexity of switching operations
associated therewith and further reduce the switching burden on switches.

20 Summary of the Invention

This invention is a new switching system and architecture which is
particularly effective in addressing the problem of increased switching burden due to
the increasing frequency of boundary crossings as cellular radio cells become
smaller. An important aspect of the invention lies in the realization that a large

25 percentage of the switching and control functions can be distributed among base
stations, which serve a number of individual subcells or microcells, as well as
individual wireless terminals, i.e., subscribers. The routing procedure associated
with the point of origin for a given call may be stored in the memory of the switch.
As an active subscriber crosses a cell boundary, the switch forwards all packets of

30 information for the given call to the originating cell for the duration of the call.
Importantly, each subscriber informs the base station of its current location such that
each base station may forward each packet to the subscriber’s current base station
via a high speed local area network, which interconnects each base station. In this
manner, the inventive architecture is unaffected by the increased crossing between

35 cell boundaries since traffic consisting of those calls not within the range of the
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the size of the cell is further decreased in order to-handle the traffic
vol une, a greater denmand is placed on the swtching architecture because of
the increased frequency with which active subscribers cross cell

boundaries. It is anticipated that within the next few years, the required
switching capacity will becone prohi bi ti Vel y large for existing nobile
cellular switches and the associated nobile network architectures.
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5 process. Instead, the switching or routing associated with subscribers moving from

cell to cell is accomplished in a distributed manner by each base station which is
linked to one another by a local area network. Additionally, most of the hand over
and switching of packets between cells over the local area network may be
accomplished by real time translation or memory/bus transfer operations, which are
10 relatively simple operations. In an embodiment of the invention, each base station is
connected to other base stations via a local area network utilizing a form of digital
transmission commonly known as time division multiple access (TDMA).
In a specific embodiment of the inventon, clusters of microcells
typically serving subscribers from a fixed canisters that are mounted on lamp posts,
15 utility poles and the like route calls from and to mobile subscribers via base stations
through optical fibers. Each base station routes calls to the nearest exchange office
via T1 or subscriber loop carrier (SLC) transmission lines, leaving most of initial
switching functions to be performed by the exchange switch. Additionally, each
base station is connected to other base stations through a high transmission capacity
20 local area network (LAN) such that calls initially routed to one base station will
always be routed to that station even if the present subscriber is located within the
service area of another base station. As such, routing will be established from the
original base station to the current base station of the subscriber through the local
area network. Thus, the local area network serves only those calls that did not
25 remain within the range of the initial base station but moved during the duration of
the call.

Brief Description of the Drawing
A more complete understanding of the invention may be obtained by
reading the following description in conjunction with the appended drawing in
30 which:

FIG. 1 is a schematic representation of a prior art cellular

telecommunications system;
FIG. 2 is a schematic representation of an embodiment of the inventive

cellular communication system;
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af ford extended coverage on demand. In particular, D.J. Goodman has
suggested a switching architecture which greatly relieves the sw tching
burden due to increasing boundary crossing as cellular cells becone
smaller. See U. S. Patent No. 4,916,691, which is commonly assigned and

i ncorporated herein by reference. In part‘i4c'ul ar, Goodman teaches dividing a
packet of information into two segnents; those which change with cells as a
subscri ber crosses a ddGs. &duou@r@mmdhérhﬂﬂﬂcpﬁ&wmﬁmn@@fhﬁﬂ&ﬁ@m otdle
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However, rout Wagof GERANCE hARSGRHR e Lk ifichil ] ﬁg%fnon that do change

may be derlvedfrom |ts packet receive the switch. As
such, an exenplary sw tch| ng arch| tecture would conprise two separate
units one f Dofdirca m@shﬁphbﬁhes the initial route and the other which is
used to vary only that Ton of the header which changes as a_ subscri ber

crosses a cell boundar ) eelkufar SyEems aeonceptualized as a packing of hexagonal
geographical arcas, or cells, each having definite and sharp boundaries between

adjacent cells, as shown in FIG. 1. As cellular systems become more popular, the
cells become saturated due to the present of more active subscribers within a given

10  cell than there are available channels, that is allocated radio frequencies or time slots.
Advantageously, cellular radio has within it an inherent technique, called "cell
splitting", for dealing with such an increase in subscribers. In utilizing "cell
splitting”, the size of the cell is reduced to smaller geographical areas, called
microcells, permitting the reuse of the same radio channels in different microcells,

15 each covering a non-interfering defined coverage area. See, for example, R. Steele et
al., Proc. IEEE, Part F, Vol. 132 No. 5, pp. 396-404 (1985). As further illustrated in
FIG. 1, in order to provide wireless access to public switched telephone networks

(PSTNs), current cellular systems contain wireless terminals, base stations, and at
least one mobile telephone switching office (MTSQ). The MTSOQ is connected to a
20 plurality of base stations, each which may be linked via coaxial or optical fiber lines
to a plurality of canisters, which serve to transmit and receive radio signals from
localized mobile subscribers defined within the boundary of a microcell. That is,
radiation coverage of a given cell may be accomplished by an overlapping grid-like
pattern of radiation from canisters each comprising a transducer. Accordingly, each
25 canister communicates to mobile subscribers by way of two way radio signals to the
transducers and, then to the base station, via optical fibers, coaxial cables and the
like. Typically, these canisters may be mounted on lamp posts, utility poles and the
like, and moreover, may utilize a lineal line-of-sight coverage of 200-2000 foot
segment of roadway. Thus, these canisters act as a grid-like distributed antenna for
30 Dboth transmitting and receiving radio signals. The infrastructure of such a system is
the combination of hardware and software that links base stations with cellular
switches and cellular switches with one another as well as PSTN subscribers. See,
for example, co-pending U.S. Application Serial No. 333, 490, which is commonly

assigned.
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architecture and the associated infrastructure permts rapid growh by

di stributing many of the switching and control functions to additional

nodul ar units which nay be added as warranted by the traffic volune, it is:
highly desirable to mtigate the need for additional nodular units, reduce
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code architecture to distribute and, thus, off load the switching to each base station and
indirectly to each wireless terminal or subscriber. Furthermore, by connecting base
stations directly to the nearest local exchange office of the PSTN via a high speed
transmission line, most of the switching, other than the switching associated with
15  cell crossings by subscribers, is handled by the local exchange office. As such, the
need for any MTSO is obviated.

Shown in FIG. 2 is an exemplary system architecture for a mobile
cellular communication system in accordance with the principles of the invention.
In addition to extending coverage to mobile subscribers, the system may serve

20 stationary subscribers and, thus, more properly could be referred to as a "personal
and microcellular communication system". While the exemplary cellular network
system is described in terms of "calls", it is to be understood, however, that the term
“call" as used here, and in the system depicted, includes any type of
communications, such as the transmission of data, facsimile, audio, video, and the

25 like.

As shown in FIG. 2, the exemplary mobile cellular system comprises
base stations 101 through 108, each which serve a distinct geographically area or
cell. Further, each base station is connected to the trunks of the public switched
telephone network (PSTN). In the preferred embodiment, each base station is

30 connected to closest exchange office for the PSTN via high wransmission lines 111,
for example operating at 1.544 Mbps, such as a T1 wransmission line having twenty-
four two-way voice channels. It is contemplated, however that a subscriber loop
carrier (SLC) line handling thirty-two two-way voice channels may also be utilized.
Each base station accepts and delivers information in the standard format of the

35 PSTN. For example, the voice format may be 64 kb/s companded pulse code
modulation. Furthermore, the base station converts this information to and from the
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of the second permanent radio tel ephone station to the first permanent
radi.o tel ephone station through which the connection was originally nade.
t el ephone connection is created over the public tel ephone network by the
first permanent radio tel ephone station to the second permanent radio

t el ephone station designated by the -0- _
- 3- radi o tel ephony area code. The second permanent radi o tel ephone

station assi gfamabef the wireless terminal access physical layer by means such as transcoders
and channel coders corresponding to the access environment of the mobile
subscriber. Each base station sends packets to the appropriate canister by inspecting
the packet header and, then routing the packets accordingly as indicated by a look up
5 table.

Canisters 101-1 through 101-4, 102-1 through 102-4, etc, each
comprising a transducer for communicating to and from mobile subscribers via radio
signals are interconnected with their respective base station via a network of optical
fibers 109. It should be noted that coaxial cables may replace optical fibers 109.

10 From base stations, calls are sent over trunks of transmission lines 111 to exchange
offices of the PSTN for subsequent routing to the called party. For ease of
explanation in the proceeding description, base stations 101 through 108 have the
literal designation A through F, respectively, while each canister has been
numbered 1 through 4, as shown in FIG. 2.

15 A mobile subscriber in a given microcell by analyzing measurements of
signal strength and channel availability determines the optimal microcell, that is
canister, for establishing communication to the base station and, then, the called
party. Importantly, for the duration of the call, the original line assignment selected
on high speed transmission lines 111 is used for sending and receiving packets of

20 information. In order to assure smooth flow of communication packets to the
originally assigned line, each subscriber supplies in each of its transmitted packets
his present base station and canister identification as well as his original base station
and line assignment, e.g. A4/A-4T14 (current location: base station A, canister 4;
original location: base station A; 14th channel assignment on one of 24 channels

25 available on the fourth T1 transmission line). It is contemplated that communication
from the subscriber to the base stations may be either analog or digital. In either
case, subscribers would communicate via well-known techniques for sharing limited
radio channel resources among a large number of users, such as time division
multiple access (TDMA), frequency division multiplexing (FDM) and the like.

30 Network Control Examples
By referring to three examples: subscriber initiated calls, hand overs

between base stations and outside subscriber initiated calls, we show how the

inventive cellular communication system organizes and controls the flow of

subscriber information and system control information. More importantly, these
35 examples show how the switching burden is distributed among base stations,
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nobil e radi o tel ephone station a speech channel on which the conversation
can -be conti nued. | EEE COVMUNI CATI ONS MAGAZI NE vol . 27 no 7,
Jul'y 1989, PISCATAWAY, NJ US pages 20-29 STEELE The Cel | ul ar Environnent of
Li ght wei ght Handhel d Portabl es' discloses interfacing mcro cells with a
LAN. M cro-base stations (BSs) are connect’ed to an optical LAN. The opti cal
fiber connects all the BSs in a €luster to the nobile swtching centre via

a | oop. Packepartitelatly ¢ tewagd foraficedted ERRsin@OBeiWed el Bidndhfles BySmbeiRder

si gni fying whetbh L, it contains data. Wien a BS transnits data i't waits
until an enpt?’gi?%?cr%rrives, marks it full, and loads it with its radio
packet (s). According to one aspect of this invention there is

rovided a ce ' ' stemas clained in claim1.
Rccor ding to sh Ine? thirE d'€al his invention there is provided a base
station as claimed i n FaBshews one exemplary scémciorfdi exgatilishimgfamatiseruppfspract  of
this inventsi o b S [ h ' ' [
A new ovi {chi g OB SubriBE o afted o). RS 05 50 BBt FIG, §'elth makete 1 1
addr essi ng t his TRRIEEANGH B 2 illiskrathee dosigride i whidhuthel presenidasestation dndcr easi ng

canister identification are shown in the upper left hand of the postcard, the original
base station/line assignment is shown in the upper right hand portion of the postcard,
and the data or "information field" is shown in the center portion. In this figure, the
10 horizontal direction represents location and the vertical direction represents time,
with the sequence of packet transfer from top to bottom. Each packet is indicated by
a rectangle.
First, the subscriber determines the optimal microcell for establishing
communication to a called party based on the signal strength to the nearest canister
15 associated with the microcell. Accordingly, the subscriber then sends to the chosen
canister its current location, for example A4, designating base station A, and
canister or microcell 4. Canister A4 relays the message and the identity of the
subscriber to base station A via fiber 109. It is contemplated that the canister may
comprise a radio frequency detector and associated circuitry to modulate a laser
20 transmitted for transmitting optical signals to the base station. The base station uses
the message received to authenticate the calling subscriber and, if the caller is
authorized to place a call, assigns a line for the call, stores the base station and
canister ID, and informs the canister as to its line assignment, for example 4T14 -
designating channel 14 on the fourth T1 transmission line 111. Additionally, the
25 base station sends a dial tone to the subscriber as well as its assigned line trunk via
canister A4 The mobile subscriber stores the assigned line in order to send in future
packet its present location and given line allocation, such as A4/A-4T14, indicating:
present base station A and canister 4; original base station A; and channel
assignment 14 on the fourth T1 line. Further, the subscriber in response to the dial
30 tone sends a packet containing the called party’s number. This enables the base
station to attempt to establish a connection through the PSTN vis-a-vis the local
exchange office switch to the called party. Importantly, responses from the called
party and subscriber are routed for the duration of the call through the originally
chosen base station and trunk line, in this example base station A and trunk
35 line 4T14, respectively.
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frequency of boundary crossings as cellular radio cells becone snaller has,
as an inportant aspect thereof, the realization that a |arge percentage of
the switching and control functions can be distributed anong base stations,
whi ch serve a nunber of individual subcells or mcrocells, as well as

i ndi vidual wireless terminals, i.e., subs&ibers. The routing procedure
associated with the point of origin for a given call may be stored in the

menory of the switch. Aslodp ag el suBsEiYRE fanhddey in%r%@%xic?rogﬁUplaa%ﬁgﬁgé’ , the
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not within the range o i )
t%at no gackets are generated in the silent gaps between talk spurts.

Hand Over Between Base Stations

The inventive cellular communication system hands a call from one

10  base station to another when the wireless terminal (subscriber) determines that the
call can best be handled by another canister within a new base station. FIG. 4isa
schematic representation of an exemplary hand over protocol in accordance with the
principles of the invention. Initially, the terminal initiates the hand over by
requesting for channel assignment in the new base station and respective canister, for

15 example, from A4 to B2. It is should be recalled that each wireless terminal sends in
its packet header its current base station and canister location as well as its previous
base station location and line trunk assignment, thus off loading from the base
station any resources required for tracking. Upon a request from the subscriber for
channel assignment in the new base station, base station B assigns a new radio

20 channel and informs the subscriber of the new assigned radio channel. Accordingly,
the subscriber modifies it packet header for all future packets containing its present
location, previous location, and assigned line. New base station B identifies all
newly received packet from the subscriber and sends the packets to the original base
station A via the local area network, which operates at a high transmission rate.

25 Various local area networks are well know in the art which may be utilized and,
hence, are not discussed here. When the previous base station, here station A,
receives the packets, data is sent through the original assigned channel to the PSTN.
Moreover, base station A updates the subscriber current location in a translational
look up table to forward all received packets for the subscriber to base station B via

30 the local area network. Because the exchange office plays no role in the hand over
process, or calls from one base station to another or cell to cell, its work load is
unaffected by the volume of hand overs, and thus may be extremely high.

It should be noted that the subscriber constantly monitors for the best
base station and canister to communicate with the called party. If the optimum

35 canister is within the original base station, a request is made for service from that
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initial base station are placed on the local area network. As such, because
subscribers continuously informbase stations of their current |ocation
and, upon subscribers novement into a new cell, base stations forward
information to the subscriber's current base station, the exchange swtch
plays no role in the hand over process. L@stead, the swtching or routing
associ ated with subscribers noving fromcell to cell is acconplished in a

di stributed ' lch.is lLinked to one another by a
local arca. neryarr AR oRARE AL ibh 50 o Sme BSE o, BehD R e o
packet s bet wediffersal Fanigorby misand sichlas packat sweitahingbasey ob eaasiational ioskad by

real time traggleatyieh afe mmg@p%t%%@sf er operations, which are
relatively sinple operations. In an enbodi nent of the invention, each base

station is connected tHthstiIeraripukers thachange of bese spdemis far Bomithe ongikal

utilizing 8 fiuses@bion|suth at fomADS A B3, AL i6,ARTANsVrite? OiBindfedithd Bal hiinSi ON

mil tiple acCcqRat Tl%)md is now requesting a reassignment from G2 to F2, the subscriber’s
request for reassignment is made to base station F. FIG. 5 is a schematic
representation of an exemplary hand over protocol. Base station F informs the
subscriber as to its new channel assignment such that the subscriber modifies its

10  packet header to F2/A-4T14, indicating its current location, prior location and line
assignment. Importantly, base station G stores the forwarding address, e.g. F2/A-
4T14, so that packets already routed to base station G will be forwarded to base
station F. Subsequently, base station G erases the prior assignment from its
forwarding look up table after a certain prescribed time which is related to the size of

15 the local area network. Packets from the mobile subscriber are send to base
station/canister F2, with base station F routing information packets to base station A
via the local area network. With base station A storing the subscriber’s line
assignment and modifying the subscriber’s current location in its look up table, base
station A sends packets received from the PSTN to base station F.

20 Public Subscriber Initiated Calls
When a call is originated from a outside party to a mobile subscriber,

the signaling is routed to master base station 113, as shown in FIG. 6. Master
staton 113 pages all base stations 101 through 108 to locate the called mobile
subscriber. Upon locating the subscriber, the subscriber answers through the

25 optimum canister, for example canister C4, and informs the base station of its
current canister and base station location. The base station assigns a channel for the
call and notifies master station 113 to redirect the outside signaling to the exchange
office of the current subscriber’s base station. The base station receives the
incoming call and assign a trunk line for the call, storing the base and canister ID for

30 subsequent resource allocation, e.g. C4/C-8T17. The base station sends a ring tone
to the subscriber and its line assignment, with the subscriber storing the line
assignment. As discussed above, movement from cell to cell, that is hand off from
cell to cell is effectuated in a similar manner.
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In a specific enbodi ment of the invention, clusters of mcrocells typically
serving subscribers from fixed canisters that are nounted on | anp posts,
utility poles and the like route calls fromand to nobile subscribers via -
base stations through optical fibers. Each base station routes calls to the
nearest exchange office via Ti or subscr i ber | oop carrier (SLO)

transm ssion lines, |eaving nostyof initial switching functions to be
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station of X himplatneaiedbyeith simplamplatet teenslation and meenargbus trknsfertupsratiohs, akocal
o K ORISR hOREICRL) yblils S, gbyt AR B, Spy oo
Brief Descri plocakares nemworiscanisicss and base stations far rerflovcohpsickets ofimfemrsatiandi ng
of the invent b&WeHﬁiH nls&nletshasc%ér ma daﬁe&i pmy U Righdil b WorkE (R SSfoHRAGRN 1D
conj unction sz&crl]cc;[s om sgbsc gers are c1ther dxrectly routed by base stations to the PSTN or
10 relayed to another base station by means of the local area network. The address
field, that is base station/canister, in each packet header provides the routing
information to base stations corresponding to appropriate destination of each packet.
Similarly, packets received by base stations from the PSTN are routed to appropriate
canisters for communicating with the subscriber or routed via the local area network
15 to the appropriate base station corresponding to the address field in each packet
header. As described earlier, information packets send over the local area network
are routed to a canister, base station or the PSTN, as shown in FIG. 8.
Although the foregoing embodiment has been described as an example
with eight base stations each with four canister or microcells, the invention also is

20 contemplated to operate with many more or less base stations and canisters.

Fms Sheet Has Been Repl

T




whi ch:

representation of an enbodi ment of the inventive cell

FIG 1 is a schematic representation of a prior art

cellular tel ecomuni cati ons system FI G g IS a schematic

system

umuwwmmmmm

FIGs. 3 thidbugh 6 are

representations of hand over protocols using the inventive cel f'ul &r *
comuni cati on system and .
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Claims:

1. A cellular switching system for routing a call between a first
subscriber and a mobile subscriber, said system comprising a plurality of base
stations (101-108) each having an associated cell, each of said plurality of base
stations comprising means (e.g. 101-1 to 101-4) for communicating with said mobile
subscriber when said mobile subscriber is within the associated cell of said base
station, and characterized in that at least one of said plurality of base stations
comprises means, responsive to said mobile subscriber crossing from a first cell to a
second cell, for forwarding a first communication from said first subscriber to the
base station associated with said second cell such that the integrity of said call is
maintained as said mobile subscriber crosses from said first cell to said second cell.

2. A system as claimed in claim 1 wherein said at least one of said
plurality of base stations comprises means for forwarding a second communication
received from said mobile subscriber to the original base station that established said
call between said first subscriber and said mobile subscriber such that only said
original base station directly communicates with said first subscriber.

3. A system as claimed in claim 2 comprising a local area network (112)
for interconnecting said plurality of base stations wherein said first and second
communications among said base stations are transmitted over said local area

network.

4. A system as claimed in claim 3 wherein said means for forwarding a
first communication to the base station associated with said second cell comprises,
means, responsive to information stored in said first communication, for translating
said information stored in said first communication to a first route, said first route
corresponding to a transmission path to the base station associated with said second
cell.

5. A system as claimed in claim 4 wherein said means for forwarding a
second communication to said original base station comprises means, responsive to
information stored in said second communication, for translating said information
stored in said second communication to a second route, said second route
corresponding to a transmission path to said original base station.

6. A system as claimed in any preceding clain wherein the cell associated
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FIGs.7 through 9 are schematic representations of routing by the base

statiions typical for the inventive cellular comrunl mnaﬂgrm“l

Det ai | ed Description Typi cal | y, cel | ul a E“m

conceptual i zed as a packing of hexagonal gEoyraphical areas, *or scetls, each
havi ng definite and sharp boundaries between adjacent cells, as shown in

FIG 1. As 'l ula nore popul ar, the cells becorre sat urat ed
due to the S?e’é’é‘h&é }b%(fsﬁffgluéag’f g@”’éﬁﬁ@é&i‘%@‘@%"? RiPHIraligyof axcroselis. t han
there are avail able channels, that is all ocat ed radi o freﬂuenm es OII:] tinme

| ots. Ad t ageousl cIIuI n|t I nherent {echni que,
ialol Zd c\éﬁln sgl i 'ltJt i %J A fogpe %85 ﬂiéﬁ\)\:}?rh“ IéEnaF HLOMNPICHECSYSIEET s .
In utilizing "foel tousipgia tcaligfromt hefirst mbsoﬁbéxh&) @e lobils sﬁﬁﬁhtﬂﬁ]gl Ezﬁdsxﬁabﬂl@r

hi cal r e 0

geograpni ca xﬁ)@éﬂbc?aéré)s%g)lgn?rgﬁloac TlHt el amﬁécggggclpilh aalg 3¢ St aﬂpg%émgn@

radi o channel s 1n di eac
defi ned covér agisociped firgeell an@rcomampgeneaﬂs f@t motiwingta fifst corﬁnmmcahEEE,onPart

F, Vol. 132 Nogai@. ﬁrﬂpsubg%cfloﬁlxe:(n]sgﬁ)?)fog\ﬁactdfl‘g,\ngz?cheéﬂ %&ﬁ;nql o 2? v% lPgse! In

order to provide wreless access to one n
(PSTNs), curr ¥t ?%Pﬁﬁtcéyé‘ﬂ@rrssalsbniegpw wrelb| aegans efori rrattsymgasae second

stations, and @mmunication from the base station associated with said second cell, said second
communication corresponding to communication from said mobile subscriber to said
10 first subscriber, and means for sending said second communication to said first
subscriber, said first and second communications being exchanged between said first
subscriber and said mobile subscriber such that the integrity of said call is
maintained as said mobile subscriber crosses from said first cell to said second cell.

8. A station as claimed in claim 7 wherein said first and second
15 communications are sent and received over a local area network (112).

9. A station as claimed in claim 7 or 8 wherein said means for
forwarding a first communication comprises means, responsive to information stored
in said first communication, for translating said information stored in said first
communication to a first route, said first route corresponding to a transmission path

20 to the base station associated with said second cell.

10. A method of routing a call between a first subscriber and a mobile
subscriber which is crossing from a first cell to a second cell, said method
comprising the steps of sending to a first base station (101), which is associated with
said first cell, a first communication from said first subscriber, said first base station

25 being in communication with said mobile subscriber when within said first cell, and
forwarding said first communication from said first base station to a second base
station (e.g. 102), which is associated with said second cell, when said mobile
subscriber crosses from said first cell to said second cell, said second base station
being in communication with said mobile subscriber when within said second cell.

30 11. A method as claimed in claim 10 comprising the steps of sending a
second communication from said mobile subscriber to said second base station, and
forwarding said second communication from said second base station to said first
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| east one mobile tel ephone switching office (MISO. The MISO is connected
to a plurality of base stations, each which nay be | or
optical fiber lines to a plurality of canisters, IHIIE “W sn1t
and receive radio signals fromlocalized-ri8bil e subser ers sne Wi t hi

t he boundary of a mcrocell. That is, radiation coverage of a given cel

may be acconplished by an overlapping grid-1ike pattern of radiation from
cani sters eactdaHPR |%néa@r@ﬁ§&1ﬁgkscnmi(§msd¢h§pm sapdy finst cgHite tsaid second
comuni cat es tRnobil e subscribers by way of two way radio signals to the
transducers and, then to the base station, via optical fibers, coaxi al
cables and the like. Typically, these canisters may be nounted on | anp
posts, utility poles and the |ike, and noreover, nmay utilize a |ineal

| i ne- of -si ght coverage of 200-2000 foot segnment of roadway. Thus, these
canisters act as a grid-like distributed antenna for both transmtting and
receiving radio signals. The infrastructure of such a systemis the

conbi nati on of hardware and software that |inks base stations with cellular
swi tches and cellular switches with one another as well as PSTN

subscri bers. See, for exanple, co-pending U S. Application Serial No. 333,
490, which is commonly assi gned.
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- 6- As described earlier, the conplexity of a cellular system
.1s due in part to the nobility of the subscriber. In contrast to a network
system for fixed subscribers, in order to establish a call, a cellular
system nust identify the |ocation of the subscriber and, nore inportantly,
must hand off the call between cells, as well as mcrocells, as the

subscri ber noves fromone cell t.o another. As cells becone smaller, the
nunber of handbkstractbet ween cells, specifically, base station to base

station, becomes ms*?hgﬁumﬁﬁwﬁén@@e OMELUMARTOMYUNIATION SYSTRRACT Y

of the ceIIuIar he 1 nventive cellular conmunication
system in ordek ceBulanspitghiagtgystem and architecture is described in which the switching

associated with a call originated within one cell (e.g.101) but now serviced within
5 another cell (e.g.102) is distributed among base stations which are interconnected
with each other through a local area network (112). The routing procedure
associated with the point of origin for a given call is stored in the memory of a
switch of public switched telephone network. As an active subscriber crosses a cell
boundary, the switch routes all packets of information for the given call to the
10 originating base station for the duration of the call. Each base station then forwards
each packet to the subscriber’s current base station via the local area network (112).
In this manner, the architecture is unaffected by the increased crossing between cell
boundaries since the switching associated with those calls not within the range of the
initial base station is handled in a distributed manner by each base station via the
15 local area network.
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swi tching capacity of present networks exploits a distributed comrunication
.architecture to distribute and, thus, off |oad the swtching to each base
station and indirectly to each wireless termnal or subscriber.

Furthernore, by connecting base stations directly to the nearest |ocal
exchange office of the PSTN via a high speed transm ssion |ine, nost of the
switching, other than the switching associated with cell crossings by
subscribers, is handled by the | ocal exchange,office. As such, the need for
any MISO i s obvi at ed. Shown in Fidgs, 2 is an exenplary system
architecture for a nobile cellular communi caf|i\6? system In addition to

ext endi ng coverage to nobil e subscri bers, t hel Jystem nay serve stationary
fleferred to as a "personal

subscri bers and, thus, nore properly could ;ﬂ

and mcrocel |l ul ar communi cati on systent. {? he exenpl ary cel |l ul ar
network systemis described in terns of "cfg’ it is to be understood,
however, that the term"call" as used herfe, s‘ﬁ)in the system depi ct ed,

i ncl udes any type of comrunications, sSugh ay h;- transm ssi on of data,
facsimle, audio, \{deg,~and the Iik&““g As shown in FIG 2, the
exenpl ary nobile CQFIulaf'ﬁysten1conpri§§§ b

as5e stations 101 through 108,

each which serve a§i (s(t(t‘t geographically area or
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cell. Further, each base station is connected to the trunks of the public
.swiitched tel ephone network (PSTN). In the preferred enbodi nent, each base
station is connected to cl osest exchange office for the PSTN via high
transmssion lines I1l, for exanple operating at 1.544 Mps, such as a T1
transm ssion line having twenty- four two-way voice channels. It is
contenpl ated, however that a subscriber |oop carrier (SLC
thirty-two two-way voice channels nmay al so be utilized. Each bg
accepts and delivers information in the standard format of the
exanple, the voice format may be 64 kb/s conpanded pul se code
Furthernmore, the base stgtion converts this information to angA
[ —

SIGNALING FRON PS

TO TRUNKS OF PUBLIC SWITCHED TELEPHONE NETWORK
TO TRUNKS OF PUBLIC SWITCHED TELEPHONE NETWORK

2

FIG.
o



-7- format of the wireless term nal access physical |ayer by means such as
transcoders and channel coders corresponding to the access environnent of

t he nobil e subscriber. Each base station sends packets to the appropriate
cani ster by inspecting the packet header and, then routing the packets
accordingly as indicated by a | ook up table. Cani sters 101-1

t hrough 101-4, 102-1 through 1024, etc, each conprising a transducer for
comuni cating to and from nobil e subscribers via radio signhals are
interconnected with their respective base station via a network of opti cal
fibers 109. It should be noted that coaxial cables may repl ace optical
fibers 109. From base stations, calls are sent over trunks of transm ssion
lines 111 to exchange offices of the PSTN for subsequent routing to the
called party,_ For ease of explanation in the proceedi ng description, base
stations 10 fGr.ougl 108 have the literal designation A through F,
respectively, while each cani ster has been nunbered 1 through 4, as shown
in FIG 2. i j j i '
anal yzi ng neasuxe
determ nes the

nts of signal strength and channel

t MOBILE mi crocel CANISKER is

availability

SUBSCRIBER \V PUBTLEIEE;:V(I)LCEHED
A
BASE  STATION iy
Ad A
A4
"SERVICE” - -—
A A-4THd
"UNE
— — ASSIGNMENT
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A A-4T14 M AT
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M A-TI
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cani ster, for establishing communication to the base station and, then, the
.called party. Inportantly, for the duration of the call, the original line
assi gnment sel ected on high speed transm ssion |ines 111 is used for

sendi ng and receiving packets of information. In order to assure snooth

fl ow of conmuni cati on packets to the originally assigned |ine,afach

subscri ber supplies in each of i«sts transmtted packets his peesent base
station and canister identification as well as his original Eage station
and line assignment, e.g. A4/ A-4T14 (current |ocation: base<$t&ion A
canister 4; original |ocation: base station A, 14th channel assignnent on

one of 24 channels available on the fourth Tl transn ney-
contenpl ated that communi cation fromthe subscriber to the base st S
may be either analog or digital. In either case, subsflibers would X
comuni cate via wel | -known techniques for sharing |ing}ed radio chaknel
resources anong a | arge nunber of users, such as ti me";"li@i 1 on mul lépl"ﬁ
access (TDwWA), frcgoezency di vision multiplexing (FDVW an@t i k. <
. Laj b [an
Net wor k Control Ex | es By referring to thigesexa es: =
subscriber initi & calls, hand overs between base sgﬁ-ons andf outsi de
subscriber initi @% calls, we show how the & @
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i nventive cellular comunication system organi zes and controls the flow of

dIAOANYH
LEIE}

More i nportantly,

t hese exanpl es show how the switching burden is distributed anong base
i ncreased crossings

i nformati on.

particularly in the case for

es by nobil e subscribers.
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i nformati on and system contr ol
bet ween cell boundast

subscri ber
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Subscriber Initiated Calls FIG 3 shows one exenplary scenario
.for,establishing a call set up froma nobile subscriber to a called party.
It should be noted that in FIG 3, each packet is represented by a
illustrative "postcard” in which the present base station and cani ster
identification are shown in the upper |left hand of the postcard, the
original base station/j ne assignnment is shown in the upper right hand
portion of the postcafdsyand the data or "information field" is shown in
the center portion. Iff ©his figufe, the]horizontal direction represents

| ocation and thesvert direction_ repfesents tine, with the sequence of
packet transfeyairo ott pm Hach packet is indicated by a

rect angl e. @ S , the $Bbscribgr deternines the optiral
microcel | forSeiabl pnmrupi caki on tola called party based dn the

signal strengthz®o t bt cani Ster|ass¢ciated with the mcrodell.
Accordingly, the sub\(‘ hen{eends {o the chosen canister its |current
| ocation, for exandr&\ 5i gnatirjg base $tation A and canister} or

m crocel | 4. Canister'AA’reIays t he jnessagejand the identity of tHe
subscriber to base station Ajvia filder 109. ]It is contenplated that the

cani ster may c ri sganadi freﬁﬁency det ¢ctor and associated cijrcuitry
%% ba

to nodul ate a | t &ngm tEer fgg transm §ting optical signals tjo the
base station. T, se sflatign uses%
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the nessage received to authenticate
.cal.| er is authorized to place a call,
t he base station and canister ID, and
assignnment, for exanple 4T14 desi gnat
transmssion line I'll. Additionally,
the subscriber _as well as its assigne
mobi | e subscrifpgi(Gst ofds the assigne
packet its present |ocation and give
i ndi cating: present base station A_a
and channel assignnent 14 on the f
response to the dial tone sends a aﬁ
. t

nunber. This bl es the bH&KE&tat
throughthe%&gws- i [[ elo
party. | npor 1s'es ..U
rout ed for SYHSERIA

resg
ation of t

the calling subscriber and, if the
assigns a line for the call, stores
inforns the canister as to its |ine
ing channel 14 on the fourth T1
t he base station sends a dial tone to
dline trunk via canister A4. The
| ine in order—to-send in future

line allo atlon uch as A4/ A-4T14,
d_dankGiier origijnal base station A
uf t h |TRANBUARER ﬁ—}ther t he subscriber in

ket contai ni nglthe call ed party s
to attenpt toyestgblishl@FsBhnection

d |subscri ber are
al'ly chosen base

e called party
hBASEOSTATIOR ori gi

station and trunk line, in t}f xan@_e base station _gnd trunk line 4T14,
respectively. I .nz«Am
r BASE —|
LSTATION _]
FIG. 8 ~ .
= | ROUTE
;“t‘ TRANSLATOR ": " V
oy L AT o St
PSTN HERRRRE | ST
| PACKET BASE STATION
HEADER % Z(LAN)
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As long as the subscriber remains in a single mcro eII packets rmve from‘
the wireless termnal to base station to the centra, exchange of fick' |n a _
strai ghtforvvard manner. Typically, the bidirectional flow of speecH ER --"f-

| nE-ormat gFr‘,is of a sequence of talk spurts, alternating in . - owsd

di RéELfibni‘- lbﬂit Bath tal k spurt contaihing several packets. Typically, rts,h'ei

wiir ¢t ess term nal% hr ough whi ch the subscri ber sends packets of information
c

meyq ﬁaq)n T aggypeech activity detector such that no.packets are :genenpied
' he siTent gapy hetween taldqes¥RiFrep SWiCRIRIG Bet ween Base Stations -~

CELLULAR COMMUNICATION SYSTEM

—
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This invention relates to cellular switching systenms,
to base stations, and to methods of call routing.

Background of the Invention

Mobile telephone service provides a means for telephone conversations
to be originated from or terminated at, a moving vehicle or portable unit. Typically,
frequency modulation (FM) radio channels are used as links between mobile units
comprising wireless terminals and a mobile telephone switching office (MTSO) via
base stations that serve geographically localized mobile subscribers. Furthermore,
cellular techniques are presently utilized in order to enable high volume traffic to
operate over a limited number of available radio channels allocated by the Federal

- Communications Commission (FCC). Typically, in cellular systems, by dividing
large geographical areas, called cells, into smaller geographical areas or microcells,
the same radio channels in different microcells may be reused.

While this new cellular architecture greatly increases the traffic volume
which may be handled, sophisticated routing and switching equipment is required 10
maintain the integrity of each call as a subscriber moves from one cell to another. In
particular, as an active subscriber moves from cell to cell, the switching system
assigns a new radio frequency channel and, moreover, assigns appropriate
communications resources to route signals from and to the new cell and the called
party. Unfortunately, as the number of active subscribers increases dramatically and
the size of the cell is further decreased in order to handle the traffic volume, a greater
demand is placed on the switching architecture because of the increased frequency
with which active subscribers cross cell boundaries. It is anticipated that within the
next few years, the required switching capacity will become prohibitively large for
existing mobile cellular switches and the associated mobile network architectures.

Various proposals have been suggested to alleviate the anticipated
demand for mobile radio scrvxcc While larger cellular switches may be able to

increa
handle the / trai'gc volume, they are relatively expensive and may not be
readily available for short terms needs. More importantly, circuit switch
architectures and network architectures of present cellular systems generally do not



The inventive cellular communication system handsPRACAMENY YiiEpne base
station to another when the wirel ess termnal (sybscriber)--det-grfr nes that
the call can best be handl ed by another canistegr|w Qlﬁﬂfﬂa' ew pape station.
FIG 4 is a schematic representation of an exe Iari/ di%Ver! pr ot ocol .
Initially, the termnal initiates the hand oveL::y...r.eques.u..n of channel

assignnent in the new base station and‘?éspect ve canister, for fexanple,
fromA4 to B2. It is should be recalled that e “WrT-et-ess—-+ nal sends

in its packeffolrax@aidel boveealier @tienliag e 15 patit @, TN GRAnShSHas E@é@&&?ﬂ as wel|
as its previous base station.location and [iné trunk assignmeiit, thus off

| oadi ng f r ofIANG ARt HHch gfsategresdae swuitehing Burdsn dig HCRFRZFINGJpon a
request frobotidarscdosdng derellline éﬂh&j&ﬁ@he @?ISHQ'S fﬁl%B]EU.S.nPithﬁ Ntﬁwgba.%gé,st at :c on,
base statio | new radi o _channel, and informs t subscri ber o

t he new ass%&?%lglgr%g%&%ng’h% ‘ﬁg?cﬁan&?%?ra?'%qdﬁe“’t‘ﬁQy%{ﬁ?@F‘F‘b@‘rpmff‘Fi es it
packet headé&oofiman sdabhdsudividmgpapkledtof adfntrdtivinrigtol the spgmemithbm?m'tl@n, . ‘
previous |o | : ' [ ' ldentifies a

heul v rocer o esnaral BSE ARG c e IR AN b AP T RRIR 1 0% e

ori gi nal ba§kangeas thsrachve subseniker mavas frameeslie coldr Routg priocaruessat es at a

hi _ghht ranSgh&%&i@l&dmﬂgﬁn@d{ﬁ{a'ﬁ@&&hﬁ&%' ncﬁﬁtﬁﬁl(%@%%m;eéﬁeﬁg@%%se may 'Pg t ?gvf{)bs
Cus .
\émalsg S[Tg%/i Oﬁgo?%q;ipl é@gﬁ?gﬁo&ﬁg gv%‘ftchacgn?y ggce, a{ the beginning of the call. However?

routing procedures associated with the information that do change may be derived
from the header of its packet received by the switch. As such, an exemplary
switching architecture would comprise two separate units, one of which establishes
the initial route and the other which is used to vary only that portion of the header
which changes as a subscriber crosses a cell boundary. While this cellular
architecture and the associated infrastructure permits rapid growth by distributing
many of the switching and control functions to additional modular units which may
be added as warranted by the traffic volume, it is highly desirable to mitigate the
need for additional modular units, reduce the complexity of switching operations
associated therewith and further reduce the switching burden on switches. _
DE-A-2625475 discloses a method for automatically changing the range
of radio communi¢ations for a radio telecommunications system. The system
includes permanent radio telephone stations and mobile radio telephone stations.
Each permanent radio telephone station is connected to the public telephone network
by mobile switching centers. At least one specific duplex signaling channel and a
plurality of specific duplex speechannels are assigned for signal and speech
transmission. A mobile telephone station selects a first permanent radio telephone
station with the best reception prior to establishing a connection. The level of HF
signals received on the occupied speech channel is constantly monitored during an
existing speech connection by the receiver of the mobile radio telephone station.
When reception ceases to be satisfactory, a second permanent radio telephone station
with the best reception conditions is then selected. The mobile radio telephone
station then transmits its own identification code and the radio telephony area code
of the second permanent radio telephone station to the first permanent radio
telephone station through which the connection was originally made. A telephone
connection is created over the public telephone network by the first permanent radio
telephone station to the second permanent radio telephone station designated by the



recei ves the packets, data is sent through the original assigned channel to
the PSTN. Moreover, base station A updates the subscriber current |ocation
in a translational ook up table to forward all received packets for the
subscri ber to base station B via the | ocal area network. Because the
exchange office plays no role in the hand over process, or calls fromone
base station to another or cell to celt,3rts work load is unaffected by the
vol une of hand overs, and thus may be extrenely high. It should
be noted that the subscriber constantly nonitors for the best base station
and canister to communicate with the called party. If the optimum cani ster

i s within thdiodelephonylardade sTht sanond permueastadiosclplamefsarios @ssigmsané r om

t hat mobile radio telephone station a speech channel on which the conversation can be
continued.

IEEE COMMUNICATIONS MAGAZINE vol. 27 no 7, July 1989,
PISCATAWAY, NJ US pages 20-29 STEELE *The Cellular Environment of
Lightweight Handheld Portables’ discloses interfacing micro cells with a LAN.
Micro-base stations (BSs) are connected to an optical LAN. The optical fiber
connects all the BSs in a cluster to the mobile switching centre via a loop. Packet
slots circulate around the loop with a bit in its header signifying whether it contains
data. When a BS transmits data it waits until an empty slot arrives, marks it full, and
loads it with its radio packet(s).

According to one aspect of this invention there is provided a cellular
switching system as claimed in claim 1. |

According to another aspect of this invention there is provided a base
station as claimed in claim 6.

According to a further aspect of this invention there is provided a
method as claimed in claim 9.

A new switching system and architecture which is particularly effective
in addressing the problem of increased switching burden due to the increasing
frequency of boundary crossings as cellular radio cells become smaller has, as an
important aspect thereof, the realization that a large percentage of the switching and
control functions can be distributed among base stations, which serve a number of
individual subcells or microcells, as well as individual wireless terminals, i.e.,

* subscribers. The routing procedure associated with the point of origin for a given
call may be stored in the memory of the switch. As an active subscriber crosses a
cell boundary, the switch forwards all packets of information for the given call to the
originating cell for the duration of the call. Importantly, each subscriber informs the
base station of its current location such that each base station may forward each
packet to the subscriber’s current base station via a high speed local area network,
which interconnects each base station. In this manner, the inventive architecture is
unaffected by the increased crossing between cell boundaries since traffic consisting
of those calls not within the range of the
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the art. In the scenario where tHe [chddg@Cbfi%%as¢ $tation is
far fromthe original base station, suchgas firam G to F2, thaf is, the
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accomplished by real time translation or memory/bus transfer operations, which are

' relatively simple operations. In an embodiment of the invention, each base station is
connected to other base stations via a local area network utilizing a form of digital
transmission commonly known as time division multiple access (TDMA).

In a specific embodiment of the invention, clusters of microcells
typically serving subscribers from :. fixed canisters that are mounted on lamp posts,
utility poles and the like route calls from and to mobile subscribers via base stations
through optical fibers. Each base station routes calls to the nearest exchange office
via T1 or subscriber loop carrier (SLC) transmission lines, leaving most of initial
switching functions to be performed by the exchange switch. Additionally, each
base station is connected to other base stations through a high transmission capacity
local area network (LAN) such that calls initially routed to one base station will
always be routed to that station even if the present subscriber is located within the
service area of another base station. As such, routing will be established from the
original base station to the current base station of the subscriber through the local
area network. Thus, the local area network serves only those calls that did not
remain within the range of the initial base station but moved during the duration of
the call.

Brief Description of the Drawing
A more complete understanding of the invention may be obtained by

reading the following description in conjunction with the appended drawing in
which:

FIG. 1 is a schematic representation of a prior art cellular
telecommunications system;

FIG. 2 is a schematic representation of an embodiment of the inventive
cellular communication system;
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station F. Public Subscriber Initiated Cal{sj 1 1997
an When a call is originated frjom an %BPL 8% partly to a nobile
subscri ber, the signaling is routed to nels ter-base—stati-ond113, as shown in
FIG 6. Master station 113 pages all base stations 101 through 108 to
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master station 113 to redirect the qQutside signaling to the éxchange office
of the curr83HORUWBIR} o thesinyentye el ulap FrommyaicaBees S5¥M-on recei ves the
i ncomng call and assign a trunk line for the call, storing the base and
cani ster lDde Lt se%int resource allocation, e.g. C4/C8T17. The base
station sends—o—+ .5‘& PR 5 the subscriber and its |ine assi gnment, with
t he subscri ber st oriTypitdlly, télhidaragstegs amdoncésudizzdias agdckihg ofhexagombent

fromcel | t %e&&kfnhicﬁltl?éas,i o Jgﬁp%a&( Ila\}cillié) definite and sharp boundaries between
adjacent cells, as shown in FIG. 1. As cellular systems become more popular, the
cells become saturated due to the /2" of Migte active subscribers within a given
cell than there are available channels, that is allocated radio frequencies or time slots.
Advantageously, cellular radio has within it an inherent technique, called "cell
splitting”, for dealing with such an increase in subscribers. In utilizing "cell
splitting"™, the size of the cell is reduced to smaller geographical areas, called
microcells, permitting the reuse of the same radio channels in different microcells,

each covering a non-interfering defined coverage area. See, for example, R. Steele et '
al., Proc. IEEE, Part F, Vol. 132 No. 5, pp. 396-404 (1985). As further illustrated in
FIG. 1, in order to provide wireless access to public switched telephone networks
(PSTNs), current cellular systems contain wireless terminals, base stations, and at
least one mobile telephone switching office (MTSO). The MTSO is connected to a
plurality of base stations, each which may be linked via coaxial or optical fiber lines
to a plurality of canisters, which serve to transmit and receive radio signals from
localized mobile subscribers defined within the boundary of a microcell. That is,
radiation coverage of a given cell may be accomplished by an overlapping grid-like
pattern of radiation from canisters each comprising a transducer. Accordingly, each
canister communicates to mobile subscribers by way of two way radio signals to the
transducers and, then to the base station, via optical fibers, coaxial cables and the

‘like. Typically, these canisters may be mounted on lamp posts, utility poles and the
like, and moreover, may utilize a lineal line-of-sight coverage of 200-2000 foot
segment of roadway. Thus, these canisters act as a grid-like distributed antenna for
both transmitting and receiving radio signals. The infrastructure of such a system is
the combination of hardware and software that links base stations with cellular
switches and cellular switches with one another as well as PSTN subscribers. See,
for example, co-pending U.S. Application Serial No. 333, 490, which is commonly
assigned.
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cell to cell is effectuated in a sinilar mann[x;t? LAL t.._. ;
- shoul d be noted that the above hand over prot c,ol s are for |I§I L}lstratlve
pur poses only and various alternative protoc Is; exishe "j'ﬂ;\a
Those skilled in the art will readily note tHatj most - o he haid over
procedures from base station to base statlon or—tanister—te-ta |ster can be
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I npl emented with sinple route translati® o ci nmenor y/ bus trans
operations, as noted above. Shown in FIGs. 7 through 9 are exeTrpI ary routes
anong t he PSTN, As described earlier, the complexity of a cellular system is due in part to

the mobility of the subscriber. In contrast to a network system for fixed subscribers,
in order to establish a call, a cellular system must identify the location of the
subscriber and, more importantly, must hand off the call between cells, as well as
microcells, as the subscriber moves from one cell to another. As cells become
smaller, the number of hand offs between cells, specifically, base station to base
station, becomes prohibitively large, overwhelming the switching capacity of the
cellular switch. '

The inventive cellular communication system in order to increase the
switching capacity of present networks exploits a distributed communication
architecture to distribute and, thus, off load the switching to each base station and
indirectly to each wireless terminal or subscriber. Furthermore, by connecting base
stations directly to the nearest local exchange office of the PSTN via a high speed
transmission line, most of the switching, other than the switching associated with
cell crossings by subscribers, is handled by the local exchange office. As such, the
need for any MTSO is obviated.

Shown in FIG. 2 is an exemplary system architecture for a moboile
cellular communication system o
In addition to extending coverage to mobile subscribers, the system may serve
stationary subscribers and, thus, more properly could be referred to as a "personal
and microcellular communication system". While the exemplary cellular network
system is described in terms of “calls”, it is to be understood, however, that the term
“call” as used here, and in the system depicted, includes any type of
communications, such as the transmission of data, facsimile, audio, video, and the
like. _

As shown in FIG. 2, the exemplary mobile cellular system comprises
base stations 101 through 108, each which serve a distinct geographically area or
cell. Further, each base station is connected to the trunks of the public switched
telephone network (PSTN). In the preferred embodiment, each base station is
connected to closest exchange office for the PSTN via high transmission lines 111,
for example operating at 1.544 Mbps, such as a T1 transmission line having twenty-
four two-way voice channels. It is contemplated, however that a subscriber loop
carrier (SLC) line handling thirty-two two-way voice channels may also be utilized.
Each base station accepts and delivers information in the standard format of the
PSTN. For example, the voice format may be 64 kb/s companded pulse code
modulation. Furthermore, the base station converts this information to and from the
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comprising a transducer for communicating to and from mobile subscribers via radio

signals are interconnected with their respective base station via a network of optical
fibers 109. It should be noted that coaxial cables may replace optical fibers 109.
From base stations, calls are sent over trunks of transmission lines 111 to exchange
offices of the PSTN for subsequent routing to the called party. For ease of
explanation in the proceeding description, base stations 101 through 108 have the
literal designation A through F, respectively, while each canister has been
numbered 1 through 4, as shown in FIG. 2.

A mobile subscriber in a given microcell by analyzing measurements of
signal strength and channel availability determines the optimal microcell, that is
canister, for establishing communication to the base station and, then, the called
party. Importantly, for the duration of the call, the original line assignment selected
on high speed transmission lines 111 is used for sending and receiving packets of
information. In order to assure smooth flow of communication packets to the
originally assigned line, each subscriber supplies in each of its transmitted packets
his present base station and canister identification as well as his original base station
and line assignment, e.g. A4/A-4T14 (current location: base station A, canister 4;
original location: base station A; 14th channel assignment on one of 24 channels
available on the fourth T1 transmission line). It is contemplated that communication
from the subscriber to the base stations may be either analog or digital. In either
case, subscribers would communicate via well-known techniques for sharing limited
radio channel resources among a large number of users, such as time division
multiple access (TDMA), frequency division multiplexing (FDM) and the like.

Network Control Examples

By referring to three examples: subscriber initiated calls, hand overs
between base stations and outside subscriber initiated calls, we show how the
inventive cellular communication system organizes and controls the flow of
subscriber information and system control information. More importantly, these
examples show how the switching burden is distributed among base stations,
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Subscriber Initiated Calls

FIG. 3 shows one exemplary scenario for establishing a call set up from
a mobile subscriber to a called party. It should be noted that in FIG. 3, each packet
is represented by a illustrative "postcard” in which the present base station and
canister identification are shown in the upper left hand of the postcard, the original
base station/line assignment is shown in the upper right hand portion of the postcard,
and the data or "information field” is shown in the center portion. In this figure, the
horizontal direction represents location and the vertical direction represents time,
with the sequence of packet transfer from top to bottom. Each packet is indicated by
a rectangle.

First, the subscriber determines the optimal microcell for establishing
communication to a called party based on the signal strength to the nearest canister
associated with the microcell. Accordingly, the subscriber then sends to the chosen
canister its current location, for example A4, designating base station A, and
canister or microcell 4. Canister A4 relays the message and the identity of the
subscriber to base station A via fiber 109. It is contemplated that the canister may
comprise a radio frequency detector and associated circuitry to modulate a laser
transmitter” for transmitting optical signals to the base station. The base station uses
the message received to authenticate the calling subscriber and, if the caller is
authorized to place a call, assigns a line for the call, stores the base station and
canister ID, and informs the canister as to its line assignment, for example 4T14
designating channel 14 on the fourth T1 transmission line 111. Additionally, the
base station sends a dial tone to the subscriber as well as its assigned line trunk via
canister A4. The mobile subscriber stores the assigned line in order to send in future
packét its present location and given line allocation, such as A4/A-4T14, indicating:
present base station A and canister 4; original base station A; and channel
assignment 14 on the fourth T1 line. Further, the subscriber in response to the dial
tone sends a packet containing the called party’s number. This enables the base
station to atternpt to establish a connection through the PSTN vis-a-vis the local
exchange office switch to the called party. Importantly, responses from the called
party and subscriber are routed for the duration of the call through the originally
chosen base station and trunk line, in this example base station A and trunk
line 4T 14, respectively.
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subscriber sends packets of information may contain a speech activity detector such

that no packets are generated in the silent gaps between talk spurts.

Hand Over Between Base Stations
The inventive cellular communication system hands a call from one
base station to another when the wireless terminal (subscriber) determines that the
call can best be handled by another canister within a new base station. FIG.4is a
schematic representation of an exemplary hand over protocol « '
Initially, the terminal initiates the hand over by

requesting for channel assignment in the new base station and respective canister, for
example, from A4 to B2. It is should be recalled that each wireless terminal sends in
its packet header its current base station and canister location as well as its previous
base station location and line trunk assignment, thus off loading from the base
station any resources required for tracking. Upon a request from the subscriber for
channel assignment in the new base station, base station'B assigns a new radio
channel and informs the subscriber of the new assigned radio channel. Accordingly,
the subscriber modifies it packet header for all future packets containing its present
location, previous location, and assigned line. New base station B identifies all
newly received packet from the subscriber and sends the packets to the original base
station A via the local area network, w ic% operates at a high transmission rate.
Various local area networks are well /  in the art which may be utilized and,
hence, are not discussed here. When the previous base station, here station A,
receives the packets, data is sent through the original assigned channel to the PSTN.
Moreover, base station A updates the subscriber current location in a translational

* look up table to forward all received packets for the subscriber to base station B via
the local area network. Because the exchange office plays no role in the hand over
process, or calls from one base station to another or cell to cell, its work load is
unaffected by the volume of hand overs, and thus may be extremely high.

It should be noted that the subscriber constantly monitors for the best

base station and canister to communicate with the called party. If the optimum
canister is within the original base station, a request is made for service from that
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as clai med igniet, PaBERIHE 14 Bl WARY AtdsehBR0/4%hé base station, but routed to a
different canister by means such as packet switching based on translational look up

tables, which are well-known in the art.

In the scenario where the change of base station is far from the original
base station, such as from G2 to F2, that is, the subscriber originated the call from
location A4 and is now requesting a reassignment from G2 to F2, the subscriber’s
request for reassignment is made to base station F. FIG. S is a schematic
representation of an exemplary hand over protocol. Base station F informs the
subscriber as to its new channel assignment such that the subscriber modifies its
packet header to F2/A-4T14, indicating its current location, prior location and line
assignment. Importantly, base station G stores the forwarding address, e.g. F2/A-
4T14, so that packets already routed to base station G will be forwarded to base
station F. Subsequently, base station G erases the prior assignment from its
forwarding look up table after a certain prescribed time which is related to the size of
the local area network. Packets from the mobile subscriber are sent to base
station/canister F2, with base station F routing information packets to base station A
via the local area network. With base station A storing the subscriber’s line
assignment and modifying the subscriber’s current location in its look up table, base
station A sends packets received from the PSTN to base station F.

Public Subscriber Initiated Calls an

When a call is originated from/ outside party to a mobile subscriber,
the signaling is routed to master base station 113, as shown in FIG. 6. Master
station 113 pages all base stations 101 through 108 to locate the called mobile
subscriber. Upon locating the subscriber, the subs;cribcr answers through the

optimum canister, for example canister C4, and informs the base station of its
current canister and base station location. The base station assigns a channel for the
call and notifies master station 113 to redirect the outside signaling to the exchange
office of the current subscriber’s base station. The base station receives the
incoming call and assign a trunk line for the call, storing the base and canister ID for
subsequent resource allocation, e.g. C4/C-8T17. The base station sends a ring tone
to the subscriber and its line assignment, with the subscriber storing the line
assignment. As discussed above, movement from cell to cell, that is hand off from
cell to cell is effectuated in a similar manner.



associated wth each of said plurality of base stations conprises a
"plurality of mcrocells ( 101-1-- 108-4). 6. A base station
(101) for use within a cellular comrunication system for routing a call
froma first subscriber to a nobile subscriber, said nobile subscriber
crossing froma first cell to a second cell, said base station having an
associ ated first cell and conprising nedds~for receivi ng a first

comuni cation from said first subscriber, neans for forwarding said first
conmmuni cati on to theltshoald st aritdthatshe abpwt bthdvven peapahlsae dordllssatakive and
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implemented with simple route translation and memory/bus transfer operations, as
noted above. Shown in FIGs. 7 through 9 are exemplary routes among the PSTN,
local area network, canisters and base stations for the flow of packets of information
between a mobile subscriber and called party. It should be noted that information
packets from subscribers are either directly routed by base stations to the PSTN or
relayed to another base station by means of the local area network. The address
field, that is base station/canister, in each packet header provides the routing
information to base stations corresponding to appropriate destination of each packet.
Similarly, packets received by base stations from the PSTN are routed to appropriate
canisters for communicating with the subscriber or routed via the local area network
to the appropriate base station corresponding to the address field in each packet
header. As described earlier, information packets send over the local area network
are routed to a canister, base station or the PSTN, as shown in FIG. 8.

Although the foregoing embodiment has been described as an example '
with eight base stations each with four canister or microcells, the invention also is
contemplated to operate with many more or less base stations and canisters.
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7. Astation ds clainmed in claim6 wherein said first*and secen

communi cat i onsl_are_sent.-ang-+ecei ved overlZa-l ocal area network (112).

8. A station as clainmed in claim7 or 8 wherein said neans for forwarding a
first conmunication conprises neans, responsive to information stored in
said first oOkimsi cation, for translating said information stored in said

first conmunicationgt jrst.route. said first rqute corresponding to a

transm ssion path t(l)' gh%“[%glgg&“s[ftg?# %b[%{gé%rcrf"é?%a quﬁ‘gﬁﬁnda @:ggond cell.

9. A net hod subsaribat dndge mobidd $ubbaibee.enidasykiemstonsprissng 4 bleraligndf kaserobi | e
stations (101-108) each having an associated cell, each of said plurality of base

stations comprising means for communicating with said mobile subscriber when said
mobile subscriber is within the asociated cell of said base station, at least one of said
plurality of base stations comprising means, responsive to said mobile subscriber
crossing from a first cell to a second cell, for forwarding a first communication from
said first subscriber to the base station associated with said second cell such that the
integrity of said call is maintained as said mobile subscriber crosses from said first
cell to said second cell, and CHARACTERISED BY

said at least one of said plurality of base stations comprising means for
forwarding a second communication received from said mobile subscriber to the
original base station that established said call between said first subscriber and said
mobile subscriber such that only said original base station directly communicates
with said first subscriber.

2. A system as claimed in claim 1 comprising a local area network (112)
for interconnecting said plurality of base stations wherein said first and second
communications among said base stations are transmitted over said local area
network.

3. A system as claimed in claim 2 wherein said means for forwarding a
first communication to the base station associated with said second cell comprises
means, responsive to information stored in said first communication, for translating
said information stored in said first communication to a first route, said first route
corresponding to a transmission path to the base station associated with said second
cell.

4. A system as claimed in claim 3 wherein said means for forwarding a
second communication to said original base station comprises means, responsive to
information stored in said second communication, for translating said information
stored in said second communication to a second route, said second route
corresponding to a transmission path to said original base station.

5. A system as claimed in any preceding claim wherein the cell
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6. A base station (101) for use within a cellular communication system
for routing a call from a first subscriber to a mobile subscriber, said mobile
subscriber crossing from a first cell to a second cell, said base station having an
associated first cell and comprising means for receiving a first communication from
said first subscriber, means for forwarding said first communication to the base
station associated with said second cell, and CHARACTERISED BY

means for receiving a second communication from the base station

associated with said second cell, said second communication corresponding to
communication from said mobile subscriber to said first subscriber, and means for
sending said second communication to said first subscriber, said first and second
communications being exchanged between said first subscriber and said mobile
subscriber such that the integrity of said call is maintained as said mobile subscriber
crosses from said first cell to said second cell.

7. A station as claimed in claim 6 wherein said first and second
‘communications are sent and received over a local area network (112).

8. A station as claimed in claim 7 or 8 wherein said means for
forwarding a first communication comprises means, responsive to information stored
in said first communication, for translating said information stored in said first
communication to a first route, said first route corresponding to a transmission path
to the base station associated with said second cell.

9. A method of routing a call between a first subscriber and a mobile
subscriber which is crossing from a first cell to a second cell, said method
comprising the steps of sending to a first base station (101), which is associated with
said first cell. a first comunication from said first subscriber, said first base station
being in communication with said mobile subscriber when within said first cell,
forwarding said first communication from said first base station to a second base
station (102), which is associated with said second cell, when said mobile subscriber

-crosses from said first cell to said second cell, said second base station being in
communication with said mobile subscriber when within said second cell, sending a
second communication from said mobile subscriber to said second base station, and



CHARACTERI SED BY forwardi ng said second communi cation fromsaid
second base station to said first base station when said nobile subscri ber
crosses fromsaid first cell to said second cell.
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CHARACTERISED BY
forwarding said second communication from said second base station to
said first base station when said mobile subscriber crosses from said first cell to said

second cell.
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Abstract
DISTRIBUTED SWITCHING CELLULAR COMMUNICATION SYSTEM

A cellular switching system and architecture is described in which the switching
associated with a call originated within one cell (e.g.101) but now serviced within
another cell (e.g.102) is distributed among base stations which are interconnected
with each other through a local area network (112). The routing procedure
associated with the point of origin for a given call is stored in the memory of a
switch of public switched telephone network. As an active subscriber crosses a cell
boundary, the switch routes all packets of information for the given call to the
originating base station for the duration of the call. Each base station then forwards
each packet to the subscriber’s current base station via the local area network (112).
In this manner, the architecture is unaffected by the increased crossing between cell
boundaries since the switching associated with those calls not within the range of the
initial base station is handled in a distributed manner by each base station via the
local area network.



