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15 CKGR D T INVENTION
Various systems have been developed and implemented

to match the explosive demand for high-quality wireless
communication. Moreover, with the increased use of wide
area networks (such as the Internet), there has been a

20 tremendous demand for systems which support data
communication.

Personal Communications Systems (PCS) are now being
developed to meet these demands. PACS (Personal Access
25 Communications Systems) is one such PCS that was
developed to support voice, data, and video images for
indoor and microcell use. PACS utilizes digital voice
coding and digital modulation, and is designed to support
low-speed, portable use.

30
As shown in Fig. 1, PACS architecture comprises four
main components: fixed transceivers 4 or portable
transceivers 2 known as subscriber units (SUs); fixed
base units 6 known as radio ports (RPs); a radio port
35 control unit (RPCU) 8; and an access manager (AM) 10.

Each fixed RP 6 communicates with a number of SUs 2 and 4
through an interface A (the air interface) in a manner
which permits each SU to simultaneously access that port
on a multiplexed basis.
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division duplexing rather than the frequency division
duplexing utilized in the original PACS standard.

15 Some of the advantages of PACS arise from its
reliance on relatively small-sized base stations (RPs).
Being both small and relatively inexpensive, RPs can be
widely deployed on utility poles, on buildings, in
tunnels, indoors or outdoors, so as to provide more

20 comprehensive support for wireless access services. With
its relatively small power needs, an RP can be line or
battery powered.

Both PACS and PACS-UB permit wireline-quality voice

25 and data communications services at a price and with a
capacity approaching wireline techniques. These
standards are particularly well suited for use in several
environments, including: (1) wireless local loop
environments; (2) low mobility/high density public access

30 PCS enviromments ; and (3) in-building (residential or
business) telephony and data environments.

For wireless local loop environments and low
mobility/high density public access PCS environments,
35 PACS relies on a system architecture which is based on
Advanced Intelligent Network (AIN) and Integrated
Services Digital Network (ISDN) wireline network
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ISDN is a complete network framework which utilizes

15 common channel signaling (CCS), a digital communications
technique that provides simultaneous transmission of user
data, signalling data, and other related traffic
throughout a network. ISDN provides a dedicated
signalling network to complement the public switched

20 telephone network PSTN. It provides a network for
signalling traffic that can be used to either route voice
traffic on the PSTN or to provide new data services
between network nodes and the end-users.

25 While useful in the above-noted environments which
include AIN and ISDN capabilities, PACS architecture may
not be suitable for wireless loop or mobility PCS
applications where there is no existing wireline AIN or
ISDN infrastructure. Further, PACS appears to have

30 extremely limited applicability to in-building wireless
systems, especially in small business settings.

Within the small business environment, the Small

Computer Systems Architecture (SCSA) may be utilized.
35 SCSA is an open industry specification for computer-based
telephony systems. The SCSA architecture consists of 32~
card nodes with local, non-blocking time slot interchange
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contention bus. Thus, a relatively high degree of
switching is required to provide hardware connectivity.

15 Apart from SCSA systems, other conventional
architectures often utilized in the small business
environment includes variocus key system and PBX
architecture commercially available from
telecommunications equipment manufacturers. Key systems

20 typically serve less than 125 lines; small PBXs typically
serve 125 to 1000 lines, medium PBXs 1000 to 10,000
lines, and large PBXs greater than 10,000 lines.
Frequently, different system architectures are applied to
products in each of these groups. Thus, it is extremely

25 difficult to modify an existing system to provide
additional lines as a number of user increases. As a
result, scalability is relatively limited with such
systems.

30 In view of the foregoing, there is a need for an
architecture which can furnish the advantages of PACS and
PACS-UB wireless access technology in a "village
telephony"” environment (that is, one characterized by a
high density of low mobility users) (for PACS) and in an

35 in-building telephony and data environment (for PRCS~UB),
particularly in a low-cost, modular way. To avoid making
any detailed wireline infrastructure assumptions, there
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an important attribute because a village telephony system
or an in-building voice and data system could span three
orders of magnitude in the number of supported terminals.
15 Further, in view of the explosive growth in demand for
data connectivity (fueled largely by Internet access), it
is desirable that the system be capable of supporting a
range of telecommunication services. Integrated support
for wireline access as well as wireless access is
20 extremely desirable, whether to provide for wireline
voice terminals in a business communication setting or to
achieve significantly higher data communication rates
than is feasible with PACS wireless technology.

25 It is therefore an object of our invention to
provide a telecommunication system that is both highly
cost effective for small scale applications (for example,
those having less than 80 lines), yet field upgrade-
expandable to applications having a significant number of

30 additional lines (for example, 30,000 lines). It is a
further object of the invention to provide an integrated
voice/data telecommunication system that is flexible
enough to handle low bandwidth (for example 64 kbps mu-
law) speech as well as high bandwidth multimedia data

35 switching. Further, it is an object of the invention to
provide a low cost, standalone PACS system for "village
telephony” or “PACS-on-POTS" applications, as an
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Further, it 1% an object of the invention to provi de a | ow cost,
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’ gracefully scales from applications requiring very few
lines (for example, less than ten) up to systems with
30,000 lines. Finally, the system backplane has
20 sufficiently large bandwidth to support high-speed
wireline connectivity to desktop computing stations. In
addition to voiceband-rate voice and data connectivity to

desktop and wireless voice and data terminal equipment.

25 Other advantages of the invention will be apparent
to those skilled in the art in view of the description
set forth below.

BRIEF DESCRIPTION OF THE DRAWINGS
30 In the drawings:

Fig. 1 is block diagram of conventional PACS
architecture.

35 Fig. 2 is a block diagram of a telecommunications
system in accordance with an embodiment of the invention.
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Fig. 7 is a block diagram illustrating a multi-cage
system in accordance with the invention.
15
D DESCRIPTIO F_TH E D NTS
The following is a description of preferred examples
of the invention. First, a description of a single-cage
embodiment of the invention is described. As explained
20 below, this system is particularly well suited for use in
a wireless local loop environment, a "village telephony"
environment, and/or an in-building environment. A multi-
cage example is also discussed which illustrates the
scalability provided by the invention.
25
Fig. 2 is a diagram showing a single-cage example in
accordance with the invention. A telecommunications
system 50 includes a unit 75 which provides voice and
data access for various communication devices. As
30 explained below, this system provides wireless and
wireline voice and data communication among various types
of terminals arranged in different networks. 1In this
example, the system provides access among "stand-alone"
terminals and among; terminals in the PSTN; terminals in
35 a PACS-based wireless network; terminals in a wide area
network (WAN); and terminals in a local area network
(LAN) .
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Figr 4 is a diagramof a control channel in gb- accordance with the

i nventi on. Fig. 5 is a diagram of address word bit assignnents
I n accordance with the invention. 10 Fig. 6 is a diagramof an

address data word in pg shd%ﬁpo'igﬁﬁﬁeli‘bé@ édeardy hoeentral office Fi 0.
7 i's a block dlagran1lllustr%%? g % mul ti-c ¢§€ és emin accordance
with the inventiofONsswitch whEsn EBrRECHRET O GheTRETBREFERFED
EMBCDI MENTS interfadus f6dl [providei aceeske st igptFren sekvpr eb@f radictxanpl es
of the invenki On'mfﬁ ' Sdnnebtd@3Ch BAlOB29T B NPl Hi1%38%ure similarly may
' support a router (such as an Internet Protocol (IP)
router) that links with a WAN (such as the global
Internet).

10 One or more standalone terminals, such as a desktop
personal computer 58 may also access the system 50 for
data (or voice) transfer. Similarly, one or more voice
terminals, such as wired station 56, provides wireline
voice access.

15

As illustrated, the system 50 supports PACS or PACS-
UB architecture. One or more RPs 54, each of which may
service a plurality of terminals, such as portable
terminal 52, is connected to the PSTN and the other

20 networks illustrated through the unit 75. This
architecture is particularly suitable for a relatively
dense distribution of wireless low-mobility users.

The card cage 75 through which these

25 interconnections are made principally contains a
backplane bus 68 that connects a control processor card
72 and several peripheral cards 70, 74, 76, 78, 80, and
82. The backplane bus 68 provides high-speed
communication among the various peripheral devices and

30 networks connected to the unit 75. Using the addressing
scheme described in greater detail below, the backplane
bus 68 provides a message stream or an information stream
communication path between any two system entities under
control of the control processor card 72, hereinafter

35 referred to as the control unit (CU).
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- (CO) switch which faw reeta fiogeh.of the PSTN. Seri al I nterfaces 64

provi de access to a PPP server 60, which 5 may connect to a LAN 62. This
architecture simlarly

Protocol (I1P) r out PEAR lﬁ?&ﬁg‘%ﬁ %?rr%uﬁrl\ls%gﬁ%cg %é ﬁ%lﬂnﬁtﬁ%gg’t
Internet). 100 networkOimterfave cpartipiiaiaintot snppoxt stelaphomys a deskt op
personal conputer [8-yieAl SehaCEetkd 6 SHHieH mly’ @ither be analog or
digital, provide a line interface from a local exchange
central office. In addition to either analog POTS or
ISDN interfacing, the PSTN interface card is responsible
15 for transcoding speech between 32 kb/s ADPCM (used over
the air and on the backplane) and either analog waveforms
‘or 64 kb/s PCM. Several wire drops may interface with
the PSTN interface 70. However, if only two-wire drops
are provided, and the two-to-four wire hybrids are
20 located out in the plant or in the central office, then
this peripheral may also be required to implement echo
control measures.

With a single card-cage system (or where a chain of
25 card-cage control units are utilized in accordance with
the embodiment described below), the initial PSTN
interface card terminates analog POTS lines and make them
available as external line appearances for voice
terminals. Dialing information is communicated from the
30 system control unit card 72 to the PSTN interface card 70
via the backplane virtual control channel. Call progress
tones are digitized and passed in band via one of the
assignable backplane time slots back to the client voice
terminal.
35
The RPCU cards 76 and 82 provide a centralized
architecture to support the radio-specific functions



data (or voice) transfer. Simlarly, one or nore voice termnals, such

as wired station 56, provides wreline voi ce access. 15 As
illustrated,- the system 50 supports PACS or PACS- UB architecture. One
or nore RPs 54, each of which may service a plurality of termnals,
such as portabl e termnal 52, is connected to the PSTN and the ot her
20  networ ks WPPU#6Hat ed t hrough the unit 75. This aPEHUBWAOIPe | S
particularly suitable for a relatively - 1dense distribution of wireless
| ow-nmobi lity users. The card cage 75 through which these 25

i nt erconnecti ons describsed pranevialdlyl yncpefarerce to Fig.backpiane bus 68

cartls 70, 74, 76, SORRild (AP enEhonirecedr PR ABERAY BE LK dila

hi gh- speed BARSTHB c £3%h RRFUn §erMécen 2 &@%ﬁ%@f-aﬂpﬂeﬂc‘é&uﬁhd 30
net wor ks connect efint buiheprtvide’ wirellebsJaddes A @dVed@l SUs 53chexe

described in greakg&w[g #f'éh*‘aar%w tthRpgcgplﬁaWe 11m1te?“§u§§t v'eﬁegeﬁ

massage stream or nmnmini ca
any two system enmw&enmrallow hlsbnﬂetwﬁaf Q%I@G#t ] apses‘és%%ramd

72, hereinafter 35t minBhf [EL.0 ahet Res cmtpﬁivm@ fa h gerfomancé/\o

97/ 41650 CT/.US 6/ a 5

_o- | RORHP CABARIAEY 1 ﬁgaﬁﬁ?’?ﬁh‘é‘%a 58 5U) PSTN
interface card 70infopnakiorn tstrgangPEoonpageland 4o RF. andr cpneexse iy, by

cards 74 andg80), tﬁaﬂ‘él&@uﬁd aiplqucqebreb RPCU) iH¥drnadidn( ¥EELAme Srai hub
controller card 7 feat car a. data.int §rwor Kj

peri pheral card 8 9, base ané’er‘i’é‘rtgl eﬁﬁ?ﬁr?%?*%%w& e B8h SBPW f’hettéeq RPs

peri pheral cards 54, are interfaced to the RPCU peripherals (cards 76 and
80 in this example) via standard twisted pa:.r
distribution wiring.

15
A twisted pair interface to the remote radio port
electronics supplies both a full duplex digital link and
DC power. In a large PACS-UB system, the remote port
electronics may be remote a significant distance from the
20 system controller. 1In order to increase the reliability

of the link, it is desirable to minimize the signaling
rate between the ends. For example, since the air
interface rate of 384 kb/s is shared in a time division
fashion, each half-duplex direction could use a FIFO

25 buffer to rate adapt the line interface to 192 kb/s.

The RPCU peripherals 76 and 80 terminate many of the
radio-specific PACS protocols. Each handles SU requests
for air interface resources, and makes requests for bus

30 and other peripheral resources, such as the network
interface via elements 64, 60 and 62. In addition,
because the RPCU maintains information about connection
status for all timeslots on the RPs that it serves, it
can provide high level information and instruction to the

35 RPs in order for the RPs to comply with spectrum use
regulations. In this example, a single RPCU peripheral
card, such as card 76 or 80, is capable of serving two



now set forth. The PSTN interface card 70 serves as the
primary 10 network i nterface peripheral to support tel ephony
services. The trunks 66, which may either be anal og or digital,
provide a line interface froma | ocal exchange central office. In

addition to eith | og POTS or " ISDN interfacing, th s
interface card&Pg%?ﬁggonsible 15 for transcodi ng speech be?&gﬁﬁaggFib/s
ADPCM (used over the air and on the batkptane) and either anal og
wavef or s or 64 kb/s PCM Several wire drops may interface with

the PSTN interfac8inglergaErisr REs @f pnengupd r€afiffs RP for g topad\Rtied,
and the two-to-foeightr eubybdusFexiveide qualdtat 32 dkli/d)n chaanpllant or in

the central office, then this peripheral may al so be required to
i npl ement echo control  neasures. . . Wth a single card-cage
system (or where a chafh addition da dnedydingntvisterhiRairyasd Pprkplane i

aCfor?ance V\A'Ea ht inj:ertt&@e@ﬂb?dé R i%i:@.phégdl beteFdravllye conithiins a!i’lSTlBIl
interface car er,n.nat es.anal o i nes..and pake m .ayai | abl e
as external line 558%5?%%@%1?%%‘5%%%1“ §'_’ng?% naﬁ"g%ﬁ[)iraelailnﬁf‘lﬁ%f ormat i on
i s comuni cat ed f ke¥nehe 3Dhe prguassercpFovidesnthe eriprhered whth g

interface card 70 intelliyénéd endRsddiryn oV chiddhi s altc kdanebntfal |
progress t ones .%r? digitized eand asse‘q #_n ﬁanvg. \i_‘l‘:e{,_h%neem;r %ﬁ

assi gnabl e backpl 3he t'?‘ré ?pl{‘%n%c-’acl?q FPH&‘ BLPRRE Wortd seryg 2. 35
The RPCU carbl 76 aaddte2termimake Lheedigherzdayer protgasiist ysedr ént bink
support the rad'Omﬁﬁﬁﬁéﬁ&ﬁcélﬁﬁa'éﬁﬁi control algorithms.

One or more WSCU cards 78 support the use of wired
stations, illustrated by a single wired station 56,

15 While only one such wired station is shown in Fig. 2,
each WSCU card 78 can support up to eight stations in a
manner which is analogous to the eight full duplex 32
kb/s channels that an RPCU peripheral card can support.

20 ~ In this example, the wired stations interface with
the WSCU card 78 via a single twisted pair that carries
phantom power for the wired terminal and time division
duplexed TDD digital data for both an in~band fast
channel (for example, 64 kb/s mu law PCM) and an out-of-

25 band slow, control channel (key presses to call
processing). The WSCU card 78 may, for example, use the
PACS layer 3 protocol message (type INFO) to communicate
keypress and hook status messages (for the uplink
direction) and to control the station display and request

30 user signalling or keypad input (for the downlink
direction). The peripheral could also use the same
implementation as the RPCU cards 74 and 80 for converting
keypress control channel messages into audio channel
DTMF, for example, for post-origination dialing

35 applications like voicemail system interaction.
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- 10 - descri bed genérally in reference to Fig. 1. In accordance
with the architectural philosophy of PACS and PACS- UB, each RPCU
services a plurality of RPs 54 which in turn provide wrel ess access

to several SUs 52. As 5 known in the art, the RPs 54 have limted
functional i t y,WO97/41630n order to allow hi gh density coverage BFVHSHEPPSce
area at mnimum cost. The RPs 54 provi ge a high performance nodem
capability, translating downlink (RPCU to SU) i nformati on streanms from
_bafseband_ to RF, and ?m\eeaaehyinﬁ@rwofkmlp@trﬁpgenalim« iSldsw RPCU)
information stre T . . r i O,

shown, the RPs %sg'fq’a@}’ é: Vﬁ?gf?%%é%)afsgb%%gugﬁ%géer?%%%rasﬁs%ﬁscgf 5@5 76 and
80 in this exanpldata sgryigrgail PAFE¢ eFupsitionallyqj &he idakd on wiring. 15
A twisted pair inirdraetkiagt periphesl réidicanpbet viewed cdL@nctibeas supplies
both a ful | gupl Gcticdh! dhnebkBkca WoripnerdE PANEI nablls %4 AW RAES UB
system the Tenote port el ect ORI S may be refdte a si gni'Ticant

di stance from t heimtierfages peripbarabl 1&r buly ysgddéert ponvRice feIvises

r eltiagiltity . ﬁfsfé&@FUfm&oihéléér\ﬂ;ﬁéd.ab'F@rt exahnpla) _Zvﬂ;érh?rﬁisnna![i ngf
rate between the ends. r. exanple, . si e ai er e rate o
384 kb/s is shar &qu?lg #@%TQ?EYH}? Q&%Ut ?gsﬁfegn‘,lpeﬂc%a%?aﬁaﬁgdplt g
direction coul d RRCUa xequests bapkplane tresoyrcesdhpt redrest mexvicer £50m t o

192 kb/'s. 19 and comhd®iBREL DPRfORNE VS steedid €0 AR Frti ah&@acal the
radi o-specific PAC%eprot (0] ests faor air

| s. Each h es r
i nterface resour ETIE ﬁegef‘éﬁﬂ%%‘%gcq"o‘r @HE égga éﬂ%ﬁlgf%é‘r”nﬁeri pher al
resources, such senipheyedwshin communigates;ydaykpoehciata-speeifde and 62.

I'n addition, prdt@d1se thhenBPEht 48 itledidT ki REOEAREL Doh AMIE) .COMRRCt i On
status for all ti l.ots gn tge RE$ t hat .|fl{iﬁ:ser§est It ccar}P%rgvhde

hi gh | evel infor | dThelh Banddep  ERe SFPYHHiffe Ne5WO ﬁPkmf%-qﬁ(ferp PPRE RPs
to conply wibh speeguinedidy the servigg at iRneferphlyhi thexEfH|shouddsi ngl e
RPCU peripheral guppor®2i1® ihtebwsskimgd fcr Qccdds t6 Balsedlf 19ervi ng
two based enterprise data networks and the global Internet.

CONTROLLER 78

20 The proliferation of powerful desktop computers and
the need to connect them has created significant demand
for computer networking hardware. In contemporary
business communication systems there are increasing
efforts to integrate computing and telephony hardware,

25 with a primary emphasis on new functionality (e.g.,
computer/telephony integration). For small businesses in
particular, it would be advantageous to provide both
voice and basic high-speed data connectivity in the same
system architecture, instead of requiring the use of

30 physically separate network hardware for each. Since the
system backplane has such significant capacity, it would
be feasible to dedicate a number of time slots to the
support of high-speed, shared-media data connectivity,
and employ a backplane peripheral to arbitrate the use of

35 this resource among connected desktop computers. This
peripheral would function very much like a standalone
ethernet lab controller, hence the label in Figure 2.
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- 11 - single-carrier RPs or one dual carrier RP for a total of

eight full duplex voice quality (32 kb/s) channel s. I n addition
to including twi sted pair and backplane 5 i nterfaces, the RPCU

peri pheral preferably contains a dedi cated m crocontrol | | a
smal | real tin@wo,wwxf%rnel. The processor provides the peripEgTa ﬂ@?%ﬁ t he

intelligence necessary to communi cate with 48 eontrol unit 72, to
manage and communi cate with the served RPs 10 and to term nate the higher
| ayer protocols used in |ink mai nt enance and call control algorithns.

.One or nore WSCU cpeaituriS caRm@2t: t he use of wred stations,

il fTustrated by a singl { 1 S i 0 X < Wi n N
Stationis shown i n b Qdbsd EeaRiEtunde doanipthidoia by BRGYRUE fehEE
stations in a ippsyriremiacftviazeansl dgobrrdwnnehase’ fhatere candax 32
kb/ s f:han{]ﬁl S st ha'épa? BPQ.t : g,]péa; itaOfQ]?Itabfcla?ﬁf§fﬁhﬁlﬁl?p%&dges 2‘9%“]7% be In this
exanpl e, e wred;s i ons interface. C via a
single twsted pai fm?ﬂ%lf‘e’i}é‘? i 2 Penﬁhﬁﬁ?’orﬁ%t\é’s“}%%ﬁ%f%%% term nal
and tine division interfags dsed OB Hhyeezwayiand foshepomnlbiparytihaal sast

channel (for exanpig, pddedddByimhedaw PCM and an out-of- 25 band sl ow,
control channel (key presses to call processing). The WSCU card 78

may, for exanple, use the PACS | ayer 3 protocol nessage (type INFO to
comuni cate 10  keypr essfuliy Hookledt catd cagsagdd cbotaihebepieerk 10 and

direction) and to g¢gnéafds ! Naroit @ixafB1di SRAGY YA MAYUSEPpSPL eidRir
signalling or keypgggﬁgg#grég(gééﬂlgaqgmng£wb PACS-UB RPs. This gives an
approximate capacity of eighty (simultaneous) lines per
cage, assuming a few of the physical card slots will be
15 dedicated to network interface functions.

The peripherals serving the terminals are supported

by the aforementioned high speed backplane bus 68 and a
fixed CcU 72 that is provided in each unit 75. The CU 72

20 establishes voice and data circuit switch connections on
the high speed digital backplane bus 68 that employs time
slot interchange for data exchange. In this particular
example, up to thirty-ong slave peripheral cards may be
plugged into a card cage having a fixed CU and high speed

25 backplane. This architecture provides a low cost system
which are particularly useful for relatively small
enterprises (such as one utilizing less than 80 lines).
At the same time, this architecture permits an elegant
growth migration path to much larger systems utilizing

30  greater than 20,000 lines. |

As shown in Fig. 3, the backplane is thirty-two bits
wide and has 4096 time slots per frame. Each thirty-two
bit time slot is divided into four eight bit octets, each

35 defining four physical channels 0, 1, 2, and 3 (for bits
0-7, 8-15, 16-23, and 24-31, respectively). The frame

repeats every 125 us, a rate corresponding to an 8 kHz



direction). The peripheral could also use the sane I mpl enent ation as
the RPCU cards 74 and 80 for converting keypress control channel
nmessages i nto audi o channel DTM-, for exanple, for post-origination
dialing 35 applications |like voicemail systeminteraction. VO .
97/ 41650 PCT/ US96/ 10355

-12- WOIHESY At 2 i nterworki ng peripheral 84 is al soPCT/USYMESSS; st ent
W th previous architecture definitions far 34 - data services in PACs.
Functionally, the data i nt erwor ki ng peripheral 84 can be viewed as
another 5  netvwoicd mamplling patepheatll.usd Chpss thetbeckplihe

interface perip u S r | | £

'vofce services. r%)‘,?}led% l% a8 ggd‘ﬁ °B (yl%ets E)E?é ﬁ?éml t's seérh\égl ng CU to
'set up a data cal9ic% IFe “nl"RF’E?Pre t%a‘ﬁh eEn&n BRQ ufEame 591 equest

‘service from 10 prmdimrrmﬁﬂckbpmuﬂrdiﬁc:mnaur ehannéd. and fromthe data
‘interworking peripheral 84. The data interworKking peri pheral then

comuni cates via known dat a- spec ific
i nt erwor ki ng functi o™

shoul d

based enterpris

CARD 78: 20
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protocols to the data
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a net V\DI’ an nt erne

(refprengeo PRy a2 JGHW%\H&*-P&I (gbharreb ¢brigut ers and

ata-a E'F‘P-ﬁaW?“é@rpﬁ‘b@%ﬂon feawexampleondi 389 (e.g.,

simultaneous simple full duplex voice conversations and,
in turn, could support 30,000 voice terminals, assuming
an activity factor of less than 25%.

Fig. 4 illustrates the control channel provided in
the last 256 time slots of each frame (designated by
reference numeral 104 in Fig. 3). Each of the last 256
time slots in frame N is paired with one of the first 256
time slots in frame N+2 and is dedicated to one specific
card cage. The upper octets 106 (data bits 24-31 and
data bits 16-23) are defined as address bytes that select
a specific register on a specific card. The arrangement
of the address bytes is illustrated in Fig. 5.

The next octet in each time slot (data bits 8-15)
comprises a data byte 108 written from the CU to the
slave card. The final octet 110 (data bits 0-7) is
reserved for unsolicited service requests from a slave
cards to the controller CU. In the first 256 time slots
of the frame (reference numeral 102 in Fig. 3), only the
lowest octet (data bits 0-7) is dedicated to the control
channel. It contains reply data bytes (112 in Fig. 4)
from slave cards to the system CU. All told, there are
five octets dedicated to each cage for bidirectional
communication with the CU. For example, physical channel

the) laghe256 tl'!‘%/\FSWnOIﬂaﬁbﬁeﬁrm Fdcifiour net wor k
i nterface prot oasdtetsdS (chaaqeilseo-Py ahi@ dedivated tBrﬁﬁéﬂdbnﬂﬂﬁ | WF

CONTROLLER
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conputer/tel ephony integration). For small businesses in particul ar,
It woul d be advant ageous to provide both voi ce and basi c hi gh-speed
data connectivity in the sane system architecture, instead of
geqU|r|Rg t he use of 30b physi cal ly separate network hardware for each

i nce the syst em backpl ane has such significant capacit hdsocHebssd
‘be feasible to WO a number of tinme sIo?s to the P SﬁEEGFt of5

hi gh- speed, shared-nedia data connectivity,- 15 - and enpl oy a backpl ane
‘peripheral to arbitrate the use of 35 this resource anpng,connected

deskt op conputers. 0 Thhe first qshetphefatinge3iry fhandphydigai, charnels 5

_\S/\Bag(;;iﬁggo ephsr pRi1 ! fbur GHvets)ebf bome esldte Jsatel(silotFDgaf etife
. U 1Q355; . 3
M4l FEATBRE 35rpipk block) are degicarqd ko MY 82 PLikeuise,

coul d be provided phybical channelssyseath 3841 ere dadicatesd §RaFaggsl and

"feature cardsg " 3o oEgr exanpl e, a set of conferencing bridges could be
i npl emented on a perip

three-way and other nultiparty calls to be established. 10
fully loaded card cage Rslshowmtiz Figst weebhede ainl up to ong £xams. ofor

exanpl e, each card SEPBRthé1 & t of thél fihalid er(NeRadécdhal WO

PACS-UB RPs. This g%@ﬁ! gg ) QEE?BthBBe ﬁggaéit.égﬁ #ght .c 1

(si mul taneous) |ind®)pép the inpubOf faggmdnfng ?égfghéiiﬁ?’phyéP&SId%a?%

slots will berd5 idedneatdedt o nimpemisaitet Eof atke funpredietable aggregate

The peripherals seighng Eignt EAE WY a1aA1215¥8R0EEEN ~to-parallel
conversations (one conversion set per cascade) which take
place. Thus, the maximally configured system would have
255 card cages.

15
To address a specific register on a specific card in
a specific cage, a combination of control channel slot
location and 16 bit address is used. For example, for
the first cage (cage 0) in a system, physical channels 2
20 and 3 of time slot 3840 are concatenated to provide 16

bits of addressing for data message communications. Bit
15 (the most significant bit) is the Read/Write bit, and
bits 10-14 are used to address one of the possible
thirty-two card locations in the cage. The remaining ten

25 bits (0-9) are available for peripheral card register
addressing (see Fig. 5).

Each cage has one of the last 256 time slots

dedicated as a control channel from the slave cards in

30 that cage to the system CU. The lower octet 110 in that
time slot is reserved for unsolicited service requests
from a slave card to the call processing CU. This octet
is a shared resource among the cards in the cage. A
wired-AND control line is provided for self-arbitration.

35 Each card is keyed to a particular physical slot. for
example, a card in physical cage slot number 3 will know
it is in slot 3 by examining five hard wired address

eral card with a backpl ane interface to a | ow

A



by the aforenenti oned hi gh speed backpl ane bus 68 and a fixed Cu 72
that is provided in each unit 75. The CU 72 20 est abl i shes voi ce and data

circuit switch connections on t he hi gh speed digital backpl ane bus 68
t hat enploys tine sl ot interchange for data exchange. In this
particul ar exanple, up to thirty-one slave peripheral cards nay be

pl ugged i nt oWR X4 cage having a fixed CU and hi gh speed 2ZFT/UIEE3EY ane.
This architecture provides a | ow cost systeg. which are particularly
useful for relatively small enterprises (such as one utilizing |ess
than 80 |ines). lines péésédictsaite vilathet baskpl afe (exfringctomer NTE Sa an

el egant g hs m i t r . l,LLLZzi ng 30
greater than 20?8%% fﬁ%ggsg PradirRs Qonﬁgggkgﬁﬂﬁ%n |d$g§fgéhéggackplane

is thirty-two bPEtet, 1t misfe D] R 8erydse: FaguagtrarhidratignecorkEpl
thirty-two libet 16w nSométime withindeHei Pifst @ixigi-FourbitimeCckPbts each
35 defind ng u hysi cal n 0..1 nd 3 (for.bits_ . 0-7,
8-15, 16-23 an%gz{flt-lgl%lﬂr“g%’peg?\r}e_% ."?Ref‘%‘rgﬁn% éjes”(esr EPEPETERRy 125
[err]s, a rate &eAnespopeiely tit firstkmxamines the conbryl/ 4igsoto

PCT/ US96/ 10355 determine if card 1 has seized contrd¥ of the oct¥fjCe

sanpling rate. . 0486 pS, ba | ape provi des 16, 384 (16k)
octet slots peré%?éhelfo'r“%)'at%t té'ﬁ'é‘l p%iﬁ gg?c%‘”&%%rﬁoc‘,"atsf’ﬁ\ﬁ%lmft h each
octet in the fr¥ishinrthe secopd\siatygfoussskors aofithie deaimenal Thimnnel . 5

In the | aglp 256cbhtiEneedt fodfthd & ifsdMhisty-€Wd'time s1RCHeLEpSCHaNNel s
0-3) are dedlca%ﬁgPtgys stem cont.r ol ef er.ence "104); in the
S

d
first 256 tine he timg & 88“56?},°€%§§é#(ﬂ&§lWﬁétBP YcH%fnel 0) is

card is granted access to the service request octet.

With this architecture, the data path from a slave
15 card register to the CU is provided by physical channel 0
of time slot 0. Because of the one-frame time delay
inherent in reverse communications from cages 1 to 254 to
cage 0, cards residing in cage 0 are required to delay
reply data for data reads for one frame, as mentioned

20 above in reference to Fig. 4. Thus, cage 1 would use
time slots 1 and 3841, cage 2 time slots 2 and 3841, and
so on.

The broadcast channel utilized in the invention is

25 critical to the functionality of the higher layer PACS
protocols. PACS-UB specifies common layer'z and layer 3
protocols with PACS, to enhance interoperability between
licensed and unlicensed systems. At various times, the
fixed system infrastructure must stream various

30 information out to the portables over the air. This
information includes the system information channel, with
such items as port ID, system ID and access rights,
registration area ID, encryption modules, or messages to
change portable parameters; and the alert channel, on

35 which alert or “"ringing" message are sent to inform
registered, inactive portables that an incoming call has
been received for them. Many of these items could be



10 dedi cated to systemcontrol data. Thus, nore than 15, 000

rassi gnabl e octets remain available for circuit switched data. This
woul d support; for exanple, 7,500 si mul t aneous sinple full duplex
voi ce conversations and, in turn, could support 30,000 voice
termnals, assum an activity factor of less than 25%

Fig. 4 illust raWQ?q’ﬂfé” control channel provided in the | AP g %P e
sl,ots of each frame (designated by ref~<engnee nuneral 104 in Fig. 3).
Each of the last 256 20 time slots in frane Nis paired with one of the
first 256 t i ndowknagieidh oncanfrom 2the Bystefegonsredles emcthep RRCGY ¢

card cage. The uppgérijHetalsl@e ﬁﬁéﬁémbd)&iex%p%laﬁadthe foﬁﬁéﬁti}icj ofl6- 23)

are defined as address b hat s te

specific card. Thehé’rﬁ a‘ﬁéﬁt@@ﬁ%lﬁg m%)? he pfd’@?@sgﬂﬁﬁ?ggs ﬁ%sqrr"é’tegd in
Fig. 5’ tiniem qrandd bet donenby dde (REQUss| oHO(ﬂeaea. btltx% 8- 15)
conprises a data bybgr 8 ei mulseNihtervéie ) et Reme 1n éfaéffi‘ tard.  The

Fequests froma S| BYeEeRS LnSgmins; GALhFRGIRALH FOr CEOATR RIET Eases:
requests froma s [

time slots of thae drenrthefr boadoast mwer dhel @dertifggards , (wnich t:Jse
'wast octet (dgtt 2Rk t@&:@ ?@t@ﬁdiﬁaéﬁﬁs t&stel}e caat bep 1amed3m;vbelt ﬁu
ystom ou. A1t obethed e igpgement a deadrast; copabiLb ECETD Din iFYEGE
for bidirectil®nal controlmnnnmsesaaloqnvt¢11dﬂunnal tEneséwhnpébgt;ﬂqmﬁemal

channel - 255) for all b@GEQZé§QQEEEsages (see Fig. 4
PCT/ US96/ 10355 the fIrSt

octet) of time sl oFe@NCHR) the Baximup,pupber of cages S“PPOItab](-e in

large system by only one cage, to 255, but allows a
single message to reach all peripheral cards in all the
15 cages of a system. The implication for the peripheral
backplane interfaces is that any given peripheral in cage
254 must be capable of reading two consecutive time slots
on the backplane, since the broadcast timeslot and the
control timeslot for that cage are adjacent.
20
It is a feature of the invention that the system is
not limited to a single cage architecture. For example,
in the embodiment shown in Fig. 7, the system can support
up to 255 cages that are cascaded with a serial, high
25 speed, fiber link 150. This provides for greater than
20,000 lines in a maximally configured system, while at
the same time allowing a minimal system configuration
that could support up to eighty lines before requiring a
second cage and the cascading hardware. As the system
30 capacity requirements grow, additional cages may be
cascaded via a high speed (1.0486 Gb/s) serial link.
Each additional cage is connected sequentially in a ring.

In a preferred embodiment of the multi-cage system,
35 the cage controller card resides in card slot address 0
of each cage. It is responsible for providing the
backplane 32,768 MHz clock and a separate Frame Start



.0-3 (all four octets) of tinme slot 3840 (slot O of the | ast 356 sl ot

‘bl ock) are dedicated to cage 0. Likew se, physi cal channels 1 and 3841
are dedicated to cage 1 and 5 so on. As shown in Fig. 4,
there is up to one frane of delay fromthe output of the final cage N
(hexadeci nal FF) to the input of cage 0 (hexadeci nmal Thi s del ay

10 is include9¥86Wonpensate for the unpredictable aggregaz"ér TUS96/10333 | ay
fromthe N parallel-to-serial-to-parallel . 38 —conversations (one
conversion set per cascade) which take pl ace. Thus, the maximlly
configured systempuise dohahet the £bive aatdsagas. sypichronize to the address

a specific registgl, aﬁe Eﬁﬁ#.gf ?ﬂ{é’ ﬂ'ﬁ:ﬁe Staré fﬁ?&';fid qbfg?}g%alé‘iggs -

conbi nati on of contr chan ocat1on and

used. For exanpl & ‘-Ttoro of the; ﬁ%aq‘?raﬁ e othgywiss - i PuringsdAt Bnikecal
channel s 2 20  audje3 cohtrbltes| misSGhcr €heotage emailnsk tin Rhavindd 16

bits of addr SSi d t tk st
significant | t) %% ftt%ﬁt H?Eﬁéﬁggbl W ef EQQ& t@sﬁ 4 flu%gegsggtgo
addr ess one of tt?éldp(’o'é‘é-lcbl gontrol ehannsl tgomeRitoT och iMshreoniatiane.
The renaining temiddb pathekrs {9-Placéd iy ahanhbtsl Dramer3 WEdmecalot 0
regi ster addr esskn F )

the | ast 256 ti m%%sl 2‘[2%' gagégsﬁ %ﬂgf:aﬁs e & o5 U8 ht Ff) %%irqlnrﬁ%g %ﬁ?tﬁ sI ave
cards in 30 tha{m’d:afg’é1?6 cardsigteitleyr thenhsypboprChckneicape0 0| /Xt Aat

time slot ippreseyage@ddeotarasolicited service requests froma sl ave
card to the call processing CU. This octet .is a shared resource anong
the cards in the cage. A wi red- AND control line is provided for
self-arbitration. 35 Theaphysiealaddrsas) ofo thepaard cig dransdvatiec gheotled .
for exanpl gy & %&eﬁpuanahyﬁhsaltwagaral tieaUtbethed appropsiave It
Is in slot 3 by %é%nhnkg% thﬁ Q§£ glé %%QQgis way, a card can be

15 plugged in "hot" and within two frame periods (250 us) it
will know what cage it is in and what physical slot it is
plugged into. In this way, the card knows which control
channel time slot to monitor and which address range to
respond to. Thus, a card can be plugged into an

20 operating system, and can automatically determine its
address in the system, and send a Service Request to the
main Control Unit for configuration.

Simplex time/channel assignments are communicated
25 with fourteen bits contained in two data octets. Two
MSB's define the physical channel and the 12 MSBs define
the time slot (see Fig. 4). Two hundred fifty-five cages
containing sixteen cards each with eight lines per card
capacity provides 32,640 line capacity. Four thousand
30 ninety-six time slots with four physical channels less
the 256 time slots by five channels of control results in
14,104 simplex channels or 7,552 duplex calls. As noted
above, assuming a 25% occupancy this allows for 30,208
lines.
35
In a single cage system, slot assignments are all
made by call processing so only one device is permitted
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- 16 - | ines passed to it via the backpl ane connector. If a

card in slot 1 desires to access the service request octet, it nust
pull a service request arbitration control line | ow sonetine vvithin
the first sixty-four tinme slots 5 of the frane. [|f a cardpifusdshé

desires the seMQ ¥1650 request octet, it first exam nes the contro I|ne
to determne if card 1 has seized contnel -of the octet, t hen

if not, it will pull the control |ow sonetine wi thin the second

sixty-four slots ofo et ameesFhasgiven time/chanselopctele. fiFs it y- t wo
time slot groups sf,ge systkhdl, HMW&P@rt'éTﬁzédt%rﬁ:QBhr gkisbansetweni ithes only

one card is grantga acce o, t he rV| uest

Wth this architecfafG@dinge cgzfiat éi?h”rr cg%é’vg‘ﬂ SPre&g&gg @ISR 1o
‘the CUis prOV|Qedtﬁg/qﬂngn sdhvehcands$ that resjidet inetbeosame Q§£§&use of
‘the one-framegtimey annel b@@gf.gnéré s 1AMC 238 1 GREAUBY Cate QP WithiinCages

1to 254 to ca e car resi in cage O eqU|re t dela
reply data for dat%?‘? ERUE of GPtoﬁBef ?%‘ga ding rﬁ%ﬁq Bﬁéﬁd TeRF O hﬁ‘ data
reference to Fig. found lurs theabackphané dofisthe prevmuseceg@tmqham 3841,
cage 2 tinme slots The broadcast
channel wutilized |%@§%¥Léq%u%f EQil rogessLiy

ention 25 critical to the functionality of
t he hi gher |ayer PACS pr ot ocol s. PACS-UB specifies comon |ayer 2 and

| ayer 3 10pr ot ocol Further?AGSsysterninitic & icdgessopesabtsi iy detamiable
i censed .and unl | CEORaH A LI ngMindBHQY Hdtulh thiContput of *Eihe YRR

i nfrastructure nus eamvari o ornation out To t ortabl es
over the air. Thiand the hqﬂWE’#&tFﬂﬁelﬁclYRkﬁ?lﬂm9“§§§t5ﬂ1?¥ﬁﬁﬁ t9%h
channel, with fraéne o ideTayasepdihg | Baclks yigitemcabeandwhere sshe i fijfltls,

registration area ﬁ&b&@cc{%%taig% qRduh£Sa Orwmmﬁaa&ﬂs the fFi@%ot

portabl e paraneters; and channel ,
15 structure when the loop is closed. This also inserts one

frame of delay for the cards in cages 1 through N-1 for
reply data to data read commands. Accordingly, cards in
cage 0 must recognize their location and insert the one
frame of delay themselves to be in an alignment with the
20 rest of the system. '

A frame sync word located in the upper two octets of
the first time slot of the frame provides for frame and
time slot synchronization. Each cage has an M time slot

25 delay referenced to the timing of the previous cage,
caused by the parallel-to-serial-to-parallel conversion
required in the use of the 1.0486 Gb/s serial link.

Since the cage number is displayed in the second octet of
the first time slot in each cage, for card address

30 decoding, this will allow the cards in cage N-1 to
recognize the (N-1) M time slot delay in their local cage
timing relative to the system's cage 0 frame timing.

This relative timing information will also be used by the
RPCU cards to subtract integer slot times from the frame

35 start timing to allow for system-wide superframe and

hyperframe synchronization for all radio ports, as



35 which alert or "ringing" nessage are sent to inform regi stered,

I nactive portables that an incomng call has been received for them
Many of these itens could be WO 97/ 41650

PCT/ US96/ 10355 - 17 - downl oaded once
fromthe systemcontroller to the RPCU peri pheral s at system power-up,
and t he for neWePT¢6¥f this information into the proper PGBYSHWISWSat t he
proper times could be done by the RPCYs. _However, the 5 controller
must intervene in real tinme in order to process incomng call requests

and create al er tréfEIREE Dy the PAOSLUBRIErdttRdbINr OfHeasés@MEInd tamdl erting
area (which is ccutt he enhi;lrge%s%gmj rh.t hi,s case%. Asdexpl al ned above,
_our met hod 3574 rﬁﬁye a°pl's c"élsif Jﬁh;}aﬂ'ilFFf’ eFBPt he system 10

controller uses a control channel tinmeslot (slot nunber - 255) for all
broadcast nessages (38R fxr@metbyndhwérd is sen®dWeASihRerv@XifipauTber of

cages suppogt abl g, i | ar ge st by onl ne cag to 255, but
allows a 5 sﬁe’hﬁr{eatr@??aﬁg fo Pég%?{’ :ﬁa’%etsluﬁéﬁgﬁ?m%ar ggh? nall the 15
cages of a syst eshperfiramenstiroathoe &bkowshdopebiphernambling wasdgd anca

interfaces is thad suelicecBiR€ERNEFdhed NrCAdBgth. BRTs Pidvdi«CRRRD!I € of
readi ng two consecut, ve tine ckpl ane, til nce the

slots t he ba
broadcast ti mes| SRSAfFaN aPpearances of %’Q’ﬁegl"'a’c“efﬁ ng uerd Fhatymay be
adj acent. 20 embedded |in usey dabtaure of the invention that the systemis
not limteggto a single cage architecture. For exanple, in the

enbodi nent shown in Eig. 7, the stem_can ppor. t up to 255 cages
that are cascaded wi tift $398F; Al tﬁ%? -1, ig‘ﬁegﬂi’,?lhf‘m%?‘:ll sHidads. Thi s

provi des for greaivdmgenerategOti®(bus mdocknsignaks nahd ytheo rffiriamer ed
system while atgyne pull ah@TBopid® @d Watd RalfhNEFBhL NS Bvious .
configuration oo MahsSoYbdesbBPOL 401,15 SIINY LiGRDY TS e ring
a
15 required to maintain knowledge of the call processing
state. For example, four wired-AND control lines may be
used to indicate to the receiver card whether it should
write to a specific octet in the frame or tri-state and
allow one of the local cards to fill the slot. In the
20 time slot prior to the one in which a slave card will
write to the backplane, the slave card must pull the
appropriate control line low indicating to the receiver
card that it should tri-state that octet in the next time
slot. This resolves the above-noted potential conflict
25 between a cascading card and other slave cards in the

same cage.

The above described CU functionality may be
implemented with a call control software running, for
30 example, on an Intel x86 family processor under a
commercially available kernel. Of course other
configurations may be used in accordance with the
invention.

35 Since the backplane switching fabric exchanges
groups of one or more 64 kbps data streams, the system is
very flexible with respect to the nature of the cards



second cage and the cascadi ng hardware. As the system 30 capacity

requi renments grow, additional cages nay be cascaded via a high speed
(1.0486 CGb/s) serial link. Each additional cage is connected

c sequentially in a ring. In a preferred enbodi ment of the

s multi-cage syste the cage controller card resides in c

- address 0 w‘g}'”g‘g@h cage. It is responsible for providi ngﬁ{:ﬂfgﬁ&%ﬁs

: backpl ane 32,768 MHz clock and a separate R ane-Start WO

- 97/ 41650 PCT/ US96/ 10355 )
- 18 - pul seplnggsdaiintioe theagagesy dFaraexemppdar odata interworking

]packpl ang Iti m ng-h Jd¥id-maRe bet ﬁ&&?'fégsﬁ dttghriddleBg data ﬁqsexoﬂhfe t he
fanme an ow ot Se r.ng. 0] t ., s _CaQge _contr er_J1us ace
the Cage Nunber i?‘?ﬁarﬁ? 2 frcgl e‘s’%“f%at e%qdé\yé'ogagdgaﬁﬁ%wP%ivc%lcceaé’é-‘g hey
are plugged into bridgimyg Wei-gh fonteonferenaeciort shrearvay calling),

synchroni zati gn  yoidd med@alg@hg, tel aeHd d1zcpanaeiside@nd 3 of tine slot
0 so that cascade cards may recover frame timng. The cage

controller card is either the systemCU in cage 0 or a 10 Cascade Card..
The physi cal address ofaccesscdadagenént dvards gayobedadded 4y Iangeckpl ane

Itih,nes that are Ej i eg&é%ﬂézgoa&&%apﬁbaéﬁe main ,I,c@v%ofnpteﬁsﬁg}@ CLs'Sla@ces_End
IS way, a car ca e Pl U I n 0 an D ItWwW Tra er1 ods
(250 [ori1e) i “Stnghoraribo A8 kep neiagenent Lo hhRk PRSREAORS of i
i s pl ugded i ntw. this wiegardaythe RACSrapacidicatiionhdesrribgs AM

channel tine slot endidsAt§nentli SRoRUELSS ufBee bP servid&SRYIEHLO-

Thus, a card can be p] ugs ed into gn .
radio gﬁstem. The prototype PACS-UB system implements a

portion of those functions as an integral component of
the call control software. These functions include:

15 establishment, maintenance and clearance of SU
registration records, and assignment of related radio
system; authentication and validation of SU registration
requests, possibly including decipherment of SU
credentials; initiation of SU alerting associated with

20 call delivery, in response to an incoming call service
request from a line interface peripheral; and regqgulation
of SU call origination attempts via registration records.
The PACS specification call for RPCU-to-AM communication
over ISDN channels, with the use of standard Naticnal

25 'ISDN-1 messages. In a private access telephony/data
system, it may be desirable to provide a local AM
function to administer the private user group.

Other modifications to the system are also possible.
30 For example, it is conceivable that different RPCU
peripherals for different air interface protocols could
be specified, given the relative generality of the
backplane structure and the call processing software
functionality.
35
Detailed descriptions of preferred embodiments of
the invention have now been described in fulfillment of



20 operating system and can automatically determine its address in

the system and send a Service Request to the main Control Unit for

configurati-on. Si mpl ex tinme/channel assignnents are

comunicated 25 with fourteen bits contained in two data octets.

MSB' s define the physical channel and the. 12 MSBs defi ne {Jg] sl ot
2% %H"%ged

(see Fig. 4) WOy dred fifty-five cages cont ai ni ng
each with eight lines per card capaci ty t&hprovi des 32,640 line capacity.
Four thousand 30 ninety-six tinme slots with four physi cal channel s | ess

the 256 time slogge %éﬁé/%b%a@aebs @ﬁeCﬂNérﬁhdrﬂSUmtSshﬂuld be 14,104
si npl ex channel s plex.c

g a
25% occupancy thF%é%tT"r'iﬂﬁsd %PtsﬁhQﬁSd scnp‘f’f%s“s g;grely lYfﬁS&S%ima single
cage system sl oMamysidpitEiunalaveraations andrmbslifiicesirnprebishiarke so only
one device is pegfififthe spirit ak® 8¢40d &0 the invention will be

PCT/ US96/ 10355 1 to wite access
a given timg/ chafPRRTeRt o thesg pkilled lnc?&'e asristem;, however, a
contention exists between the cascading.card that is linked to the
previ ous cage and the other slave cards that reside in the sane cage.
5 Ti me/ channel octets are still assigned by one CU within t he cage,
but the cascading card blindly repeats the data found on the backpl ane
of the previous cage with no know edge of call processing. 10

Further, a systemw th N cages results in a variable



del ay |ine being insertedbetween the output of cage N-1 and the input

to cage 0, which anounts frame of delay feeding back
into cage 0 where the fulll m“nm(r! mm‘mmcages are used. This maintains
the franme slot 15 struct nathé [bop is closed. This also inserts

one frame_of delay for the cards in cages 1 through N1 reply
data to data r ¥9P"@¥Pands. Accordingly, cards in cage dJC#Fuuss?mmss
recogni ze their location and insert the one 23 - frame of delay thensel ves
to be in an alignnent with the 20 rest of the system A frame
sync word |l ocated in the upper two octets of the first time slot of

. the frame provides for frane and - time slot synchronization. Each cage

: has an Mtinme slot 25 del eferenced to the timng of the previous
 cage, causedﬂg%g%m&o- serial-to-parallel conversion

required in the use of 1t heldl H488mBniscatéonasysten having 8 piurahity «afe
number is di spl aygerinﬁln&fs SERPA o Q;:chan?e t.nfexf Iaoﬁﬁnuhwstfbﬂt in each

cage, .for card address ecodi n his, wl |l ow the cards |n cage N1
to oot S@IGRALE N ) ISAqS ) SOURLMGy A H (TRAE SOBRRPLCaELE

timng relative teighalsystheny saia)cedminabe tompmiging: This relative
timng information will also be used by the RPCU cards to subtract

i nteger slot tines fron1the frane 35 start timng to allow1for

syst em wi de super f r ane@afi@ckplane hns. bavipg gyﬁ‘ﬂﬁ%l%wgﬁ f&r all radio
ports, as 10 conneti 81 / md£xi=;

PCT/ US96/ 10355 - 20- required by the
PACS-UB protocol. The resulting tine accuracy will be well within 1
m cr osecond. a controller device connected 'to said backplane bus

through at least one of said modular connection means;

15 a plurality of interface devices connected to said
backplane bus, each through at least one of said number
of modular connection means, said interface devices being'
configured to provide said user communication signals
through said backplane bus in a format and at a rate

20 determined by said controller device;

wherein said format comprises a time division format
in which said user communication signals are divided
among a plurality of frames, each frame having a
25 predetermined number of time slots, a first number of
said time slots providing system control data and a
second number of said time slots providing user data
corresponding to said user communication signals.

30 2. The device of claim 1 wherein at least one of
said interface devices comprises a radio control unit
which communicates user communication signals in a time
division baseband format to and from a radio transceiver,
said radio transceiver providing wireless access to one

35 or more radio terminals.



The frame sync word is sent non I nver first frame of a
sixteen franme superframe. ﬂ‘\m @%N k“‘jre structure allows for bit
scranbling based on a xteen frames in length. This
prevents the conS|stent appearances of the franme sync word that may
be enbedded in user data. 10 In cages 1 through N-1, the
hi gh speed serW@P741650  recei ver. generates the bus clock si gnﬁ'l'@smhe

f r.ame sync pulls and copies the franeogata fromthe previous

cage. This receiver is fairly sinple in that it is not 15 required to

mai nt ai n know edge of 3.herhal dePio6e6H| ¢aim 1 whb&bin s&id exgaepl e, four

wi red- AND control ;d j.nes used. t o d|c e to.rthe. receiver card
whet her it shoulcpléléicqaﬁ%?gg?gdafgfmiFf* QEPa s?ﬁ%l#+%ﬂnyxn tri-state
and al | ow dRerasnadhacressl Commanricakifar |Systemg| protogokshe 20 time
slot prior to the one in which a slave card w || wite to the

backpl ane, the slave gard uII ap riate control ne.l.ow
indicating t0 the recgivelwrglé &%?d°fﬁﬁ&a%W %ﬁﬁge}?,§39 rk} aﬁf 848 in
the next tinme sysdiest contrelr ésbav@@nwm@o@ddrﬁeswgp@mmmlmwei ct
25 bet ween a caﬁwmlﬁatﬂoanﬁeemﬁi&%@%eca&dsaw pl¥rality ofame

cage. above describ functionality may be

i mpl enented with ¥P§§ﬁiacgoﬂFW6F ®8oftware running, for 30 ~exanple, on an
Intel x86 fam |y processor under a comercially available kernel. O
course ot heio confi gypat aeaicmf b&meci | Gn@eeQhd8Rce aMdressn

oroups of one or 4R CSABERFES SRR oF SRR ' TPt ARl S YN,
flexible with resffe& ﬂeclelcll&ednaneref oéaimelmeats of modular connection
means and register address data indicative of a register
address associated with said selected one of said number
15 of modular connection means.

6. The device of claim 1, wherein said backplane,
said controller device and said plurality of interface
devices are provided in a modular card cage assembly.

20
7. The device of claim 6, wherein up to a
predetermined number of said interface devices are
provided in said card cage assembly as slaves to said
controller device.
25

8. The device of claim 6, further comprising a
plurality of modular card cage assembly each containing a
backplane bus, a controller device and one or more
peripheral devices, respective controller devices of each
30 modular card cage assembly being linked in a daisy chain
arrangement by a serial communication interface.

9. The device of claim 6, wherein said serial
communication interface transmits data at a rate
35 equivalent to a rate at which data is transmitted through
said backplane bus.
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-21 - pl ugged into the cages. For exanple, data interworking
cards may be used to support wireless data as per the PACs data
architecture. Additional cards for voice path bridging (e.g. for

-conference or thr ee \A@A calling), 5 voi ce nessagi ng, etc.

utilized.
'systems to free up the main CU fromtasks s’gﬁh as access
aut henti cation and key managenment for |ink cryption. 10

ccess Managenent cards may be added to

%@ﬁﬁﬂﬂ?

In this regard,

t he PACS specification describes AM functionality that provides a
nunber of services to the radi o system The prototype PACS-UB system
i Apl enents a portion of thoge-functions as an integgah—gonponent of
the call control software. These twfctfons include: 15 estlall | shnent

mai nt enance and cl earance of SU Jegistration recordg. Jand assignment
of related radio system au thta;’éatl on and validat toq &f SU

regi stration request sypossibHy .‘.Blgl udi ng deciggher ngnt] &f SU
credentials; initiation of SU ale tlnggéasOC|ated mnth 20 |1 delivery,
in response to an |ncomng SeLMi C reque fr@n_a gne interface
peri pheral; and regul ation p+JU ¢al | ori gi nat W n FErerpts vi a
registration records. Ehe%-\u spf'fication tal | PR t o- AM
conmuni cati on over | SDN ciEnndis, th the use of sjaqd Nat i onal
25 | SDN-1 nessages. In a prléﬁ €- c%%% t el ephony/ date system it

may be desirable to prowdealtg J function t @&

fLa Il

ni gter the

private user group. hdr _nodi fications to thedystém are al so
possi ble. 30 For exanple, it is coﬁ?;ei vabl e that different RAGL
peripherals for different air interface protocols could bergdeci fi ed,
given the relative generality of the backpl ane structure afd the call
processi ng software functionality. 35°
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Det ai | ed descriptions of preferred enbodi ments of the invention have

now been described in fulfillnent of WO 97/ 41650
PCT/ US96/ 10355 - 22 - t he above objects
of the invention. It should be understood that this description is
merely illustrative. Many additional variations and nDdif'E%;' I ch
are within YR&"A3% it and scope of the invention will be g h%ﬂ%ﬁ%ﬂnt
to those skilled in the art. Wo243/ 41650
PCT/ US96/ 10355 : - 23 - VWHAT | S
CLAI MED | S: 1. In a communication system_having gplurality of 5
termnals configured to exchange user communi caf 9N si‘gnal s, a device
for routing said user commrunication sig@gls§§n01g sal erm nal s
.conpri sing: a backpl ane bus haviug_:angber Jul ar
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10 connecti on neans; a controller device connected to said

backpl ane bus t hrough at | east one of said nodul ar connecti on neans;
15 a plurality of interface devices connected to said

backpl ane bus, each through at | east one of said nunber of nodul ar
connection nea (4. interface devices being configured. to provide
sai d user comrzﬁﬁocgztﬁli%?] signal s throgg@ sai d backpl ane ﬁ*&g‘lqsaggsss
format and at a rate 20 determ ned by sai*control |l er device;

wherein said format conprises a tinme division format in which said
user conmuni cation signals are divided anong a pluraljty df frames,
each franme having a 25 predet erm ned nunber of tinme slots], ,alffirst
nunber of said tinme slots providi ng system contro %%aﬁ

.second_ nunber of said time slots providing user data ing to
sai d user conmunication signals. 30 2. Thefdevice of cla
‘wherein at | east one of said interface devi ce] rises a rg

control unit

di vi si on baseband format to and froma radi o transc

whi ch conmuni cat es user

conmuni ¢

signals in astine
saifdes afli o

transcei ver providing mﬁreles%gaccess to one 35
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diwvi si on: baseband for nat
- Communi-catt on Systens protocols.

vherein a

data indicative

i nterface

addr essi ng

: of a sel ect eﬂn%‘ﬂ?z

rdgi ster
‘said sele
- 6.. The de
dévi ce an
nodul ar ¢
up to a
provi ded

devi ce, 2p

plurality}@af

bus, a co
respectiv
i nked in
interface
comruni ca
at whi ch

Per sonanA%c%éo gb~¢

The device of cl ai

Is a format -specified by

5 4.
system contr ol
of a desti nation residing at one of sai d (;4?;

1& The device of claim

npri ses “@&Fﬂ‘“&'&ﬁfﬂ#&"ﬂ%’iﬁx PREAVFATIONY e of a
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(71) Applicant: BELL COMMUNICXIIONS \RESEARCH, ISC.4i m 6, wherein said seri al
tion%ggpgffééémt$ﬁ%§WWF§“U§f5”§F“§ rate 35 equivalent to a rate

ata I's transmtted through iai d backpl ane bus.
(72) Inventors: GREANEY, Shaun, T.; 60 Lenape Trail, Tinton
Falls, NJ 07724 (US). LELAND, Kenneth, W.; 149 Ueland
Road, Middletown, NJ 07701 (US).
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(74) Agents: YEADON, Loria, B. et al; International Coordinater,
Room 1G112R, 445 South Street, Morristown, NJ 07960-
6438 (US).

(54) Title: INTEGRATED TELECOMMUNICATION SYSTEM ARCHITECTURE FOR WIRELESS AND WIRELINE ACCESS
FEATURING PACS RADIC TECHNOLOGY
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(57) Abstract

Disclosed is a telecommunication system (52-82) that is both highly cost effective for small scale applications (for example, those
having less than 80 lines), yet field upgrade-expandable via a backplane bus (68) to applications having a significant number of additional
lines (for example, 30,000 lines). An integrated voice/data telecommunication system is utilized that is flexible enough to handle low
bandwidth (for example 64 kbps mu-law) speech as well as high bandwidth multimedia data switching. The system may be configured as
a low cost, standalone PACS system for “village telephony” or "PACS-on-POTS" applications, as an alternative to requirements for PACS
infrastructure when appropriate wircless network facilities are unavailable.




