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2174 571 "Di G TAL TELESECNE SYSTEM' BACKGROUND OF TME | NVENTI ON The pr esent
i nvention generally pertains to communi cations systens and is particularly

- directed to a subscriber tel ephone systemfor providing nultiple 217457
iformati on signals sinmultaneously over one or nore radi o frequen '1
(RF) channel s. SUMMARY COF THE | NVENTI ON The present invention provides a
sy%ten1for the wireless transm ssion of nultiple information signals 10

utilizing digital tinme diys] | reul ween_.a hase station and a

plurality of subscriber stﬁéié&kﬁi.‘ ‘EEHB§EL§E§T§M5LLons may be fixed or

movabl e. The nunber of tine division circuits is determ ned by the

transm ssion quality of the signals. The base station is interconnected 15
= Wth an external information network, which may be anal og and/or digital.

The information signals are selected fromthe group consisting of voice,

data, facBSNCKGROUNDIOF THRINVENTRION i nstrunentation signals. 1 The
- novabl e subscriber stations may be selectively:

The present invention generally pertains to =
communications systems and is particularly directed to a
subscriber telephone system for providing multiple

5 information signals simultaneously over one ér'mo:e'radio

) frequency (RF)channels,
SUMMARY OF THE INVENTION

The preéent invention provides a system for the
. wireless transmission of multiple information signals
10 utilizing digital time division circuits between a base
station and a plutality of subscriber stations. The
subsc:iber stations may be fixed or movable. The number of
time division circuits is determined by the transmission
quality of the signals. The base station is interconnected
15 with an external information network, which may be analog
- and/or digital. The information signals are selected froﬁ-
the group coneisting of voice, data, facsimile, video,

computer and instrumentation signals.
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relatkvely fast and relatlvely S|OMlnDVIng The nDduIatlon | evel

si gnal
si gnal
spati.al

5

error detection in the system The systemis provided with
diversity by using a plurality of antennas selectively spaced from

eaﬁh other to provide relatively high signal reception despite signa

adi ng. 10 The base station operates over a plurality of RF: channel
Each channel pair operation is inplenented . by the

conbi nation of a transmit channel circuit for processing a given plural
nunber of i nforhetmovablensubsceibeyrcatativhsapagubey selectisieldghone
conpany trunk lines 15 for sinmultaneous transm ssion to different

subscri beretatively fast andi vredatisiedyf sdgwemoyifgk) channel, and a
recei ve channel circuit for processing a plurality of signals received

si mul t aneously over a given RF channel fromdifferent subscriber stations

pairs.

5

10

15

20

to provide information_signals 20_ for transnlssion over_ the trunk |ines.
2 Separ at e ThAVEPIPIAtiED; teved, of; £he. the, signads,and-Ahey ROMEY of the

trunk lines i;edcggviﬁt'”gskhe ngogg%us%ed in accordance with signal

error detection in the system.

- The system is provided with spatial diversity by using

a plurality of antennas selectively spaced from each other i,)

to provide relatively high signal reception despite signal

fading.

The base station operates over a plurality of RF.

channel pairs. Each channel pair operatibn is implemented.

of the the
s and the power applied to the systemare ‘adj usted in accordance wth

v

_ by the combination of a transmit channel circuit for.
processing a given plural number of information signals.
received simultaneously over_télephone company trunk lines
for simultaneous transmission to different subscriber (_j

stations over a given radic frequency {Rr) channel, and a -
receive channel circuit for processing a plurality of
signals received simultaneously over a given RF‘dhannel-from
different subscriber stations to provide-informatioﬁ signals

for transmission over the trunk lines.

T et vaean i — on i - . e w——. - - . e
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signal s received overtgéatrunk lines into digital éLgnaI sanples. 5

The trah§n1t channel circuit includes a given plural nunber of separate

si gnal conpression devices for sinultaneously conpressing the digital
sigﬁ%l sanpl es respectively derived from separate ones of the conversion
devices to provide the given nunber of separate conpressed 10 signals; a
chahnel control unit cagnnected to the conpression devices for sequentially
conbi ning the conpressed signals into a single transmt channel- bit stream
with each of the > respective conpréssed signals occupying a
repetitive sequgntial sl ot _positiongn. the transmt channel bit stream 15

associ ated wi t hoSPBFaLE: SPRVEESion. devices are,respectiveldyscannastesEaand

a unit f L di e h Y l, f t | SSi th

or edet er m ARGAFREC Rle sYoRR kel 3HE soldtbindsne Jpdnrmation <1 cam An
h t ' ' 2Q . . ' t

Tri catod SAEReap PROeIRRRTLRET SHRTEREN THHEN aBtosdigtiRY Wiy

renmot e- conggmpr @B, processor unit is coupled to the trunk lines and responds
to an incom ng call request

5 The transmit-cbannel circuit includes a given plural
number of separate signal compression devices for
simultaneocusly compressing the digita; signal samples
respéctively derived from'sepﬁrate ones of the conversion
devices to providé’tye given number of separate compressed-

10 signals: a channel control unit connected to the compression
devices for sequentially combining the compressed signals
into a single transmit channel bit stream,.with each of the

L respective compressed signals occupying a repetitive

sequential slot position in the transmit channel bit stream
15 associated with a predetermined one of the separate
compression devices and a unit for providing a transmit

/ channel signal for transmission over the predetermined RF

channel in response to the transmit channel bit stream,

An exchange couples the respective separate conversion
20 devices to indicated ones of the separate compression

devices.

-t — -



signak\received over one of the trunk lines by provrding a slot assignnent
signak indicating which one of the separate 5 conpressi on devices the
exchange is to connect to the one of the separate. conversion devices o
connected to the one trunk line, and thereby assigns to the one trunk Iineﬁ!‘
the slot in the transnmt channel bit stream associated with the one of the
separate conpression devices that is so connected by 10 t he exchange. The
renot e- connecti on processor naintains a nenory of which slots are so
assi gned and consults such nenory upon recei pt of an incom ng call request
and then p_rOVth‘idd&ﬁééﬁné’é@i&@g@Péeééﬂéﬁ'uﬁfet16f566b1e3h€o‘3€_3860tlOn to
a conpression device associated 1 wth one of the slots that is not
assi gned trankNQlifs tand krdsponds €6/ AnPincomsng callopegaesd to the
renot e- connecti on processor and responds to the slot assignment signal by
causi ng signaicireusived cover cone tOf thentranknlindschycprbyidingha sl ot
"assi gnnent signal. 4. The receive channel circuit includes a receiver
unit for sletecassignmnent signahaindicstingl whichfonepofctbei agpakateecei ve
channel signal to provide a receive channel bit ' _

5 compression devices the exchange is to connect to the one of

the separate conversion devices connected to the one trunk
line, and thereby assigns to the one trunk line the slot
in the transmit channel bit stream associated with the one
- of the separate'comp:essioh.dgvicés-that-is so connected by iej
10. the gxchangg. The remote-connection processor _
maintains.ﬁsmemory of which ;1ots~aren39 ;ssigned and
consults such memory uéon receipt of an incoming call
request and then provides the slot assignment signal that
effects the connection to # compression device associated
15 with one of the slots that is not assigned to another trunk

line.

A call processor is connected to the remote-connection g;)
processor and responds to the slot assignment signal by
causing the exchange to complete the connection indicated by

20 the slot assignment signal.

s = e w- a m - memis e meme
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strean{epntaining'sepafate conpressed signals in digzérent 5 respective
repetitive sequential slot positions; a given plural nunber of separate
si.gnal synthesis devices each associated with a different slot position in
tﬁ@%receive channel bit streamfor reconstructing digital signal sanples
from separate conpressed signals contained in the associated 10

respective slot positions of the receive channel bit stream and a control

control unit for segregating the separate conpressed signals fromthe
recei ve channeThgi reseive chaangls cinanit, dnclades; & gecaiverymnit to the

From uhi CAOFNESSRITARG & FeCEIVE, AGRnel. SAGRAL D FRR FIAPERRAILS ar o
STohal safbFcEerBiNe GhRaRed, PPN £4 FEAVIAE A J8UnivR dbane] Rkl i ve
“wi th one SFrelR” SeReaiAind RAPARRSE’ cole¥elReY WilhATE N QAN

gichggn)gter ggﬁ&gt&?ﬁ%%g%tiﬁqsge ara ie%%)?clg;rﬁ rsi \(ﬁoé*e%cd;?&?q ﬁdi ca;rgg

ones of tpReytalandnber of separate signal synthesis devices each

associated with a different slot position in the receive
channel bit stream for reconstructing digital signal samples
from separate compressed signals contained in the associated

10 respective slot positions of the receive channel bit stream;
and a control control unit for segregating the separate
compressed signals from the receive channel bit stream and
distributing the segregated signals to the separate
synthesis devices associated with the respective time slots

5 15 from which the signals are segregated.

Separate reconversion devices are respectively connected
to each of the trunk iines for reconverting digital
\_/ signal samples to information signals for transmission over
the respective trunk lines. Bach of the separate
20 reconversion means is associated with one of the separate
conversion means and is connected to a common one of the

trunk lines with the associated separate conversion means.
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synt hesi s devi ces. -- The renote-connection progg;sor responds to the 5
incokd ng call request signal recéived over the one trunk Iine by providing
a slot assignment signal for indicating which one of the separate synthe $;
devices the exchange is to connect to the one of the separate reconversio
devi ces connected to the one trunk |.ine and-thereby assigns to the 10 one
trunk line the slot-in the receive channel .bit stream associated with the

reans | The riRG aFcRkRRE"SERRIRE $E8 FURRelRS]. SBSRIE Oy \1° DNTTONOC
[0 Lhe regeinGefhinA°RePibed! £80InAIEA1AN"BRRNIEE 11D Khparatsul (S sSuch

menory upon recel e -incomng call request an ides to the

cal | progesepésifcagvebesssi gnment signal for effecting the connection to a
synt hesi s device associated with one of the slots that is not assigned to

anot her trunk line. 20 The system of the present i nvention makes use
of advanced digital and |arge-scale-integration electronics- techniques to
bring | ow cosTher eemoteeconngitdon ptpcﬁssorcuﬁmwmnﬁd|uunthho vari ous

mar ket segnents. One preferred
s incoming call request signal received over the one trunk =
line by ptoviding a slot assignment signal for 1nai¢ating
which ane of the separate synthesis devices the exchange is ---
to connect to the one of the separate reconversion devices _
connected to the one trunk line and-thereby assigns to the _Efa
10 one trunk line the slot-in the receive channel bit stream

associated with the one of the separate synthesis devices

that is so connected.by.the_exchange means. The .

remote-connection processor maintains a memory of which -

slots in the receive channel bit stream are so assigned and

15 consults such memory upon receipt of the incoming call ~
request and then provides to.the call processor the slot
assignment signal for effecting the connection to a
synthesis device associated with one of the slots that is -

not-assigned.to-another trunk line, -

20 The system of the present invention makes use. of .
advanced digital and large~scale-integration electronics-

techniques to bring low-cost, reliable, high-quality

. Ml e —— o - B 2 41 o —————, o

e - s e . e meeena

-

"




enbodigfent uses a fixed base station installation cgg%rally | ocated to
comuni cate with a | arge nunber of subscriber stations placed in the nearby
qg?graphic area. The central 5 base station may be connected to a central
okFfice of a public switched tel ephone conpany (Tel co) network through a
private branch exchange switch (PBX) connected to incom ng tel ephone
trunks. The subscriber stations in the systemmay be either fixed-base
‘portabl e Qoniiiiicatfondits & 0 L1 05R% bPe fd

relatively slow or fast nntig%. e §€ﬁ§%rf gﬁggﬁgfions c%€ﬁ§%¥€§§e W th
the base ymticaiment ddde ' Lxdd Bue SseRidh Indte1YE o] d
two-wi re DTMF touchtone tel ephone equi pnment or via RS-2§£%#0€‘€%§£§§§

non- st anddotatedcts tedmmnsi dfte) with Vi ' Fargd Nfulbét €5 "Babderibee Used to
repl ace existing hard-wired | ocal subscri.ber |oops or toprovide quality

_ tel ephone stantions tplacedsinthie nearby CQEOFLaphic Srea0tTheéacehteadr
econom cal. One feature of the systemof the present invention is the

abi | i By t dapse atatpion wmay de monnedtedctess ¢dnttdl cofif e ofli gi pablipeech
encoding to allow sinultaneous nmultiple use of frequencies within a given
networ k. AWAtched telephans company - (felce) netwerkithrough nmypbivate

operating,on a_given frequency channel (with 25 KHz channel spacing) at a
time. 7 branch exchange switch (PBX) connected to incoming telephone

trunks. The subscriber stations in the system may be either
fixed~-base portable or mobile in nature, and may be

— 10 operational in either relatively slow or fast motion. The
‘subscriber stations communicate with the base station via URF
radio channels and with the user via standard two-wire DTMF
touchtone telephone equipment or via RS-232C or via
non~standard phone stations (e.g., 4-wire). The system may

15  be used to replace existing hard-wired local subscriber loops

or to ‘provide quality telephone service to areas where wired
connections are not feasible or economical.
v One feature of the system of the present invention is

the ability to use time division multiple accesé {(TDMa)} and
20 digital speech encoding to allow simultaneous multiple use of

frequencies within a given network. Any feasible number of

high~quality voice circuits may be operating on a given

frequency channel (with 25 KHz channel spacing) at a time.



_ % o
Four such circuits are used for illustrative purposes. This provides both a
spectral- and an economi ¢ advant age over existifng anal og radi o- phone systens
whi ch can provide for only one conversation at a time on a given frequency o
channel . 5 Feat ures which bring about the | ower-cost fixed, nobile '
and portable service are the use of lowrate digital voice coding (less
than 16 Kbps) conbined with spectral -efficient digital nodul ation

techni quegouzopu Blrouite @reused 262 911a3i£a616bp§u&9bsesqodumas
techni que and 16-1evel DPSK 10 nodul ati on all ows four sinultaneous

full -dupl provides Bitlons spedtrslpandt sl economicgbdvantagel oerKHz Bw
channel s that are spaced 25 KHz apart in the entire spectrum and

parti cul amxistind anklbs adic-phonéOsysténsHehichneansprowidec oy nati on
provi des good quality speech over a distance 15 of at |least 20-Km To be
conpet i ti wnly onevconversationcat a time onrycgiyepufnequency chiaanelbers
nmust be accommodat ed than can be supported sinultaneously on a given pair
of 25 KHz channels. For exanple, a 12-channel -pair systemwhi‘ch supported

S o SR AR ook S ek o R o
peak-hour bltf G n@aﬁg b saebilnlricé/)are tRe & use of low-rate digital voice
coding (less than 16 Kbps) combined with spectral—efficient-
digital modulation techniques. For example, the combined use
of a 14.6 Xbps voice coding technique and 1l6-level DPSK -~ &ef
10 modulation allows four simultaneous full-duplex conversations
to be supported on a single pair of 20 KEz Bw channels that
are spaced 25 KHz apart in the entire spectrum, and

particularly in the 400-S00 MHz and 800-950 MHz segments.
This combination provides good guality speech over a distance

-
15 of at least 20 Km.
To be competitive with wireline service, a much larger
population-of subscribers must be accommodated than can be g~/

‘supported simultaneously on a given pair of 25 KHz channels..-
For éxample, a 12-channel-pair system which supported 47

20 simultaneous calls might have a total off-hook plus on-hook
population of 500 subscribers (with the maximum constrained

by the desired peak-hour blocking probability). Thus, a




subscri ber caII-requess:EOntrol schenme whi ch providéa;reasonable

cal | -connection delays is also an inportant feature of the present

i pvention. Additional features of the present invention are 5 descri bed
n“relation to the description of the preferred enbodi ments. BRI EF
DESCRI PTI ON OF THE DRAW NGS Figure 1 is bl ock dlagran1generally show ng the
RF:subscri ber tel ephone system of the present invention. Figure 2

' bl ock di f t at f d t the b
Sation | Rk e e Th reséﬁ‘sae#gaB “scheng Which BERyidesor o
referred _enbodi bscr ' h f F 1. 15
Elgure 4|ﬁqﬂﬁﬂéé§i: ??&f%%%ﬁ@ﬁ% ﬁﬁgéxggéhgé Qsai diggbgﬁénéggggrlber
st at ' t bet n t
Subser | beFeRtie WGP R Pibledf ﬁ??h BRates var i ous data processing

nodul es i npl enented in the renDte-controI processor unit (RPU) in

Additional features of the present invention are
S described in relation to ﬁhe description of the preferred
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is block diagram generally showing the RF

subscriber telephone system of the present invention.

10 Figure 2 is a block diagram of a representative
preferred embodiment of the base station in the
system of Figure 1.

Figure 3 is a block diagram of a preferred embodiment

of a subscriber station in the system of Figure 1.

15 ~ Figure 4 illustrates the sequence of messages generated
by the subscriber stations and the base station to establish

a connection between two subscriber stations.

. e e e pm | memmem e e s n



W %
the bage station of Figure 2. Figure 6 illustrates the processing of
I ncomng and 5 out goi ng BCC nessages by the RPU in the base station of

Figure 2. Figure 7 illustrates the processing of incom ng and out goi ng PBX
nmessages by the RPU in the base station of Figure 2. 10 Figure 8
illustrates the processing of |ogger nmessages by the RPU in the base
station of Figure 2. Figure 9 illustrates a nenory map of the RPU in the

base station offfgyee 5 AlIagtratés vardousaiatat progessdiny spdulewssages

o/

15 relating to the RCC state by the nmessage processing nodule (MPM) shown

i n Fi gur e implémented 1in |thetremotet-tontrodcpsocgssormusdtydRPU) in

relating to the channel state by the nessage processing NPM shown in Figure

5. Fi gure the ibase statiom 0f aFigurend.subscriber terminal interface unit
(STU) in the subscriber station of Figure 3. 5 Figure 13 shows the
signal interface between the PBX and the VCU in the base station of Figure

2. Figure 6 illustrates the processing of incoming and

5 outgoing BCC]messages by the RPU in the base statién of
Figure 2.

Figure 7 illustrates the processing of ipcoping and_

outgoing PBX messages by the RPU in the base station of
Figure 2.

10 Pigure 8 illustrates the processing of logger messages
by the RPU in the base station of Figure 2.

Figure 9 illustrates a memory map of the RPU in the

base station of Figure 2.
Figure 10 illustrates the processing of messages
15 relating to the RCC state by the message processing module

(MPM) shown in Figure 5.

Figure 11 illustrates the proceséing'of messages

10 .
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Figure 14 (on sheet 1)(%hom5 the signal interface batween the STU and the
VCU i1~the subscri ber station of Figure 2. 10 Fi gure 15 shows the
timngrelationships for the PBX-VCU interface signals shown in Figure 13
ane for the STU-VCU interface signals shown in Figure 14. Figure 16 (on
sheet 11) shows the signal interface between the VCU and the CCU in both
the base station of 15 Figure 2 and the subscriber station of Figure 3.

Figure 17 o) the timng,rel ati i p.for.the transmt_c | sl.gpal s of
the vou CESARFES tp ke rabuky, FAHe iyl epie) e daBi¥ Rriling WO 7 0
timng re Longhi t recei ve channel signals of the VCU CCU signa
interface‘s omnigngﬁkg&Fé%?G. Fi gures 19A.and 19B respectively show t he

“timng 5 rel ationships for the transmt and receive speech bl ocks that
are transferred between the VCU and CCU for 16-1evel PSK nodul ati on.

Figures 20A shp 81273y s Hioek Miadilin? df EHW KB IBe (tdriird®e

“recei ve channel etween the VCU and t he PBX
interface unit (STU) in the subscriber station of Figure 3.

s Figure 13 shows the signal interface between the PBX
and the VCU in the base station of Figure 2.

Figure 14 (on sheet 1) shows the signal interface
between the STU and the VCU in the subscriber station of

Figure 2.

10 Pigure 15 shows the timing relationships for the
PBX-VCU interface signals shown in Figure 13 and for the
STU-VCU interface signals shown in Figure 14.

Figure 16 (on sheet 11) shows the signal interface
J between the VCU and the CCU in both the base station of
15 Figure 2 and the subscriber station of Figure 3.

- Figure 17 shows the timing relationship for the

transmit channel signals of the VCU-CCU signai interface

shown in Figure 16.

11



10 or

out put- da
t he PBX (
bl ock dia

functi ona
timng.di
transmt

transferring RiQurel I8 shries cthe thringi relationshiphforctbeveepeivel the

CCU of Fi
t he base¢€

S a

STU) for 16-1evel PSK nodul ation. Figure %BB shows the input and

ta timng and content for the transmt channel between the VCU and

or STU) for 16-1evel PSK nodul ation. Figure 21 (on Sheet 5) is a
gram of the CCU of 15 both the base station of Figure 2 and the
sybscri ber station of Figure 3. Figure 22 shows the software-inplenented

| architecture of the CCU of Figure 21. 12 Figure 23 is a
agramfor transferring RCC and 16-1evel PSK voice data on the
bus of the CCU of Figure 22. Figure 24 is a timng diagramfor

v

ure 23. Figure 25 (on sheet 3) is a_ block di'agram of the nodem of

gm’ﬁd-n gl af the VEP=CCULsignalrintarfaneoshpwguia 3. 10

Fi gure 26 shows the signal interface between the CCU, the nodem and the
STIMJ i nFdgar®ad® st ation of Figure 2. Figure 27 shows the signal interface
bet ween t he nodem

"Figures 19A and 19B respectively show the timing

5 relationships for the transmit nnd-rg@eive speech blocks

that are transferred between the VCU and CCU for 16-level .

PSK modulation.

Figures 20A shows the input and output data timing and

content for the receive chaﬂnel between the VCU and the PBX

10 {or STU) for 16-level PSK modulation.

Figure 20B shows the inpnt.and'outpqt.data timing and

content for the transmit channel between the VCU and the PBX

{or STU) for l1l6-level PSK modulation.

Figure 21 (on Sheet 5) is a block diagram of the CCU of

15 Dboth the base sfgtion of Figure 2 and the subscriber station

of Figure 3.

Figure 22 shows the software-implemented functional

architecture of the CCU of Figure 21.

12 .




and the RFU in the base%“station of Figure 2 and in the subscriber station
of Figure 3. 15 Figure 28 is a block diagram of the antenna
interface circuit for the subscriber station of Figure 3. 13 Figure 29

i s bl ock di agram of the antenna interface circuit for the base station of
Figure 2. 14 GLOSSARY OF ACRONYMs d ossary of acronyns used in the

Speci fi cati on ACRONYM DZFI NI TI ON A/ D Anal og-to-Digital
Converter 5  ADPCM _ Adaptive Differential Pulse Code Mdul ati on AGC
Automatic Gain Control AM Anpl i tude Modul ati on BCC

Baseband Control Channel BPSK Bi nary Phase Shift Keying Mdul ation
10 BW Figurm 3 ishaCtiming diagrashforctrensfeciringi RCC and

l16-level PSK voice data on the transmit bus of the CCU of
- Figure 22. |

Pigure 24 is a timing diagram for tiansferring RCC and
5 l6-level PSK voice data on the receive bus of the CCU of

Figure 23.
o
Figure 25 (on sheet 3) is a block diagram of the modem
of the base station of Figure 2 and the subscriber station
) of Figure 3.
10 Figure 26 shows the signal interface between the CCU,
s the modem and the STIMU in the base station of Figure 2.
Figure 27 shows the signal interface between the modem
and the RFU in the base station of Figure 2 and in the
W/ subscriber station of Figure 3.
15 Figure 28 is a block diagram of the antenna interface

circuit for the subscriber station of Figure 3.

13



CODEC Combi ng'Coder and Decoder DEMOD C - Denodul at or (Recei ve
Port(on of Modem) D/ A Digital -to-Anal og Converter 15 dB

Deci bel s DI D Direct Inward Di al DVA Direct Menory o
Access DPSK Differential Phase Shift Keying Mdul ati on DTMF

Dual Tone Ml ti-Frequency signalling schene ECL

Emtter-coupled Logic FCC United States Federal Conmunications
Comm ssi on FI FO First-ip FEirst-out ry FIR

Fi ni t e- Dur at iﬁﬂhﬁu?%éke&pb%gﬁgf fipgram °4\—/IE£R" antenna interface., . .o
per second) | | n- pha | F . | nt er nedi at e Frequency .
Kbps  circuig;fes; ?E‘*p@?‘geggﬂgﬁﬂﬁz of Figure 2. |, oriz 10 Km

Kil ometer LSB Least Significant Bit NMDPSK Mul ti - phase
Differential Phase Shift Xeying nodulation Mz MegaHert z

14

- hm e s e cmmmr i @ eemme s mmie mmmea woas m o n —temee —aw e = momea e B c sem et e lme s L e m e b S te e amwm =y



4 >

15 MODEM Conbi ned Modul ator and Denodul at dr MPM Message
Proceséing Modul e ns mlliseconds OCXO Oven Controll ed
Crystal Gscillator PBX Private Branch Exchange or Automatic
Swt’ch 20 PCM Pul sed Coded Modul ati on 16 PSN

Public Switched Network PSTN Public Sw tched Tel ephone Network or
othér interconnecting carrier (typically Telco) Q Quadrature 5
QPSK Cuadrature Phase Shift Keyi ng Modul ati on RBTG

Ri ngback Tone GEnerator Random Access Menory RCC

Radlo Cbntegé ggﬁg EE&E&!HS - Residual Excited Linear Prediction 10
5 I 0 Frequency RFU - Radi o Frequency Unit RPU
Renote Connection Processor Unit ROM Read-only Menory RX

Recei ve 15 SHF Super Hi gh Frequency (3, 000-30,000 MHz)
. Glossary of acronyms used in the Specification

ACRONYM DEFINITION

A/D Analog-to-Digital Converter

5 ADPCM Adaptive Differential'ﬁulse Code Modulation
AGC - Automatic Gﬁin Control
_ AM Amplitude Modulation
BCC Baseband Control Channei
BPSK Binary Phase Shift xeyin§ Modulation
10 BW _ Bandwidth
CCu - Channel Control Unit
CODEC Combined Coder and Decoder
— DEMOD Demodulator (Receive Portion of Modem)
D/A " pigital-to-Analog Converter
15 dB Decibels
DID Direct Inward Dial
~/ DMA Direct Memory Access
DPSK Differential Phase Shift Keying nodulation'
DTMF Dual Tone Multi-Frequency siénalling scheme

15 .
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SI'N Subscri ber Identification Nunber SLIC:(?. Subscri ber
Loop Mnterface Circuit STIMJ System Timng Unit STU
Subscri ber Station Tel ephone Interface Unit 20 SUBTU Subscri ber
Timng Unit 17 TDM Time Division Miltiplexing TDVA
Tipe Division Miultiple Access Tel co Tel ephone Conpany TX
Trénsmit 5 UHF U tra-H gh Frequency UTX- 250 Switch that
i ncl udes processirng and interfacing and which nay be but is not necessarily
a PBX UwW Unique Wrd VCU Voi ce Codec Unit 10 VCXO

Vol t age roller Crystgmiéberlbat leHHEog ' Very Hi gh Frequencies
(30-350 ) DESCRI PTI ON OF THE P MBODI MENT In this description,

it is to lpgenoted that weiced SeatesUFadelaldcComminicatione ¢omlE®idns

used in the

FIFO Pirst-in First-out Memory _
FIR Finite-Duration Iﬁpulse-nesponse-filter
5 Bz HBertz (cycles per second)
p | In-phase'
IF Intermediate Frequéncyn
Kbps Kilobits per second |
KHz KiloHertz ' ' 4
10 Km Kilometer .
LSB Least Significant Bit
MDPSK Multi-phase Differential Phase Shift Keying
noéulatzon
MH2 HegaHertz
15 MODEM Combined Modulator and Demodulator
MPM Message Processing Mbdule |
ms milliseconds
0CX0 Oveh Controlled Ctystal Oscillator <;/
PBX Private Branch Exchange or Automatic Switch

20 PCM Pulsed Coded Modulation

16




| .
( described enbodi nent, the invention is equally a;g;icable to at |east the
entire VHF, UHF and SHF bands. Referring to Figure 1, the system of the
present invention provides |ocal-loop tel ephone service using UHF 5 radi o
between subscri ber stations (S) 10 and a base station 11. The base station
11 provides call connections directly between the radi o-based subscri ber
stations 10 and is connected to a tel ephone conpany (Telco) central office
12 for calls to or frompoints outside the system 10 For exanpl e,
the illustrated system operates on common carrier frequency channel pairs

w thin tips¥54 MHz to 4pepidi Qagéeh;aiﬁee?bﬂ"cul ar set of frequencies
el.s

contains 26 specified channels. The chann are spaced 25 KHz apart with

‘an aut horp& bandwi dt hPab126 iritcheactelepRbnecRetork! bgnsmt and -
receive channels is 5 Mz with the center frequency o? the |l ower of the two

frequenci es being assi gnedthert intépeenfecting taspidrs{egpically d1edhed
"previously, the system may al so operate on other UHF channel paifs. The
mode of t@ansm ssion fr@uadtatbmee station to the 20 subscri ber station
(the transmt channel) is tinme division nultiplexed (TDM. The transm ssion
fromX he ®¥Kcri ber 19 Quadrature Phase Shift Keying Modulation -

RBTG Ringback Tone Generator
RAM é;ndom-hccess Memory
RCC Radio Control Channel
~ RELP Residual Excited Linear Prediction
10  RF Radio Fregquency |
: RFU Radio Frequency Unit
RPU Remote-Connection Processor Unit
ROM Read-only Memory
_ RX Rgceive
15 SHF .Super High Frequency (3,000-30,000 MHz)
SIN Subscriber Identification Number
SLIC - Subscriber Loop Interface Circuit
' . STIMU System ?iming Unit
STU Subscriber Station Telebhone Interface Unit
20 SUBTUD Subscriber Timing Unit

17
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N
statign to base station (the receive channel) is ti\e division nultiple
access- (TDMA). all systens are designed to be conpatible with 47 CFR FCC
Parts 21, 22 and 90, as well as with other relevant 5 rul es. _
Conmuni cation between the base station 11 and the subscriber stations 10 i &+
acconpllshed digitally by filtered nmultiphase differential phase shift
keylng (MDPSK) nodul ati on on 25 KHz spaced full duplex channels in the 454
to 460 MHz 10 band, thereby satisfying the requirenents of 20 KHz
bandw dt h such as designated in FCC rule Parts 21, 22 and 90 (e.g., 21.105,
22.105 amppm20. 209). Thl3tnysbg«ianunauﬁmtbp1uaedgfor ot her band mndths and
spaci ngs within any feasible portion of the VHF, UHF and SHE spectrums. 15
The synbapMaat e on eachTihe KBEkvESfonhMabeiple A6cksisosynbol s/ second in each
direction. Voice transm ssion is acconplished using 16 | evel PSK nodul ation
and voi c&edicg ti zati on ¥elephonedCaoppanye of 14.6 Kbps. Alternatively, the
nodul ati on may be two-1evel (BPSK) or four-level (QPSK). 20 A m xture of
di f f er enfT¥pdul ati ons | BGansmity be used on the same channel

si mul_t aneousl y. VVth tlne leIiIOﬂ 20
5 UHF Ultra-High Frequency .

UTX-250 Switch that includes processing and interfacing

and which may be but is not necessarily a PBX

oW Unique Word

VCU Voice Codec Unit o s
10 VCXO Voltage Controller Crystal q§cillator

VHF Very High Frequencies (30—3§o.nnz)

o/
DESCRIPTION OF THE PREFERRED EMBODIMENT
In this description, it is to be noted that where a
particular band (e.g., 454 to 460 MHz) is used in the o
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nulti&?exing, t he systé;;provides one conversation fe each multiple-of-two
phasest at the 14.6 Kbps rate (4 phases provides two conversations, 16
phases provides four conversations, etc.) or nore as appropriate for |ower
rates. 5 This is, of course, only one exanple since, as shown by the
followi ng chart, many different conbinations of nmodem bits/synbols or
phdses and deec rates nmay be used: Chart 2-\Way Conversations or 10

Eubplsex g r%eﬂgaunamseﬁ%eﬁet °nd’ nﬁ’#m%nww idaily. sppridiie o
g i@l%éast the 58t%£e VHF, UHF and %HP bands.161%5 32

. 24 128
-7 14 28 The base station is capable of transmtting and

receiving on any or all of the available FCC 25 KHz spaced 20 frequency

channel s in theRéEérrdngteoMrigared Ijhahe systen b itHes presex ect abl e.
~Channel frequency sel ection for each voice channel is acconplished

aut omat'i calhyehtibhe pravidesailocal-doopited ephome [mexvime hfsimge [OHFdden at
an(nmgatoL;eio between subscriber stations (S) 10 and a base station
11. The base station 11 provides call connections directly
between the radic-based subscriber stations 10 and is
connected to a telephone company (Telco) central office 12

N for calls to or from points outside the system.

10 For example, the'illustratea system operates-on'common
carrier frequency channel pairs within the 454 MHz to 460 MHz
band. This particular set of frequencies contains 26 -
specified channels. The channels are spaced 25 KHz apart
with an authorized bandwidth of 20 XHz. Spacing between

15 transmit and receive channels is 5 MHEz with the center
frequency of the lower of the two frequencies being assigned
to the base station transmissioné. As indicated previously,
the system-may élsé'operate on other UHF channel pairs.

- The mode of transmission from the base station to the
20 subscriber station (the transmit channel) is time division

multiplexed (TDM). The transmisSiOn from the subscriber

19



consql e interface provided at the base station. 21 The base station may
have a transmtter power output of, typically, 100 watts for each frequency
channel . The base station provides nodul ation control, and tinme slot and
frequency channel assignnments to the subscriber 5 stations. In addition
agaptive power control over the subscriber stations is exercised by the

base station to mnimze sequential ti-me slot differences and adj acent
channel statdibar ¢ocbastnistation atthey Feteiveé tchapmelr fonpdme) trunk |ines
10 and the TDM sl ots on the sel ected channel is acconplished by the base
station divigioncmnltiiple: atiqgss | (TOMAXH, al though it is possible to
substitute an analog switch. The base station provides triple spatial

diversity capability on the receive channels. 15 The subscriber
station is ca able o eratin hree branch djversit
transnitter &xne ﬁ%%? bFe Peicrmpatibl ﬁnﬂ’-é’. Mt?@a but it

fﬁ?oﬁéha?’h?? % °V?&g?t{%em€??€5 £ FRLT o weR SPheF Eefevand’ | O

5 rules.

Communication between the base station 1l and the
subscriber stations 10 is accomplished digitally by filtered
. multiphase differentialhphase shift keying (MDPSK) modulation J
on 25 KHz spaced full Qpplex channels in the 454 to 460 MHz
10 band, thereby satisfyiﬁé the requirements of 20 XHz bandwidth
such as designated in FCC rule Parts 21, 22 and 90 (e.gq.,
21.105, 22.105 and 90.209). This system may also be used for

other band widths and spacings within any feasible portion of

the VEF, UHF and SHF spectrums. ~
15 The symbol rate on each 25 KHz FCC channel is 16
kilosymbols/second in each direction. Voice transmission is
o/

accampli;hed using 16 ievel PSK modulation and voice

digitization with a coding rate of 14.6 XKbps. Alternatively,

the modulation maflbe-two-level (BPSK) or four-level (QPSK).
20 A mixture of different modulations levels may be used on the

same channel simultaneously. With time division

20




time full-duplex, the géisysten1operates at half-ddgiEX by utilizing
appropriate tine division nultiplex timng nmethods. The subscriber station
interfaces with any tel ephone instrunment for voice comrunications, or the
t elephone nmay be 5 built into the system In addition, a data connection
such as an RS-232C standard 25-pin connection is provided for 9600 band
ratle data transni ssion between subscribers The base station and the
subscri ber station ain eratln ower from any feasible source,
eitherilﬂﬂﬂﬂéip¥ﬂx erékﬁ 'Zﬂ em P’°gfsgﬁr€”2 ?Q“EP%? thoni §QFa#26h an
enbodi nment st atd on tha p e 5| eo s_operation of
t wo pa|HSQH f'gﬂﬁ phaseg o % gﬁg ﬁéyéckgﬂﬁng hp fi&ffel can
“process u f u referred
erboa menPr THRAEE -aﬁ"b‘?£°§9€P§%*%8€§anag”é%§‘?§§ §£¥v=éﬁsn2§+'9pa. ' There
are sever glopddFedt fois | e€ACH 6PBEL: " gpi?gggésveaél 18¥ak! 2pkgsli M
chann

-slots is require 10 contro Connect1 ons betwe

the §TN aFph ¢ %St@f%wﬁestaﬁ X?“éné@xﬁﬁbﬁé' bthed, 2ad aﬁb%abpedhén the
private branch exchange is resident in the base
station. ﬂ&ti&ﬁihé5c33rt, many different combinations of modem

bits/symbols or phases and Codec rates may be used:

Chart I

Co 2-Way Conversations or
~ 10 Duplex Circuits Using Codec Rates of:

Phases Modulation 14.4 Kbps 6.4 Kbps 2.4 Kbps

4 2 4 ’ 8

8 3 6 12

16 4 8 . 16

15 32 5 10 20
64 6 12 24

128 7 14 28

The base station is capable of transmitting and
receiving on any or ail of the available FCC 25 KHz spaced
\/,20 frequency channels in the 454 to 460 MHz band wherein the
channels are selectable. Channel freguency selection for
each voice channel is accomplished automatically by the base
statiqn, one at a time, but may be overridden at an operator-

console interface provided at the base station.
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is a rfiodel UTX-250 system an off-the-shelf product devel oped by the United
Technol ogi es Building Systenms G oup. Many of the existing features of the
generic PBX systemare utilized in the control of Telco interfaces required
in the systemof 5 the present invention. The PBX 15 al so converts voi cew/
i nformation to/fromthe PSTN to 64 Kbps p-|aw conpanded pul se coded

nodul ation (PCM digital sanples. Fromthis point on, the voice.information
is processed kel blise wtlatiivnBhay havehgutrahsmbéterspoweenogtputhes,
subscri ber stations, 10 right up to the interface circuitry connecting to
the subseypically cli00 aatts ofof seach fpeqaehecyrchannelansnitter and
receiver permts. Digital voice information fromthe PBX 15 is next
processed by a voice conpression system known as ‘a codec 16, 15 which
reduces the voice information rate from 64 Kbps to approxi mately 14.6 Kbps
or less. The Ghedase station provifesi nodnlationecdontrods Mnédtimeve
(RELP) al gorithm or an SBC encoder-decoder to performthis voice rate

conpr essisdet And frequency chennel agsigsmgatpnte thegsubsgrdberodec unit
20 (vCU) 17 for performng, voice _conpression for the_four or_nore tine

sl ot § i n atation®equeinaddd » BAaptiye-Power; sAntTOLl19VeEthRocess four

01 I0re Wl L OLCEReUEObAO0Rh0a BY' Ink BakboURIk koA AN the

minimize sequential time slot differences and adjacent

channel interference.

N
Switching among Telco (telephone company) trunk lines
10 and the TDM slots on the selected channel is accomplished by
the base station using preferably a digital switch, although
it is possible to substitute an analog switch.
/
‘The base station provides triple spatial diversity
capability on the receive channels.
15 The subscriber station is capable of operating with \_/

three branch diversity. The transmitter power is typically
adjustable between 0.1 and 25 watts, but it can be adjusted
over other ranges of power. While voice communications

through the subscriber station are perceived as being real

22
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24 channel pair. Cbé;;ctions by the PBX 15 det errine which voice call is
processed by which VCU 17 and by which codec 16 in the selected VCU 17. The
circuits of each VCU 17 are hardware- mapped such that a voice call on a
spéﬁific 5 frequency and sl ot assignment in the base station is always
processed by the sane VCU codec 16. Each VCU 17 is connected to a channel
control unit (CCU 18. The CCU 18 controls the TDVA function and al so

functions as a Li- l.ev ot ocol processor. Each CCU 18 takes the 10
transnit ¢ *“gifSBPieﬁ Fﬁ@ 35d28§t99 pRerates At had fnduplea by, and

transmts t a_in_the ro me t ,and r, format to a
nodem uni t¥ ggl E&?ﬁ QEBIEB ﬁ#ﬂ&s‘iﬂgsﬂ'ﬂﬂu%’al éﬁin‘végéni%’lﬁ thadey by
a renote-control processor unlt RPU 20, to be used for the 15 br oadcast
(such as 2, 4 or 16 level PSK nodul ation). Each CCU 18 al so processes

‘The radi o cont rEpeoRuBEcEIBRE RERER \ArhiaBUR" HHR anY Ve Ubhad " D1
combi nat | on S SRpBE” foR Ye1EETRmucariiled BT BhECTRLSTIRM na, v
transgt dpagltr 8Acea¢heCoystm.S In addition, a data connection such
as an RS-232C standard 25-pin connection is provided for 9600
band rate data transmission between subscribers. The base

station and the subscriber station may obtain operating

power from any feasible source, either internal or external.
10 Pigure 2 is a block diagram of an embodiment of the base
station that supports the simultaneous operation of two pairs
of transmit and receive fregquency channels. Each channel can

" process up to four phone connections simultaneously. In the

preferred embodiment, there are many transmit and receive -

15 channel pairs. There are several time slots in each channel.

N4 One of the several available time slots is required for

a radio control channel (RCC).
Connections between the PSTN and the subscriber stations

are established and maintained in the private branch exchange

20 (PBX) 15 which is resident in the base station. The PBX 1§
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transferred at a 16 é:synbollsecond rate to the nég;n125 correspondi ng
19. Each nbdem 19 takes these synchronous synbols and converts themto a
Gray-coded nulti-level phase shift keyed (PSK) format. The transmt channeLi
out put of the nodem 19 is a nodulated IF signal. This signal is fed into 5
the RF/IF processing unit (RFU) 21 which then converts the IF signal to the
RF UHF signal in the 450 MHz range. Control .signals for the nodem 19 and

the RFU 21 are provided by the correspondi ng CCU 18, working under the
overal | jmont model UTK-250) syst&ne anroffgthe-shelfHpraduct) dexedoped

anplifiers 10 in the RFU 21 and transferred through an antenna %géerface
unit 22 by the Gnited Technologieg Puijding SyStemg GXOuPyc Manyi

function of the base station is essentially the_reverse of tmaéjégu%ﬁt
f unct i ortheE2*isting 1features 19f gsnegig PRX, syginn are ut e

5 the chmshe CoRTFol of Belen; LRRRETSERR, ERRLRRA AT ATa At 48l ol
on 3 Noduhe REBSFRE SPYRRELeR. \AbE, BRE" 13, MUY BorWi e fvapteL T ol
manageneil e HSt iS4 £rof ineOBSTH B HIRKLPR JLav Rdmpsiden SEPELON
coded modulation (PCM) digital samples. From this point on,
the voice information is processed in a digital format
throughout the base station and the subscriber stations,
10 right up to the interface Eircuitry connecting to the

subscriber telephone, or as far as the subscriber transmitter

and receiver permits.

Digital voice information from the PBX 15 is next
processed by a voice compression system known as a codec 16, .
15 which reduces the voice information rate from 64 Kbps to
approximately 14.6 Kbps or less. The codec 16 uses either a
Residual Excited Linear Predictive (RELP) algorithm or an SBC
encoder-decoder to perform this voice rate compression. N
Typically, four codecs 16 reside in a single voice codec unit
20 (VCU) 17 for performing voice compreséion for the four or
more time slots in each frequency channel. Each base station
VCU 17 can process four or more full-duplex voice connections

for both the transmit channel and the receive channel of each

24




mai nt enance. The RPU 20g| So comuni cates with a cal IC;)rocessor 24 in the
PBX 15 to control the interconnections 26 bet ween the codecs 16 and the
Tel co trunks acconplished by a switch matrix 25 of the PBX 15. Each
subscriber station is a relatively small unit which is |ocated at each user
site in the system The subscriber 5 station connects the user's standard
t el ephone set and/or data termnal or integrated acousti cal

Subscri ber SRARR ?é’ai‘éni?ﬁeﬁ%?%@te%? Bishe, K EiitJJ%#Feﬁﬂ%aéE?f Fation.
§ ,

channel & ﬁ%?ﬁénggﬁa 3 pEbReABRT BN WRTR TeI7, 17, o By, I Grd i

{requency abhathenBelpEish Veb, 17, MR/ P L T NEH VP LY &E,

15  The fuggs -Babpelti 38R0 ¢ il lea1i t ;
° [VBEEA04Sk-GAEphi UCRIthhe' ¥ Yol IGHLE o et Dase

‘station (Figure 2). user interface function 1s per t he

subscrider EpbgREARY WRECBLIES adRignmeRY) i tHE Hads HEDLontHS | Plvayde

associated function in the base station is performed by the PBX nodul’e. The
STU in the processed by the same VCU codec 16.

Each VCU 17 ié connected to a channel cdntfol unit (CCU)
18. The CCU 18 controls the TDHA_fﬁnction and also functions
as a link-level protocol p:oce#sor. Each CCU 18 takes the
10 transmit channel outputs of the codecs 16 in the
corresponding VCU 17 and transmits the data in the proper
time slot and in the proper formaﬁ to a modem unit 19. Each
CCU 18 determines the modulation levels, as directed by a
Y remote~control processor unit RPU 20; to be used for the
15 broadcast {such as 2, 4 or 16 level PSK modulation). Each
CCU 1B also processes control information.for communicati;n
to the subscriber stations through the radic control channel
4 (RCC) time slot and_during:overhead control bits in.the voice
channels. Each eh#hnel pair contains a series-connected

20 combinatién of a VCU 17, a CCU 18 and a modem 19,

Properly formatted transmit data from each CCU 18 is

transferred at a 16 K symbol/second rate to the modem

25



- N . . )

-

20 subscri ber station also perforns all control functions of the

subscri ber station just as the RPU functions in the base station. The
subscri ber stations act as slaves to the master 27 base station in the
overal | systemcontrol architecture. The STU may interface with an external™
i nstrument or may transmt and receive acoustically. Follow ng the data

Lo LI ough LI RISS LEET Bl e 24 NEulee eiohs o phetBbobpL 0 L 07
The T or R VRBPLE. 830, GPAVBEER, shep &i b rat-roded maf€fzienel Tornse e
o1 he Pondze! Rebhs NBRRS ARAL. | T Neanidle CHARGRT. htahe BF 0SS °
the 11k Bhka S9°5% Rt 1% 505 AR, B1GRA CELVRgaIEREE) P! O

that gisuathy /e Prbcetlidy Wik EUP 21 Wohgen cBRBRSLoRVeseLl TRe 1iN°

subscri ber station e€ssentia operates in the f - dupl ex .node,
transm ttgignhl &cPthe RF YR W3 gHAP {1 AFKe 24Si0 ' KAL) Yafigel " Cofit b er ent
portion of the TDM frame. Wth a franme size of 45 nsec the half-dupl ex
signals for the modem 19 and the RFU 21 are provided by the
corresponding CCU 18, working under the overall control of
the RPU 20. The UHF signal is amplified by power amplifiers
10 in the RFU 21 and transferred through an antenna interface

unit 22 to a transmit antenna 23 for open-air broadcast.

The receive function of the base station is essentially
the reverse of the transmit fuhction.. Each RFU 21, modem 19,

CCU 18, VCU 17 and the PBX 15 are full-duplex in nature.

15 The remote-control processor unit (RPﬁ) 20 is the
central cgntrol.processor which conveys connectidn data and
control messages to the CCU. The RfU 20 includes a
geﬂéral-purpose computer based on a Hode1.6800 microprocessor
which performé the sophisticated system maﬁagement functions

20 and control mechanisms for call setup, teardoﬁn. and
maintenance. The RPU 20 also communicates with a call

processor 24 in the PBX 15 to contrel the interconnections

26
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characteristic of the g;bSCriber station is transpa#ght to 20 t he user,
who hears continuous voice input fromthe party at the other end of the
call connection. The STU 27 and VCU 28, as well as the nodem 30a, may be
diwplicated to permit nore than one subscriber conversation. 28 The

hal f - dupl ex operation of the subscriber station offers opportunity to nmake
nofe efficient use of the available subscriber station hardware. The
subscri ber station VCU and CCU function in essentially identical nmanner 5
as in the bedseesnt gliomodecs ckétand the Telooi trunksaabteoxipligshed by a
concerned. Rowever, the nodem 30a is set up to operate in a half-duplex
node so t leitah matxine 2% @f AthePBXak8mi.t portion of the nodem are used,

~but not at the sane tinme. The primary savings here is that the RFU 31la need

only 10

operate in half-duplex node. This saves power in that the RF

power anplifier

t t hal f t I ne. t he, RF,
-transnit ant enr#%?}c‘iféﬁvs Oéﬂné)%gg{ig? ogggﬁrgfi"ﬁgsﬁilg ggﬂﬂﬁ?ﬁéﬁv&*‘hﬁ?enna

during th
function.

S AR ed e (Eh8n Mot e b Tr bR TPLER - TOERCCRuSH i

statign algyQdiid Yoltnécfs VEhe i¥er's standard telephone set and/or

10

15

20

data terminal or integrated acoustical transmitter/receiver
to the base station through the UHF radio channel. The
subscriber station's function is very similar to that of the
base station. However, vhereas the base station can operate
on one or more frequency channels simultaneously, each
offering the capacity to support several voice circuits, the

subscriber station normally operates on only one freguency at

a time.

Figure 3 is a block diagram of a subscriber station. .
The functional partitioning is very similar to that of the
base station (Figure 2). The user interface function is
performed by the subscriber telephone interface unit (STU) in
the subscriber station. The associated functioh in the base
station is performed by the PBX module. The STU in the
subscriber station also performs all control functions of the
subscriber station just as the RPU functions in the base

station. The subscriber stétions acﬁ as slaves to the master
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netwqrk including three nodems and a diversity combiner circuit 33. The
diversity conbiner circuit 33 gathers denodul ated receive information from
each of the denpods of 20 the three nodens 30a, 30b, 30c and combi nes the
three streans to forma single "best-guess"” synbol stream which is then
sent on to the CCU 29 to process. The denodul ation circuits 29 or denods
ih the three nodens 30a, 30b, 30c are connected to separate RX RFUs 31la,

31b, 31%?&%%%%%% ' V'S £ %@%ﬂﬁ"@l 338hi£@f£h?e?asfhe

stati on, recelver antennas and 34c are placed an

appropri gipg ﬂa? tfig%e:ffﬁa At W CéxtErmaDVinPe HMRER £ CoRt A8y SPRhhShLY

di verse signa e processed by a diversity network. The operation of
the di vepgigt ¥R WR kaddudtiswPpyent to the CCU function and therefore can

be replaced by a single nodem function at any 10 tine that the diversity
function is not required. The base station also includes a spati al
diversity network for each transmt and receive channel pair. Al though the
diversity net Rollowingtthhaiatatfkowatkrevghi thedsubsaniberregation,is the
sane as that shown in the subscriber 15 station.diagram of FEigure 3,
whi cB shdlre nsex Woice o data information is first processed by a
subscriber terminal unit (STU) 27. The voice signal inputs
from the user telephone are received and digitized in the VCU
28. The format for the digitized voice signals is identical
to the format used by the PBX 15 in the base station. The ~
10 subscriber station includes a VCU 28, CCU 29, modem 30a and a
RFU 3la that perform similar functions as the like units
described above in the base station architecture description .
related to Figure 2. One difference in the subscriber

station operation is that usually it is limited to only one

15 voice channel at a time. The subsqriber station essentially
operates in the half-duplex mode, transmitting in a portion
of the TDMA frame.and.receiving in a different portion of the
T™OM frame. With a frame size of 45 msec ihe half-duplex o

characteristic of the subscriber station is transparent to
20 the user, who hears continuous voice input from the party at

the other end of the call connection. The STU 27 and VCU 28,

as well as the modem 30a, may be duplicated to permit more

than one subscriber conversation.

28
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the diversity network #br a. single transmt and recg;ve channel pair.
Thus, each transmt and receive channel pair in the base station actually
contains three denpbds and one nodem connected to a diversity conbiner
civcuit as shown in 20 Figure 3. 30 Accurate timng synchronization
bet ween base station and the subscriber stations is critical in the overal
system The nmaster timng base for the entire systemis provided by the
base station. All subscriber units in a given systemb5 must synchroni ze
to this tine base, in terns of frequency, synbol timng and frame timng.

hi'gh accuracy ¢ AR GA LA S?é‘%iéﬂ%ﬁa“@ nd FopeeRiber ThFRL ROy

‘reference
si gnal and

“nmast er

references

U S SRy 8 T R T RSO L IR P, DT

base stal | Gbds Uiyl eddlathds %%E@{é’ﬂ%#é@&éhes@aé*% &6 SY D5pE ONOUS

signal 1s used e nodens 19 and the

RFUs 21 forgaGemivey famd cdtr ﬂ%ctiéﬁ%r@é’séﬁ‘éfén Ti®erdfi &kl mahnek
signal provides the synbol rate timng for transnlsS|ons on all base

statiop

10

15

20

as in the base station, at least as far as voice data
handling is concerned. BHowever, the modem 30a is set up to
operate in a half-duplex mode so that either the receive or
transmit portion of the modem are used, but not at the same
time. The primary savings here is that the RFU 3la need only
operate in half-duplex mode. This saves power in that the

RF power amplifier is active for no more than half the time.
Also, the RF transmit antenna 32a can be switched to operate
as a second receive antenna during the receive portions of
the frame using an RF antenna switch function. Furthermore,

no duplexer is required.

Each subscriber station also includes a diversity
network including three modems and a diversity combiner
circuit 33. The diversity combiner circuit 33 gathers
demodulated receive information from each of the demods of
the three modems 30a, 30b, 30c and combines the three streams
to form a single "best-guess”™ symbol stream which is then

sent on to the CCU 29 to process. The demodulation circuits
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freqdéncies. The 45 msec marker signal is used to denote the f

I rst synbol

in anewfrane. This marker is active for a period of one synbol tine

(62.5 m croseconds, equal to 20 1/ 16000 Hz). Al frequency
t he base station use the sanme tinme reference for transm ssion
timng signals (80 MHz, 16 KHz and start of franme [SOF] marker
provided to each nodem 19 in the base -station. The nodem 19 31

channel s in
The t hree
) are

di stri bubesabReazPAne Rhed thrde’ odentidda [ Boke FF 4&8&%&&%@% %%Fsane

series-connected.transmt and receive channel pair. The 16 KHz

r’

mar ker aggpieRtelRXt RPUsCd1EE 1M, F1d thd reErdlsgi €0 éé%dﬁt:@ and contr ol

synbol s according 5 to the current frame structure on t

at frequency. The

recei ve hh@engaisn 322 3235, F28.jon is ideally identical to the base station
transmt timng. That is, the SOF marker and synbol clock signals should

be exactly lined up between the transmt and receive signals.
since 10 perfect timng synchronizati on cannot be expected f

However,
romt he

subscri ber st Zni dche baseristaAtion khiee egaiven antemnas 1daec¥be tini ng

must match the incom ng synbols fromthe subscriber station. T

his is

requd redasd BASt anf RIAGAY AP ARBXRPTIRYe Aigkance fTom edch RUREF k@i ve

functi id
et N B ovide uncorrelated spatially diverse signals to be

processed by a diversity network. The operation of the

diversity network is transparent to the CCU function and

therefore can be replaced by 2 single modem function at any

10 time that the diversity function is not required.

The base station also includes a spatial diversity

network for each transmit and receive channel pair. Although

the diversity network is not shown, the base station diagram

of Figure 2 is the same as that shown in the subscriber

15 station diagram of Figure 3, which shows the connection of

the diversity network for a single transmit and receive

channel pair. Thus, each transmit and receive channel pair

in the base station actually contains. three demods and one

modem connected to a diversity combiner circuit as shown in

20 Figure 3.
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15 tfie best estinmate 5f t he. synbol being receivegifron1the subscri ber
station. A small elastic buffer in the CCU 18 interfaced wth the nodem 19
receive function conpensates for this slight timng skew. The subscri ber
stations in the overall system 20 synchroni ze their tine references to
the master tinme base in the base station. This synchronization is achieved
thdough a nultiple step procedure whereby the subscriber station 32

initially acquires the base station tine reference thrqough the use of the
RCC messages fﬂsrﬁufn@ebﬁeiwaﬁmhrnﬂ%n&r%aﬂm@ hage itation apd once

the base Ehe: PuRSETiBex. Fearions 4e 1o SHdal St anenayd RXR ber
t he base t A cki ' ' , her
“stati , b,. 30¢ K i b tati ' i m

scour at e, HRoBaTEEE, ERnG BaRE, LR, e EHTATE AV TSR AR 0t he
b tat| lols ty 30T e f3dl f t ) SS|
round-tri 5hgePhy® BEREL oD KN b e drixte P o Yindd WG 70 1 1

in the tragsy synehrioniTedito VR HIR s, At QY dEBleRibdy t he base

station in propér phase in relation to each other.
symbol timing and frame timing.

The base station includes a system timing unit (STIMU)

35 which provides a high accuracy timing reference clock
signal at 80.000 MHz., This 80 MHz reference clock signal is

10 divided down to produce a 16 KHz clock sighal and a 22.222 Hz
{45 msec duration) frame strobe marker signal. All base
station transmit timing is generated from these three
synchronous master references. The 80 MHz clock signal is
used by the modems 19 and the RFUs 21 for accurate IF and RF

15 frequency bases. The 16 KHz clock signal provides the symbol
rate timing for transmissions on all base station
frequencies. The 45 msec marker signal is used to denote the
first symbol in a new frame. This marker is active for a
period of one symbol time (62.5 microseconds, egual to

20 1/16000 Hz). RAll frequency channels in the base station use
the same time reference for transmission. The three timing
signals (80 MHz, 16 KHz and start of frame {SOF) marker) are

provided to each modem 19 in the base station. The modem 19
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The é&sten1tining unit (STIMJ) 35 provides the tiﬁe base 15 for al
transm ssions in the base station. The STIMJ 35 includes a high-accuracy
(3 x 10-9) oveni zed crystal oscillator operating at a fixed frequency of 80

MHz. This basic clock frequency is divided by 5000 in the STIMJ 35 to form

the 16 KHz synbol clock signal and again by 720 to form20 a start of
frame (SOF) marker signal. These three tinme references are buffered and

provi de _ u e i m ng
i (S%éﬁ%re% 4 A, SE5EoBt Tt IOk Ragrid1g epy End BERT 1B Rn N0
KHz syl tit Mé;a&eéﬂdsacéﬁnaéee::duﬁhbﬂﬂtf aRBEreBekoe thaRaelfor the
subscrlber at1on hese signals are identical to those in 5 t he base
station QHM), exeept kBt ah8esdf KhExekoakeSuseal bystheedcys 18heor ecei ve
synbol tlﬂ]ﬂg in the subscriber station. The 16 KHz cl ock signal is used
for transifid ¢neéi €fansmibsibnsefsvoicenandr eoatirblt eymbglsnaticersibhgcri ber
station is provided by a del ayed version of the subscriber 10 station
recgi ve ¢¢ ntlig.cufhentefzamessaruatuziel onatbatt fdeguencyed by the rangi ng
conput ati on performed between the base station and the subscriber station.

1Y
The receive timing in the base station is ideally

identical to the base station transmit timing. That is, the

SOF marker and symbol clock signals should be exactly lined

up between the transmit and receive signals. However, since e

10 perfect timing synchronization cannot be expected from the
subscriber station transmission, the base station modem's 19
receive timing must match the incoming symbols from the
subscriber station. This is required so that the sampling

period in the base station modem 19 receive function provides

15 the best estimate of the symbol being received from the
subscriber station. A small elastic buffer in the CCU 18
interfaced with the mocdem 19 receive function compensates for
this slight timing skew. ‘\/

The subscriber stations in the overall system
20 synchronize their time references to the master time base in
the base station. This synchronization is achieved through a

multiple step procedure whereby the subscriber station




The tim ng reference Azénal for the subscriber stai(Bn I's provided by a
voltade controlled crystal oscillator (VCXO 15 operating at a nom nal 80
MHz frequency. The actual frequency is adjusted by the subscriber station
mdem to be frequency | ocked to the base station timng reference as
received at the subscriber RF unit input. 34 Protocol s The fol |l ow ng
pretocols specify the procedures for systemcontrol, collision avoidance
and call signaling in the system as well as the transmtted frane

structuresnlpiay iy’ Slcfufil ¢ B s s & %@Q Yrignce is
niti ilye
nmade to tﬁe corrpoN{ants of the base station escrmléblg?a ove 1In reoﬁltlon to
_Figure 2, ¢yl gse oifehe ReC héistdigiEs £rivh hd YadesSatatioitz BWilgul | dupl ex
*channels in the 450 MHz spectral region on 25 KHz centers and accommobdat es
10 seveppbcedite! d3c@e3crdbed dllowls per channel. Each full dupl ex
channel consists of a receive and a transnit frequency separated by 5 Miz.
-The | ower frequency of each channel is assigned to the base station for
transm ssion and is called the forward frequency. The higher frequency of
each channel, 0pce @dild smhseriber: stationdus initialdst aegrinead the
subscri ber ) S
5 time reference from the base station, a tracking algorithm in
the demods of the subscriber station modems 30a, 30b, 30c
keeps the subscriber station receive timing accurate. The
subscriber station advances its own transmissions back to the
base station by a small amount of time to offset the
10 transmission round-trip delay due to the subscriber station
ranging. This method results in the transmission from all
subscriber stations being received by the base station in

proper phase in relation to each other.

The system timing unit (STIMU) 35 érovides the time base
15 for all transmissions in the base station. The STIMU 35
includes a high-accuracy (3 x 10-9) ovenized crystal
\% oscillator operating at a fixed frequency of SOIMHz: This
basic clock frequency is divided by 5000 in the STIMU 35 to
form the 16 XHz symbol clock signal and again by 720 to form
20 a start of frame (SOF) marker signal. These three time
references are buffered and provided to each of the base

station modems.
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stati ¢ns for transm ssion. Thus,. the base station tTansmts on the forward

frequency and receives on the reverse frequency. The opposite is true for

t he subscriber stations. The capability of the systemto provide a

spectrally 20 efficient nmethod of transmtting up several voice channel s ™

on a single frequency is primarily dependent on the nodem operation. The

mddem 19 nust operate in such a manner as to 35 provide 3.2 bits/Hz

Fat e, The maedito vtttk BB NR € RSEE, Mot fRobn° YA gLgRegile
bi 1 symbohy GiaRyais Q8o G1aESEIEREL] ) ofs oxy | EyRBY epifl

transnmission, and to reverse the procesS on the receive”side.

for franegliigiald aidl AT @ CdhPilt i 6n PEFARE "REerRYr t BE?SEP £8r ffe

i nterface bétween the CCU 18 and nodem 19 nmay consist of two four-bit

uni di r ect isubdlcrdber stationdS KMrhes®oss¢RaTondyredpdenticatstdOthoséxiand
Rx). In addition, an 8-bit status/control bus provides control information
to the nodhe hase agratiorstSTIMU| rexcepe thaenthe 16cKHE€Ucl8ck Shgnadbdem 19
al so provides the CCU 18 with the nmaster 16 KHz synbol clock signal. In the
base st at iisn useid as kle tegeive ssymbel vbimingninhthensubscriber

station. The 16 KHz clock signal is used for transmit timing
in the base station. Transmit timing in the subscriber

station is provided by a delayed version of the subscriber

10 station receive timing. The delay is a variable amount had

determined by the ranging computation performed between the

base station and the subscriber station.

The timing reference signal for the subscriber station
is provided by a voltage conirolled crystal oscillator (VCXO0)
15 qperating at a nominal 80 MHz frequency. The actual
frequency is adjusted by the subscriber station modem to be
frequency locked to the base station timing reference as

received at the subscriber RF unit input.

34
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15 oscillator in the §ysten1tining unit 35, to mhig;'the entire base
station (and therefore the entire system is synchronized. In the
subpscriber station this clock is derived fromthe incom ng synbols received
from the base station. Therefore, all transmissions are referenced to the
20 time base in the base station. A mgjor function of the subscriber
nodém oper EEP$®C0L®& 0 synchroni ze the | ocal subscriber clock signal to the
base station tinme reference by decoding the timng fromthe received
synbol s. 36 The nmodem transm tter nodul ator section uses an FIR digital

modulate ¢ he. RFTEE AEHIOMARS RERRIGHLS FRRTHEY KRG RFORSGEres f08 Lo
Sonar | o BRes U cons PRI HAOLE O A e 5 RO EL SlofoLias ofs i
aect fon t atdRtel:, S Reif dd R U 00 REGR | SEAELRET TR 0.

0l gt Sed aeioizim fdlehe CUupGldes of QBRI f¥edfentr hEaad ",
processed ky ah® ToNPSHEHES cPERE base station described above in

relation to Figure 2, unless otherwise indicated.

The system uses 20 KRz BW full duplex channels in the
450 MHz spectral region on 25 KHz centers and accommodates
10 several simultaneous conversations per channel. Each full
duplex channel consists of a receive and a transmit frequency
separated by 5 ﬁHz. The lower frequency of each channel is
assigned to the base station for transmission and is called

the forward frequency. The higher frequency of each channel,

Ny
15 called the reverse frequency, is assigned to the subscriber
stations for transmission. Thus, the base station transmits
on the forward frequency and receives on the feverse
Y frequency. The opposite is true for the subscriber stations.

The capability of the system to provide a spectrally
20 efficient method of transmitting up several voice channels on
a single frequency is primarily dependent on the modem

operation. The modem 19 must operate in such a manner as to
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si gnal._ processing unit. This function perfornms filter equalization and
synchroni zati on al gorithnms on the input 15 sanpl es and then denodul at es
the PSK signal to yield the synbol streamat 16 K synbol s/second. The

signal processing unit also functions in a self-training node, which is b
uged to teach the processing unit the inperfections of the analog filters
used in the receive stream Once the signal 20 processing unit is

ol s’ ARSYARECS 2 rbFbattl LEe1ETUAL BhbR oBRRRESRGTIIR AL BRARES 577"
t echni queypdg éhgtu§eh9fxlgigPﬁipggébxa ggﬁﬁr-tolerance anal og

conponents and adds to the ove system a fy to denodul ate weak or
noi sy signals. The nodem denodul ated synbol s are output at the symbol 5
rate to the CCU 18 during the receive function. The nodem 19 provides the

timng associ ke mbéémt PosisyseeliceiveanmeBRahiche tbagonvesiti @heang t he
subscri ber stations derive receive function timng fromthe incom ng

recei ve s2gnélor Ancvecbiitt ayibdldefronpthencetdl8peoi i phaisermotiullatediO

nodem functi ons and perfornmance characteristics is set forth belowin

rel ats on I® ¢agynier28or transmission, and to reverse the process on
the receive side. All control for frame timing and mode
selection is performed by the CCU 18. An interface between
the CCU 18 and modem 19 may consist of two four-bit
unidirectional synchronous (16 K symbols/second) data busses N

10 (Tx and Rx). In addition, an 8-bit status/control bus

provides control information to the modem and reports status
from the modem to the CCU 18. The modem 19 also provides the
CCU 18 with the master 16 KHz'symbol_clock signal. 1In the

base station this clock signal is received from the master

15 oscillator in the system timing unit 35, to which the entire ~
base station (and therefore the entire system) is
synchronized. In the subscriber station this clock is
derived from the incoming symbols received from the base v

station. Therefore, all transmissions are referenced to the
20 time base in the base station. 2 major function of the

subscriber modem operation is to synchronize the local

subscriber clock signal to the base station time reference by

decoding the timing from the received symbols.
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The basic TDM TDVA channel per subscriber offers a tg:al of 16 Kbps in each
direction dedicated to each conversation. O this channel capacity, 1.43
Kbps in each direction are 15 required for control overhead and
denbdul ati on preanbles. The VCU therefore operates at a fixed data rate of
14.57 Kbps. This is equivalent to 328 bits per codec frane period, defined
as 'bei ng one-half of the nodem frane period or 22.5 nsec. 38 To
accommodat e nultiple conversations per channel, each channel is divided
into "slots” via a time division nultiplexing (TDM schene. These slots

specify the sys| n1fr for he | e h of the aysten1frane nsi sts of

‘a5 predeter ﬁ qﬁﬂﬂﬁ%’ eﬂﬁ% ﬁgghuratlon

“has been o d | - \oi t he

acquisiti ogrlé n%g'l sfq;ieréq%tf%rgd yea[lh %’eﬁﬁct%g‘ zral% esea aﬁdttl%'f og;rcgﬁ‘ebur st.

The nunber e Q'EPI’ th

“nmodul ati on- I fa’vgll:’%?% 13'5I QIPSh ﬁ'ﬂé@'&e‘n}t z%nclgn tit%q:' The

modul ati onreguglta®it @3YyidANKIreain @ﬁ@oﬁw)ﬁ%éd“ios ’B«% I PmatO RSt s Of

two slots per frane. By increasing the nodul ati on- evel t he channel, the

nunbersof hiikedotd i IFitrahsid0 deRincdsy B10/120.2 MEz. The signal is
then sent on to the RFU for filtering, further conversion to

RF and amplification prior to transmission.

The modem receiver demodulator section takes in the IF
receive signal from the RFU 21 at the receive IF frequency of
10 20 MBEz. This signal is down-copverted to baseband, then
digitized with an A/D converter function. The resultant
digital samples are processed by a microprocessor-based
signal processing unit. This function performs filter
equalization and synchronization algorithms on the input
15 samples and then demodulates the PSK signal to yield the
symbol stream at 16 K symbois/second. The signal processing
" unit also functions in a self-training mode, which is used to
teach the processing unit the imperfections of the analog
filters used in the receive stream. Once the signal
20 processing unit is trained, the demodulator digital
equalization process compensates the input samples for these

imperfections in the analog filter components. This
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i ncr¢ases and, therefore, the data rate of the channel 15 I ncreases. At
16-1 evel DPSK the systemfrane divides into four slots, each handling the
voi ce data rate for one conversation. It is inportant to note that even at
t he hi gher nodul ation |evels, the nunber of synbol tinmes required for ﬁ{
synchroni zati on remai ns constant. 20 The format of the systen1frane
ehsures that the nodem 19 in the subscriber stations never needs to operate

iPnZ‘)T”HgﬁS% h?ﬁa”??ﬁﬁew% <hit, e L A R 5 S Rl ol

' ' fixed

o Tk e e e i%]?ﬁzij%#?f?e‘f‘sﬁ. astgiends, e
f

cual to SPEBERIARE MK Aot WL 0. “This results in a fixed

720 synbols per frame, nunbered O to 719 fromthe start of the system

frame. These 720 synbols may consist of 1, 2 or 4 bits of 10 I nformati on
each, correspomhiengnddemdincduluted i eymdls  are ovutHup hats cshe Tépmbglt em

frame tinme (45 nsec) is further divided in 2
5 rate to the CCU 18 during the receive function. The modem 19
provides the timing associated with this symbol stream. Both
the base station and the subscriber stations derive receive

function timing from the incoming receive signal.

A more detailed description and specification of the
10 modem functions and performance characteristics is set forth

below in relation to Figure 25.

The basic TDM/TDMA channei per subscriber offers a total
of 16 Kbps in each direction dedicated to each conversation.
Of this channel capacity, 1.43 Kbps in each direction are
15 required for control overhead and demodulation preambles.
The VCU therefore operates at a fixed data rate of 14.57
Kbps. This is eguivalent to 328 bits per codec frame period,
defined as being one-half of the modem frame period or

22.5 msec.
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or 4 tigme division sIoS;? dependi ng on the nndulatigg;fornat for the slots
whi ch conpose the frane. Each slot can be one 15 of three slot types:

(1) radio control channel (RCC), (2) 4-ary voice channel, and (3) 16-ary
vortce channel. The RCC is always transmtted in a binary (2-phase)
nodul ati on node. The RCC and 16-ary voi ce channel slots each require 180
sydbols to transmt, that is, one-fourth of a systemfranme 20 peri od.
Since the 16-ary voice channel transmts 4 bits of information per synbo

(that is 2 = T6 pbesmmpdatecmbtdpileveonverzationst peisehanned] liaich of

I nformati on per frame. 40 This equates to a bit rate of 16 Kbps. Sone of
t hese bitehannelség Aavidedednsoecsdatsinaiaoat timepdipdsdon resulting in a
‘voice bit rate of 14.57 Kbps. The 4-ary voice channel slot requires 360
synbol s tBultiRiexingedTRM)t Schamenal Theses slotise sppcidy thensysaemd.

Each synbgl i his slot _type consists of one of four differential phases,

'so t hat 285?’%‘%] g?EmPFansm‘Ft dengeh ofnftbe eystem SramesyonsAstecofl @ing bit
243 et R ke aFanaRebt obbbe r R bybbets S RACkieng Bt "
ngg?;eib?égaéﬂgﬁnngsFg%ﬁeongﬁ&qghi%Qn@iﬁ%rk%gléhg7v§9 & cBiihly e e
and the number of acquisition symbols required by the modem
19 at the start of each burst. The number of slots within
the system frame is dependent on the modulation-levél of the
10 channel. For instance, if the modulation-level of the
channel is QPSK, then the system frame consists of two slots
per frame. By increasing the modulation-level of the
channel, the number of bits of information encoded per symbol
increases and, therefore, the data ;até of the channel
15 increases. At l6-level DPSK the system frame-divides into
four slots, each handling the voice data rate for one
conversation. It is important to note that even at the

higher modulation levels, the number of symbol timeé

" required for modem synchronization remains constant.
20 The format of the system frame ensures that the modem 19

in the subscriber stations never needs to operate in a

full-duplex manner (i.e., transmitting and receiving at the
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L N
type. The system franme on any given frequency channel nmay be conposed of
any conbi nation of these three slot types within 15 the following five
constraints: 1. A maxi mum nunber (720) of synbols are transmtted each
system frane. Conbi nations of the three slot types may be conbi ned on a
gi.ven frequency to acconplish this. In the event that not all channel
capacity is filled in 20 base station frane transm ssion (i.e.,
fewer thagam@Otimedql s Banece!,r ahenisliots ion ale aejerse lamy forwarde 41
inserted to fill the 720-synbol franme capacity. A null synbol is a synbol
whi ch hasfrequengiest age offset in tirenby ate Yeastucong siot time.
mul ti-frequency base station includes a RCC slot type. Only one RCC is
operable at 5 any given tine in the entire system The frequency on

whi ch the RCC gperates is set by a systeminitialization paranmeter and is
changed onl y gﬁ sasten ffame fath é*’rﬁe systeeks (Hixed 1ah 45 msegnin

Cyet om f r ARESERERor o ROl Frarbisg fhn Fane, 8, £ HHed AN Voay oper ate
in a fonsgggbols/second. Each symbol is transmitted for an equal
amount of time, equai to 1/16000th of a second (62.5
microseconds). This results in a fixed 720 symbols per
frame, numbeted O.to 719 from the start of the system frame.
These 720 symbols may consist of 1, 2 or.4 bits of ,
10 information eéch, corresponding to modulation rates of 2, 4

or 16 phases.

The system frame time (45 msec) is further divided in 2
or 4 time division slots, depending on the modulation format
for the slots which compose the frame. Each slot can be one ~

15 of three slot types: (1) radio control channel (RCC), (2)
4-ary voice channel, and (3) l6é-ary voice channel. The RCC
is always transmitted in a binéry (2-phase) modulation mode.
The RCC and l6-ary voice channel slots each require 180
symbols to transmit, that is, one-fourth of a system frame

20 period- Since the lé-ary voice channel transmits 4 bits of
information per symbol (that is 24 = 16 phases), the 1l6-ary

voice channel transmits 720 bits of information per frame.
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transnissi on node. Th;E;ubscriber station transnitséghring no nore than
one-half of the total frame tine. The subscriber station, when carrying one
conversation, 15 transmts only during 25% of the frame when
opefating in the RCC or 16-ary voi ce channel node. The subscriber station
will transmt during 50% of the frane when operating in the 4-ary voice
chdnnel node. A subscriber station can only transmt in one slot during any
gi ven 20 frame when carryi ng one conversation. 42 4. Al 4-ary
voi ce charfihilss eguates to a rbit wate opfoké skbpei nSomerof thegeobitthat i s,
either the first half or the second half _of a frame may contain a 4-ary

voi ce charftk® used for modemovezhead and gentrol PUrRRses antesulting

“frequencies are assigned so tha e_rLeverse nessage of giyen s]ot begins
transm ssiddh &P 13 %ﬁ'?%r°% htpﬁgn@’ri’%i oFD®f Tﬁ%l'f%‘i’{ﬁ?ocﬂ%ﬁ%%ncy

[eesase. TG RGOS 168 SSETATED ELRhRRT ! S L S S FRRRE oH, 0
forwagd fraqeiifdred ¥£iind SeF1 885! "&b CBsmBE1 | on  OKLs VEIGE £ghLS can De
consists of one of four differential phases, so that 2 bits
are transmitted per symbol (2 = 4 phases). The resulting bit
rate is 16 Kbps, the same as for the l6-ary voice channel.
The same number of bits (not symbols) are reserved for modem
10 overhead and control purposes, so that the voice informaticn

rate is 14.57 Kbps, as it is in the l6-ary voice channel slot

type.

The system frame on any given frequency channel may be

composed of any combination of these three slot types within

\/
15 the following five constraints:
1. A maximum number (720) of symbols are transmitted each
\_/ system frame. Combinations of the three slot types may

be combined on a given frequency to accomplish this. 1In
the event that not all channel capacity is filled in
20 base station frame transmission (i.e., fewer than 720

symbols are transmitted in a frame) null symbols are

41



processed on a single‘;}equency, i f all four calls<:;nsist of the 16-ary

voi ce channel fornmat when operating within 14.4 15 Kbps codecs. The slots
within the systemframe are nunbered by position in the frane structure.

The nunbering system need not be contiguous. \Wien one or nore of the slots ™
in the frame consist .of a 4-ary voice channel slot type, the 20 nunberi ng
systemw || skip" over the second slot period that is included in the

| onger 4-ary s]ot. sl o nberl ystem for the reverse
frequency (i . (9“3%51 r?%ek}gir§h§n1gg ﬂ@bpi iF&@geFé@ @'mﬁﬂﬂering
of the base statlo orward gquency).,.transm ssi on efore
subscrlbertﬂuﬁy?% Sa |ﬁ¥8;ﬁ§ F§g°§ hgfoP ZtEPanét; %; ‘frequency
transmts on slot 2 on the reverse frequency, which is half a frame offset
in time. Tables 1 through 5 illustrate possible frame formats and the

nunberingy assqs P €Gnd EPegielcy Ih a*fhulti-frequency base station

includes a RCC slot type. Only one RCC is operable at
5 any given time in the entire system. The frequency on
which the RCC operates is set by a system initialization
parameter and is changed only when that frequency
channel becomes unavailable for any reason. The RCC
slot is always assigned to the first 180 symbols of the ~

10 . system frame (denoted as Slot 0).

3. A base station frequency may operate in a constant
transmission mode. The subscriber station transmits

during no more than one-half of the total frame time.

The subscriber station, when carrying one conversation, ~
15 transmits ohly during 25% of the frame when operating in

the RCC or l6-ary voice channel mode. The subscriber

station will transmit during 50%-pf the frame when N,

operating in the 4~ary voice channel mode. A subscriber
station can only transmit in one slot during any given

20 frame when carrying one conversation.
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Tabl e I Radio Control Cg;%nel Structure: BPSK Formargjzhannelz <

-------- Systemfrane - 45 s --------->15 <-11.25-> <-11.25->

<- 11 25-> [err]<-11.25-> ns O 2 3 T Sl ot no.
188~ 180 No. of synmbols BPSK 16- PSK
Modul ati on type AM HOLE FILTER BIT SYNC RCP Function 10

STARTUP PATTERN 46 112 No. of Synbols Reverse Channel: <-11.25->
<-11.25-> <-11.25-> <-11.25-> s 2 3 0 1 Sl ot

no. 15 4. All 4-ary voice charféls must Bdgin tfﬁhsﬂis§¥GWQ$§ BPSK
16- PSK Modul ation type RANGE 1 FI LTER SYNC RANGE 2

Functi on STARTURynDSITERMDE:t 0 or 363. That 1£9 eithe® thelﬁﬂrst haBe XX
"No. of 20 = 0/1/2/ 3 45 Table 2

or the second half of a frame may contain a 4-ary voice

channel.

5 5. Transmissions between the forward and reverse
frequencies are assigned so that the reverse message of
given slot begins transmission 180 symbols after the
transmission of the forward frequency message. This
precludes the subscriber station from the regquirement to

10 transmit on the reverse frequency while simultaneously

receiving on the forward freguency.

Given these restrictions up to four voice calls can be
s processed on a single frequency, if all four calls consist of
the 16-ary voice channel format when operating within 14.4

15 Kbps codecs.

\,/ The slots within the system frame are numbered by
position in the frame structure. The numbering system need
not be contiguous. When one or more of the slots in the
frame consist of a 4-ary voice channel slot type, the

20 numbering system will "skip" over the second slot period that

is included in the longer 4-ary slot. The slot numbering
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4-ar% Voi ce Channel Frame Structure Forward Channel: <---------- System

frame - 45 m ---------- >1 5 <--m- - 22.5m  ------ 22.5 s
----- n> 0 2 Sl ot no. 360

360 No. of synbols FILTER BIT SYNC CODE WORDS VCF O VCF~
1 Function STARTUP PATTERN 10 8 18 6

164 164 No. of synbols Reverse Channel: < ------ 22.5 m ----- >[err]

360 ‘Zigséegsﬁgi-%?e Q'r"rt‘)'g s”lfreq“el?lcE'Téli""Z'Blﬁf’bgﬁ\fé‘be’élo%tE b Vggo VCF

FU.”CE):C 02?/ rgﬁﬁqggioné@gl stggger%om @Rhe nbmbering of the basé4 164

station (forward frequency) transmzssxon. Therefore, a
subscriber that receives information on slot 2 of the forward
5 frequency transmits on slot 2 on the reverse frequency, which
is half a frame offset in time. Tables 1 through S
illustrate possible frame formats and the humbering

associated with each slot.
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16- ary (Voi ce Channel FWQ;; Structure Forward Channel(r}err]< --------

System
frame - 45 nmp-------- >1 5 <-11.25->[err]<-11. 25->
[err]<-11.25->[err]<-11.25-> ms O 1 2 3
Sl bt no. 180 180 180 No. of synbols FILTER BI T SYNC
CCDF WORDS VCF 0 VCF 1 Functi on STARTUP PATTERN 10
8 1 5 3 82 82
No. of synbols Reverse Channel:
<-11.25->[err]<-11. 25->[err] <- 11. 25- >Mablle<111. 25-> ns 2 3
0 1 Sl ot Radiol€ontrol Chamnel Strutdmire: BPSKLE0 No. of
synbol s 15 FILTER STARTUP BIT SYNC ., CODE VCF VCF  Function AGC
"WORDS ForwardjChannel: 5 3 82 82 No. of
synbcl s 47 Tabl e 4 M xed Modul ati on Frane Structure -2/ 16- PSK and 4- PSK
Forward Chhfmar-----System frame = 45 ms------ -==>|

5 <-11.25->|<=11.25->|<~11.25->}<=11.25->| ms
TTOTTITTITTITTZTT|IT T3 T T s1ot no.
180 180 No. of symbols
BPSK | T6-PSK Modulation type
N
AM BOLE T FILTER 7| BIT SYNC | RCP | Function
10 STARTUP PATTERN
8 8 46 ~112 | No. of Symbols
Reverse Channel:
Y <=11.25=->1¢€-11,25->{<€=11,25->|<~11.25->] ms
T2 T TITTITT O 7T T T T 7] s1ot no.
15 180 —T80 No. of symbols
BPSK 16-PSK Modulation type
N
Function
No. of
symbols
20 = 0/1/2/3

45



[err] (< ---------- Systemframe - 45 g ---------- >1§5 <- 11.25 ->
[err]<- 11.25 -> ------ 22.5 ------ > me. O 1 2
Sl ot no. 2/16-PSK 16- PSK 4- PSK Modul ation type 180
180 360 No. of synbols Reverse Channel: 10 < ---
245 ---- > <-11.25-> <-11.25 -> B 2 0 1
Sl ot no. 4-PSK 2/16-PSK  16-PSK  Mbdul ati on type 360
180 180 No. of synbols Fogapehp sl ot synbol description refer
to Figure 2-1 15 thr gqug Mﬂﬂét‘bﬁinﬁgﬁ r,gigngtghé¢a§@ Modul ati ons
4- PSK and 16- PSK Forward annel : <--------22.5 -------- >lerr]<- 11.25
->[err] <-rédiwd®d CThaimel: . 3
Sl ot no. Z-PSK 16- PSK Modul ation type 360
180 |¢~288~-==---Systein framd = 45 ms ~~-ecee-e=>]
S |reemea22.5 m§ cceced|Cecmana22,.5 ms come=d]
0 2 | Slot no.
360 . 360 No. of
: symbols
[ VCF 0 | VCF 1 | Function
10 164 164 No. of
symbols
Reverse Channel:
[€¢======22.5 m§ ~~=e- >[€emmme=22.5 Mg ==v-- >|
0 2 . Slot no.
360 360 No. of
_ ' symbols
15 FILTER BIT SYNC | CODE | VCF | VCF | Functions

STARTUP AGC

e — —

8 18

6 164 164 No. of
' symbols
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Rever sgf Channel : <- 11.£§#-> <- 11.25-->[err]<------- - 22.5------- > nms 10
2 ' 3 0 Sl ot no. 16-PSK 16- PSK
4- PSK Modul ation type 180 180 360

No—~of Referring to Table 3, the structure of the 180 symbol 16-ary voice
channel slot type is described. The first 8 15 synbols of this slot type
aretlreferred to as filter startup bits. The filter startup period, which is
i ncluded at the begi nning of every slot type, is a tine in which no energy
is transmitted, giving the receive secTableoB the nodem 19 tinme to purge
its filters in preparati d3A=-p5¥ VadcecGhanpel Frame Strueturewi ng the filter
startup is bit gy eriod. During this tinme, a degenerated 16-ary
pattern is fégﬁéﬁétggagﬂﬁiéh sinmul ates an alternating BPSK signal. The
receive 49 , _sectiongof the nnden113 uses this field to establish the
phase referbhice of T heY bFaRsAFRRE =s 85 PSF-5r~rme-tddem 19. Next, a twel ve

‘bit code mn'g?if.ﬂggg!gggﬁgéngngglg¥g§E?igiighégn het ween the subscri ber

ang

SP4t B8 i nformation. Code
cg&ggc%%on, i nk

r

and base sthtion and
words are u

exc

quality
No. of symbols
N I —
VCF 0 VCF 1 Function
10 B ) 82 | No. of
symbols
Reverse Channel:
<-11.25->[<-11.25->|<-11.25->|<-11.25-> ms
\J — _— :
2 3 0 1 Slot no.
180 180 180 180 No. of symbols
N — —
is5 FILTER STARTUP BIT SYNC CODE VCF ’ VCF | Function
AGC WORDS 0 1
] 5 ~ 3 |T 82 |T BZ | No. of
symbcls
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and ppwer and tinmng gz;ustnents. Each control mor§f:s encoded into ten

bits using a Hammi ng code, which allows single error correction and doubl e

error detection. The CCU 10 18 determ nes the gain and | oss of -

synchroni zation by tracking the nunber of consecutive code words received

cRrrectIy or incorrectly; and the CCU 18 passes synchroni zati on changes to
e RPU 20 in the base station. In the subscri ber station, the CCU 29

passes synchroni zation 15 changes he STU 27. The Hamm ng code adds

Each pari ty nitired MpHEIREREnOPrhbe getunRired RUARSERC A5 788 5 1

p05|t|on%§§$$§i_ gﬁgnﬁgge wor d mhlch contain the bit 20 represent ed by
t

t he pari he code word is sent with all data bits
conti guoupe. LoLLoued-DeygtbmParaie & 43 may ALangiag.djhe parity bits in
positions within the wor th just one bit on (t'he position
repragsent peby11ds bb k-amd_nsacbr g.t.b.e..d.atz@ JB teseddid e p@t her positions,
t he code fan be visuallized as fol ljows: bit position: 2 3 4 5 6
7 8 971050 LCE PT P2 201 P3 D2 | Blothho.P4 D5 P5.
2/16-PSK | 16-PSK | 1-PSK | Modulation type
180 180 ' 360 No. of symbols
Reverse Channel: Y,
10 P S P} IS ——— >]<¢-11.25->[<-11.25 =>| ms.
~2 ' 0 1 Slot no.
4-PSK —|"3718-P8K | 16-PSK Modulation type
360 180 180 | No. of
symbols
For each slot symbol description refer to Figure 2-1
15 through Figure 6-3. ' e
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= parity bit D = datg)it Pl - D + D2 + D4 +D5 Pgl D1 + D3 + D4 10
P3 = D2 + D3 + D4 P4 = D5 P5 - overall Wen a code word is received, parity
bits are calculated fromthe received data bits and conpared with the
reeei ved 15 parity bits. If the calculated overall parity bit is
di f.f er ent fron1the received overall bit, then the calculated parity bit is
exdl usive-or'd with the received bits to indicate the address of the bit in
error. If the calculated and received overall bits are the sanme and the
ot her four 51 bits are not, two errebleh8ive been detected. If all parity
bits are the sane, the dMizmedzModelatienei ¢cESKoandcléyPSKhe renuni nder of
the slot contains two voice codec packets containing 328 bits of
“informati Gomeedd Ghannel: Table 2 shows the synbol structure for the 4-ary

voi ce channel. The structure is very simlar to that of the 16-ary voice
‘channel . OifereTres2ex st-perans? éeri&pa-"ar? pEat 4bng> ->| ms
5 0 2 3 Slot no.
4-PSK 16-PSK | 16-PSK | Modulation type
360 180 180 No. of
symbols
Reverse Channel:
<= 11.25 =>|<= 11.25 =>|(K=mmcecenc 22 5ccceccca- >] ms
\/, T B
10 2 3 0 Slot no.
16~-PSK 16~-PSK 4-PS Modulation type
180 180 360 No. of
. symbols
Referring to Table 3, the stzucture of the 180 §ymbol
" 16-ary voice channel slot type is described. The first 8

15 symbols of this slot type are referred to as filter étartup
bits. The filter startup period, which is included at the
beginning of every slot type, is a time in which no energy is

N transmitted, giving the receive section of the modem 19 time

to purge its filters in preparation for the new slot:

20 Following the filter startup is a bit sync period.
During this time, a degenerated l6-ary pattern is transmitted
which simulates an alternating BPSK signal. The receive
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N L

of syrbols are dependent on a fixed nunbér of syan;: required per slot for
over head purposes, where other bit 10 all ocations are nmade on a fixed
nunber of bits. The radio control channel (RCC) serves a dual purpose of
providing a basis for the subscriber stations to initially acquire the A
sygptemtinmng fromthe base station and to provide out-of-band signalling
bet ween the base station and 15 t he subscriber stations. The format of
the radio control channel slot is the same for the forward and reverse
channel seetdem dHrtheanddem ol® gséscthis fieldi totestgblishnbtbes of a
control slot transmtted by the base station (the forward channel) 20

cont ai nPhaseame fexencennf) the chrangmitper eectionhefhthe modem 19perjiod in
which no energy is transmtted. This gap is used by the subscriber stations
to uni quely identify the control channel. At the beginning and end of the

h trol sl ot h £ t der t
ﬁﬁﬁ?cm“%ﬁﬁﬁ%ﬁ$% SofleckPed, L1 uBtE EocaRFRBEnE T in i 16

timng S h y I
tr aneni SYTETERR LTI bevusdh tie PRbELR1ERE ChadVBRSE 8RB, 122 bR e
5 exchange control and status information. Code words are used
to exchange the current state of the connection, link quality
and power and timing adjustments. Each control word is

encoded into ten bits using a Hamming code, which allows

single error correction and double error detection. The CCU
10 18 determines the gain and loss of synchronization by

tracking the number of consecutive code words received

correctly or incorrectly; and the CCU 18 passes

synchronization changes to the RPU 20 in the base station.

In the subscriber station, the CCU 29 passes synchronization <
15 changes fo.the STU 27.

The Hamming code adds five parity bits to five bits of
information to produce a ten bit code. Each parity bit is o/

calculated by doing a modulo-two addigion of all bits in
positions within the code word which contain the bit

20 represented by the parity bit. Though the code weord is sent
with all data bits contigquous, followed by all parity bits,

by arranging the parity bits in positions within the word

50
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its regeive filters in'order to prepare for the neA:;Iot. 10 The next
field of the slot is a fixed-bit sync pattern. The pattern transmtted is
an alternating BPSK signal. The receive nodemuses this field to establish
a phase reference and frequency lock to the transmitting nodem The CCU 18
constantly searches for a unique word (UW 15 which is an eight-synbol
sequence, in order to identify an incom ng RCC nessage. The base station
CCU 18 nust exhaustively check for a valid RCC message in every RCC slot.

| t perforwithhﬁBStagnebgiscennﬂﬁgﬁfDpsﬁﬁéonnrq@g A by thedditdt +3

synbol s about the nom nal UWI ocatiqgn, based 20 - upon master system
timng. oné BlaFingather Aatd bits; in,the Pﬁ@el%uﬂ"r%tqewsposé’ﬁ &9dend
‘'shifts one synbol right and |left yntil it (1) finds the UWpattern and (2)
verifies GaBoPec¥isydlizegoas o %° The search terninates as soon as (1)

and (2) are satisfied or all possibilities have been exhausted. The shift
“informati on, RCC nessage and power information are sent to the RPU 20

following a Sugi‘isﬁfo\éliti‘é?{-(:h'l 5 5 3 The supscrg bery stgtiog Cgg 29, when
recei ving RCC data, can be in one of two nodes: frame search or nonitor.

The frame search.guded.s.used o acqudeJecsi e Jrank Jddidif eeee-

5 info: Pl P2 D1 P3 D2 D3 D4 P4 D3 PS5

P = parity bit

D = data bit

Pl = D1 + D2 + D4 +D5

P2 = D1 + D3 + D4

10 P3 D2 + D3 + D4
P4 = D5

P5 = overall

When a code word is received, parity bits are calculated
NG from the received data bits and compared with the received
15 parity bits. 1I1f ﬁhe calculated overall parity bit is
different from the received overall bit, then the calculated
parity bit-is exclusive-or'd with the received bits to
indicate the address of the bit in error. 1If the calculated

and received overall bits are'the same and the other four
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fron1(he I ncom ng RCC data and is invoked automatically when CC sync is

| ost. The nonitor node is entered whenever 10 receive frane
synchroni zati on has been acquired. Wien in the frame search node, the
subscri ber station CCU 29 nust exhaustively check for a valid RCC nessage e
I redi ately after an RCC slot is received at the subscriber station. Like
the base station CCU 18, it 29 perforns this task by 15 scanning for the

uni que Wop gt & Nafe"hBEOVERb #2rorEdNaveddeen detetdudal MNJJ%C dr3'ty based
upon timng derived from nodem AM hol e detection. "The searc | gor "t hm

starts wipitshgraogheabane,Pehiel datarNass bders reteiswd dorredilynd | ef t
until it (1) finds the UWpattern and (2) -verifies a correct checksum
20 The search term nates as soon as (1) and (2) are satisfied or al
possibilities have been exhausted. The shift information froma successful
search i s usedThe zémaindeireodfChgesdott adrtains rtaweived der moder nar ker s.
Acqui sition term nates when (1) and (2) above are satisfied for three
consecut i pecketgesonteining B8 Pits afodinfarmatdion @achthe STU 27 is
informed of fram ng acquisition when it occurs. RCC nmessages .are not
forwarded 5 to the STU 27 during the franme search node. Wen fram ng

acquissi tion | srggigmal is%p:%%’ t bae ssu Sc: risQerr\:lc:tuz:_e for the 4-ary voice
channel. The structure is very similar to that of the l6-ary
voice channel. Differences exist because certain allocations
of symbols are dependent on a fixed number of symbols e
required per slot for overhead purposes, where other bit

10 allocations are made on a fixed number of bits.

The radio control channel (RCC) serves a dual purpose of

providing a basis for the subscriber stations to initially

o/
acquire the system timing from the base station and to
provide out-of-band signalling between the base station and
15 the subscriber stations.
«/

The format of the radio control channel slot is the same
for the forward and reverse'channels.except for the following
fields. The first eight symbols of a control slot
transmitted by the base station (the forward channel)

20 contains an amplitude modulation gap ("AM Hole") which is a
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statiof CCU 29 enters tthe nonitor node. Only the noxigal UWposition is
checked to avoid the possibility of false UWacquisitions. If no UWis
detected for five consecutive 10 frames then the channel is declared out
of “sync and frame search node is entered (this transition should be very
unlékely or system performance is unacceptable). The STU 27 is infornmed of
this out-of-sync condition. During the nonitor nbde, RCC nessages that have
a correct checksum and 15 subscri ber 1D nunber ésﬂ are passed on to the
STU 27. TRerieg: igr whichng enexgw s txsnsmitred f Fhvbs i gap bks wmsed t he
base statb&ntggg t he subscriber stations.  The data section consists of

S.

twel ve by er srations ko maiauely ddentifyithe sontrokh

‘passes inf

t ding, th t t.h t | 1isjon,
det ecti oncg‘rﬁg‘anlelé‘ggré\%t i%e%a#%rf%%g ge’?‘f ‘%eﬂbﬁers ‘Z%reg]? ‘t%ﬁ%mﬁiq(lznl evel
t | t t di trol _ch . Th
Pl i b ot SR Ts #1ele IR Wnd B MY oo fPAS £F"Sier R ey

el ot S0l Ves cor A ool ey
ot et ed Toan Hie, AR SHAD ehe oo hoer Widtiond Rl B off AEHES! O
stati on CeYming by a few symbols.

All glots contain eight symbols of "null" transmission,
the filter startup field, which enables the modem to purge
its receive filters in order to prepare for the new slot.

10 The next field of the slot is a fixed-bit sync pattern. The
pattern transmitted is an alternating BPSK signal. The.
receive modem uses this field to establish a phase reference

and frequency lock to the transmitting modem.

The CCU 18 constanﬁly searches for a unique word (W),
15 whiéh is an eight-symbol sequence, in order to identify an
incoming RCC message. The base station CCU 18 must
\ exhaustively check for a valid RCC message in every RCC slot.
It performs this task by scanning for the unique word in a
window of.iB symbols about the nominal UW location, based
20 upon master system timing. The search algorithm starts with
the nominal UW position and shifts one symbol right and left

until it (1) finds the UW pattern and (2) verifies a correct
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18 an& read by the subscriber station CCU 29. The igg; transm ssion bit is
set by the base station to indicate that an idl e nessage has been

ed. Wien a 10 subscriber unit receives a slot with this bit set,
nms the usual synchronization and error checks, but does not pass ~

thp nmessage on to the respective RPU 20 or STU 27 if the nessage was

are all ocated and no.new cal Lt aauest s shoutd be ety erpred (Tor
BE ?f:}wmﬁ%mm Vet iR af oD A% 1 FLLIRAG <o or
2)anes sAP R SERH oofeit i iles Fote bediethihitoar O
el SRR (el 6n | NCE e £00YE UndTBO0EL 1dRormation are

e o e e ovi ng. t he. dat a
The subscriber station CCU 29, when receiving RCC data,

can be in one of two modes: frame search or monitor. The

frame search mode is used to acquire receive frame timing

from the incoming RCC data and is invoked automatically when

RCC sync is lost. The monitor mode is entered whenever ;\/

receive frame synchronization has been acquired.

When in the frame search mode, the subscriber station
CCU 29 must exhaustively check for a valid RCC message
immediately after an RCC slot is received at the subscriber
station. Like the base station CCU 18, it 29 performs this task by
scanning for the unigue word in a window of #3 symbols about the
nominal UW location, based upon timing derived from modem AM
hole detection. The search algorithm starts with the nominal
UW position and shifts one symbol right and left until it (1)
finds the UW pattern and (2) verifies a correct RCC checksum.
The search terminates as soon as (1) and (2) are satisfied or
all possibilities have been exhausted. The shift information

from a successful search is used to adjust the CCU generated
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redundancy check (CRC) bver the unique word and datésgections 10 of the

slot. The CRC is used to detect errors that occur during the transm ssion
of the RCC nmessages. The CRC al gorithminvol ves the division of a bl ock of
datd by a predefined bit sequence and the transmi ssion of the remai nder of
that division as a part of the data bl ock. The pol ynom al 15 to generate
the CRCis the formof: P(x) - 1 + x5 + X12 + X16 (Eq.
1) If the CRC does verify check on a nessage received, the nessage i s not

passed frofedédpvECErdRihg hALKEDE, 21aeeuibftbaﬁetémihaees%gx E&h’ 29
to the STU 27 in the 20 subscri ber station When scn

station fi(3X sbowesarp sstispied pér|gﬂ?eeté@a§éé§€i?é9fr£ﬁé§|Qﬂtﬂuéhe,
‘acquire systemtimng and synchronization referenced fromthe base station.

This acquiWtimnits nohimakdpositionnsnThei SPU2Thisginformeédeod framihg
control channel (RCC) and a refinenent on the voice channel. The events
"t hat | ead acawisitieacwheniitopcoursas ROCImessades avécmopofierwasdédr st

applied at_the subscriber station, the systeminitializes and the
subscri bertQt 8¢ oRTE /7 28uring the frame search mode.

When framing acquisition is accomplished, the subscriber
station CCU 29 enters the monitor mode. Only the néminal ow
position is checked to avoid the possibility of false UW
acquisitions. If no UW is detected for five consecutive

10 frames then the channel is declared out of sync and frame
search mode is entered (this transition should be very
unlikely or system performance is unacceptable). The STU 27 i;
informed of this out-of-sync condition. During the monitor

- mode, RCC messages that have a correct checksum and

15 subscriber ID number (SIN) are passed on to the STU 27.

The rest of the slot is used to exchange information
N between the base station and the subscriber stations. The
data section consists of twelve bytes. The first eight bits
of data contain a link field which passes information
20 regarding the status of the system, collision, detection and

reservation information.
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10 ' gives a series of conmmands to the denods of the subscriber

station nodens 30a, 30b, 30c which lead to the RCC acquisition. 2. The
denod of each each nbdem 30a, 30b, 30c is first placed in its training _
node. During this tinme, the 15 nodemtrains its receiver digital o/
filters for the characteristics of the receive analog filters. The anal og
filters may degrade due to tine and tenperature fluctuations. Each nodem

aut omat i cal |y gl usiPpbsé Ofothe! 18hk! teve2ehibebels iguUitbN@elth@ ! M ai ni ng
node to 20 conpensate for these degradations. After the CCU 29

recei ves dfroriddis méspagéscorictndsradisogontrddachatnell8 The( 130k t hat
the training sequence is conplete, the CCU sets the receive frequency to

t he def aiptotisd] relisencrgsolvesCéonteanionsnandthehRCCo@gdti.o acquire the
RCC frequency and to search for the RCC s characteristic anpl.itude 5
nodul ati on "gap", referred to as the AMhole. The AMhole is a period, 16

synbol s in duration, when no gnergy-is_[ransnitted du[an th begi nni ng of
RCC transni ssiBheflsnkt htebdsinsingpsn "idle SrADEMAERASM it CEYSILEM t ypes

5 busy", 'collision‘, transmission detected”, and "slot
reservation®” bits. These bits are set by the base station CCU

18 and read by the subscriber station CCU 289,

The idle transmission bit is set by the base station to W
indicate that an idle message has been transmitted. When a
10 subscriber uﬁit receives a slot with thié bit set, it
performs the usual synchronization and error cheéks, but does
not pass the message on to the respective RPU 20 or STU 27 if

the message was received without error.

o
The system busy bit indicates that all the voice
15 channels are allocated and no new call requests should be
attempted (for some fixed time).
' -/

The collision bit resolves contentions involving two or
more subscriber stations attempting to transmit in the same

control slot.
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involv%_only an eight symbol "null" transm ssion. nghlo extra eight
synbols of null information at the start of a slot burst uniquely identify
t hat burst as the RCC. 3. The first action of the denods of nodens 30a,
30b; 30c is to performa coarse frequency acquisition. The received signal
iS(processed in a digital 15 phase-1| ock-1 oop and the subscriber VCXO
I s adjusted to the base station's transmt frequency. After frequency

isition, t dem begi ns t h,for. the. AM hol e, The pod h
For o Sequance THE SyTABPRERFLon SEEREERA RbtoADRAFAES WhaR thP<BSRucnce

Strobe o IR NFE dptent PR ExRe b ¥ ERn, RSP EFVERE KBoRipRol ¢
“sequence IS fdeiefted, the modemreturns status to the CCU that the RCC
acqui sition was 59 unsuccessful. The CCU then begins to search out

alternate RCC frequencies in the same manner. 4. After AM hol e detection
“t he denpbds of nodens 30a, 30b, 30c performrefined frequency acquisition

and initial 5 The slbttréyefvationt Beet feserbesl thet nektsuabel dnothehe RCC
control slot are a fixed bit sync pattern used by the

5 reverse control channel.

The remainder of the data section is used for addressing
and exchanging information during call set up and teardown
procedures. Following the data section is a 16 bit cyclic
redundancy check (CRC) over the unigue word and data sections

10 of the slot. The CRC is used to detect errors that occur
during the transmission of the RCC messages. The CRC
algorithm involves the division of a block of data by a
predefined bit éequence and the transmission of the remaindér
of that division as a part of the data block. The polynomial

15 to generate the CRC is the form of:
P(x) =1 + xs + x12 4 x16 (Egq. 1)
If the CRC does verify check on a message received, the
message is not passed from the CCU 18 to the RPU 21 in the

base station, or by the CCU 29 to the STU 27 in the

20 subscriber station.
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nDden1QO | ock onto the base station's phase (bit tisf;g). At this point the
RX clock at the subscriber station is useful as a synbol clock. 10 5.

The subscriber station CCU 29 has received a coarse synbol timng

adj ustnent via the AM strobe fromthe modem After frequency acquisition =
andl bit sync the CCU exam nes data received by the nodem and searches for

the RCC unique word. This unique word gives the absolute 15 synbol
count reference for the frane. The CCU then adjusts its synmbol counters to
align the counters to this reference. "The subscriber station is now

al i gned and | ogath G dullfk KXY (¥4 Ollor ' AFER Pbwerd Vah Cdba! Ebjids (ot h

frequency and synbol tim ng) . The renmal ning portion of system

timng acgdi-3iinhegn the suu&ﬁmaﬂeétsfwbﬁaﬁm%?nb@tw%eﬁhemaﬁ and

subscri ber stations. This delay can range fromO to 1.2 synbol tinmes (one

way) in thaedseyneNrdnization g fersiced, fidit chobasdcstatbbhon BRigs a
nessage to the base 5 station over the RCC 7. ‘The base station

nodem 19 asgalisd\ts ore diec lAghyi éved neda sthansmies tohuexchanges. ofhtke bursts
can be del ayed
5 radio control channel (RCC) and a refinement on the voice
channel. The events that lead to system acgquisition are as

follows:

1. When power is first applied at the subscriber étation, o
the system initializes and the subscriber station CCU 29
10 gives a series of commands to thg demods of the
subscriber station modems 30a, 30b, 30c which lead to

the RCC acquisition.

2. The demod of each each modem 30a, 30b, 30c is first ~
placed in its training mode. During this time, the
15 modem trains its receiver digital filters for the
characteristics of the receive analog filters. The U

analog filters may degrade due to time and temperature

fluctuations. Each modem automatically adﬁusts its

digital filter coefficients during the training mode to
20 compensate for these degradations. After the CCU 29

receives the status from the demods of modems 30a, 30b,
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fron1b to 3 synbol ti#gg fromthe base station master reference start of
frame. During each slot, the denbds 10 of the base station nodens
30a, 30b, 30c search for a transm ssion on the reverse RCC slot. Al timng
and phase information nmust be derived during the first part of the slot
(qreanble) else the slot and its information is lost. There are no second

chances when receiving 15 I nbound control slots. The inbound
contr ol m(ﬂssiﬁé recei ved gursuant to Al oha gueueing schene on _the RCC
which is descritRdthat therbTadning seqyence i ropplete  the: CCULBetBad

l,Sition.,8. Dur i h sl h ' d 9
perorms 20 ene'refeive seabunhiy Fe the HeERRLE, AFRgLESEPRRFYOn BOFI ng
the first 60 f t pp.IN i ' '
adi ust ed to coBneird romiaRal tne BohBHCHS aPaEL LR sheCREC EPREuGRPE)
Th I ved ' ' ] ' CCU 18
- detects the | oad; 3 SPEPCRCO¥TEEE RecP B cHgzackRTipiTc b Ttaddl he
i nteger range gisaaYabeoicegaptsereferred t8! 8kl ehe@Alt hBgeSUDPRE! AR

station. The nodem 19 delivers AGC information to the CCU 18 for the
hole is a period, 16 symbols in duration, when no energy
is transmitted during'the beginning of RCC transmission
from the base station. All other transmitted slot-types
involve only an eight symbol "null® transmission. The

10 extra eight symbols of null information at the start of

a slot burst uniquely identify that burst as the RCC.

3. The first action of the demods of modems 30a, 30b, 30c
is to perform a coarse frequency acquisition. The -
w received signal is processed in a digital
15 phase-lock-loop and the subscriber VCXO is adjusted to
the base station's transmit frequency. After frequency
acquisition, the modem begins to search for the AM hole.
N, The modem searches for a sequence of symbols with little
or no amplitude. When this sequence is detected for a
20 number of frames, the modem asserts an "AM strobe"
signal to initialize the CCU frame timing circuit. 1If
no AM hole sequence is detected, the modem returns

status to the CCU that the RCC acquisition was
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: | O T <’
| determ nation of the subscriber station TX power adjustnments. The nodem 19
al so provides link quality and fractional tine information to the CCU 18.
Li nk 10 quality is used to determne if a collision has occurred. A
bad nmeasurenment of link quality indicates that the signal was not of good o/
quality, nost probably due to a sinultaneous transnmission by nore than one
subscri ber on the RCC slot. The fractional tine 15 estimate is the
val ue conput ed unsudeessficln 19Thé COU thent begihsr sogsedechyohet ween t he
base and subscriber stations. 9. Thi s power ‘and range delay information
i s processed byalterette RCQnfréguenciies {n the BRRwe2®anBer.RPU 20 20
formats this information into the RCC format and conveys this information
to the subscriber station via the RCC control slot. The subscriber station

CCU 18 decodes this infornation and, nake the required adjustpents_to 62
the transfit pdhetrern M hode @I%Fﬁ?téﬁﬁnFBPdeﬂ°88t AL medsPEcriPlio éﬁg"t he

CCU 18. The 8 updates its.own integer TX synbol. franme gounter, gnd
updates the moctiF SPHSEErB ke FIARY, ERRRUARFY, 2EUBIPAtion and 1Ri¥1ad
5 bit sync adjustments. The first 60 symbols of the RCC
control slot are a fixed bit sync pattern used by the
modem to lock onto the base station's phase (bit
timing). At this point the RX clock at the subscriber

station is useful as a symbol clock. .

10 5. The subscriber station CCU 29 has received a coarse
symbol timing adjustment via the AM strobe from the
modem. After freguency acquisition and bit sync the CCU

examines data received by the modem and searches for the

g RCC unique word. This unique word gives the absolute ~
E 15 symbol count reference for the frame; The CCU then
| adjusts its symbol counters to aiign.the countérs to
this reference. The subscriber station is now aligned _
' o/

and locked on the base station transmission system

timing (both frequency and symbol timing).

20 6. The remaining portion of system timing acquisition
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5 10/ During the caﬂgbconnectlon for a subscrlbe{";tatlon t he base
station RPU 20 al |l ocates the frequency and sl ot assignment for t he voice
call. This information is conveyed over the RCC and the subscriber station
CCY 29 adjusts the RX frequency and commands the 10 modem t o begi n
detection of the voice slot. AGC, timng and frequency information are
cartied forward fronlthe RCC operation to the voice channel operation. This

i s possible be uencies | n the system re nchropi zed to the
sane frame tini M’é?%c rFQ’P%e é'eri ebe %ﬂe gln order to

accurately set s SCIi a reflne t bc dure

i npl ement ed at '[ *%”f)f n%#% Q%o%e%frf oﬁ”p%ﬂ fﬁ@“ ﬁ €6°1.2
ref t ph (ﬁggj 20 h
;Fnirgge?o th on roI ann éﬁ& nD ulatlo %%@%1 |%u gngQPE st
nmessages are infg heufmxiweﬁbemtmomemeaIﬁegﬁeéatsdtﬁé biige base

‘63 station; these new RCC nessages are exchanged between the CCUs 18 and
29 ongy. The m@kg&ﬂéhléwé&6£nd reci he refinenent node at the base statlon

and out bound contr ol
7. The base station modem 19 is always searching for new

subscribers bursting in. These bursts can be delayed
from 0 to 3 symbol times from the base station master
reference start of frame. During each slot, the demods

10 of the base station modems 30a, 30b, 30c search for a
transmission on the reverse RCC slot. All timing and
phase information must be derived during the first part
of the slot (preamble) else the slot and its information
is lost. There are no second chances when receiving

15 inbound control slots. The inbound control slots are
received pursuant to Aloha queueing scheme-on the RCC,
which is described below, follow this itemization of the

events that lead to system acgqguisition.
8. During each slot the base station modem 19 performs
20 a fast AGC adjustment and bit timing estimation during

the first 60 symbols of the slot. The receive section

clock signals are adjusted to compensate for the
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node ét t he subscriber station. During refinenent the 5 subscri ber
station CCU 29 generates a nessage containing, for the nost part, a fixed
bit pattern along with a variable portion which indicates the acceptance or
rejection of the previous nessage received fromthe base station. The base™

stpiion nodem 19 passes timng 10 and power adjustnments to the CCU
18 from each slot received. Power adjustnents are sent to the subscri ber
station continually. Tim dj ust nent s, and ntrol Jnformgion, .indicating
t he conti nuat YRS i&ﬁﬁbﬁ%ﬁﬁiﬁ%ﬁ‘t?ﬂ??%ﬂq 3 motRS EFESLYR ‘%ﬁ?’after a

i ng ad) ust Anther; Seiiningine ¥ HAEE F1ER ooy 1F, FOmEtEy "7
then sends thqgadietuicere Fdkaetlis B Nile NALL00 GEtl2Pn {He"sepeLRS! SO

frame refinenent operation Is per by the se station

18, with the ngAlldeteidfined AN St Fgé UBeTay bBEteeehi BaseCU 29. The
refi nenent phase is termnated by the base station 18, and the-voice

conngcti on st FtationVaa ke VEUbSFELDOF §tetDoh St Theétmodeémelged fromthe
nodem 19 are within an acceptable 64
delivers AGC information to the CCU 18 for the
determination of the subscriber station TX power
adjustments. The modem 19 also provides link quality
and fractional time information to the CCU 18. Link
10 _ quality is used to determine if a collision has ;/
occurred. A bad measurement of link quality indicates
that the signal was not of good guality, most probably
due to a simultaneous transmission by more than one
subscriber on the RCC slot. The fractional time
15 estimate is the value computed by the modem 19 of the
fractional range delay between the base and subscriber

stations.

9. This power and range delay information is processed
by the CCU 18 and forwarded to the RPU 20. The RPU 20
20 formats this information into the RCC format and conveys
{ this information to the subscriber station via the RCC
control slot. The subscriber station CCU 18 decodes

this information and make the required adjustments to
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- ) sl
range,(such as 1% or gﬁ: refinement periods has ta&g; a maxi mum anount of
time. During call set up and teardown, the subscriber stations communicate
w th the base station by sending nessages over 5 the reverse RCC sl ot.
The~traffic attri butes of the subscriber stations trying to access the RCC
carny be characterized as stochastic in nature. Wien a subscriber station
W shes to transmt a nessage to the base station, sonme formof contro
mechani sm nmust arbitrate which 10 subscriber station is allowed to
transnit, sinctheutrapsnisypowemnand rangmdeiay conntess #p tkoth 4heit in
the sane slot. The slotted AlLoha schene is well-suited to the context of a

| arge popul at | Bedem g and Fhes CQL 484 hFhe GRY I8 \RRIAYRR AR S¥hdom
‘accesses on the RCC channel. .1 The slotted Al pha schene allows
subscri ber staP‘P&ﬁgeFo%?‘r ms‘l fRARe, SoYnten, Ang 4 .i! 'g&:’%? ™8
conpletely ind nden t her subsqriber stations are al so
‘attenpting to ﬁﬁgﬁgﬁF% %%%g£§4§§%;€éxgxt§g§§§ﬁ££The nat ural consequence of
this i ndependence of action is that nmessages 20 fromdifferent subscriber
stations may be transmtted at the sane tinme and therefore-collide. To deal

‘t’)"'ét 25§0| ! il%i.onimrti'?.i'gs tH VALY WotidESt id i £Sy RS dBedr Bsdenow edgenent  (ACK)

station, the base station RPU 20 allocates the frequency
and slot assignment for the voice call. This
information is conveyed over the RCC and the subscriber
station CCU 29 adjusts the RX frequency and commands the

10 modem to begin detection of the voice slot. AGC, timing
and frequency information are carried forward from the
RCC operation to the voice channel operation. This is
possible because all frequencies in the system are

synchronized to the same frame timing reference in the

15 base station.

11. In order to accurately set the subscriber station
S timing, a refinement procedure is implemented at the
beginning of each voice connection. During the
refinement phase, the cemmuhication over the voice
20 channel is similar to the control channel, the
modulation level is BPSK and the messages are in the RCC

format, but no "AM" hole is generated'at the base
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sent K& the base station follow ng the. correct rece€ipt of the subscriber
station's nessage. If the ACK is not received within the maxi mum all otted
time required by transm ssion and processing delays in each direction
(approximately 1-2 franme.5 times), the subscriber station nust retransmi ™
t nmessage. Retransm ssions may be caused by an error in reception of the
ACK at the subscriber station. In general, the subscriber stations cannot

determne the GEvadH: 'difed¥ Wwhed hidssdyds WP ERLRIngda Beduber DY the

subscri ber stations prior to 10 e retransm ssion of the nessage to

avoi d repeat ed ¢l |0CUL B Wrid) 29 "GR1PENIPHE hd@émNBY D& pIaGédcini ghe
previous collision. A conplication that arises in an Al oha schene is the

fact that the clefitrimery dvdonet Uthié dbdse i statdonmnaild outbdbinAdSEdRELEDS
del ays are not |ong enough. Wen this happens, the channel becones cl ogged
wi th retransn sodeatarkhe subsgmpiber cstatian zerburingarébihemnenstinthee
m nimzes this problemby increasing each subscriber station's average
randodri zed r et suhstniden stationi COUs2e cgenerates a pessageni ssi ons. The
i nplications of colljsjon retransm ssions and stapilitg.control for_access
del ay are that GaRtaihiRg, FQr cbhe most part, a fixed bit pattern along
with a variable portion which indicates the acceptance
or rejection of the previous message received from the
base station. The base station modem 19 passes timing
10 and power adjustments to the CCU 18 from each slot N
received. Power adjustments are sent to the subscriber
station continually. Timing adjustments and control
information, indicating the continuation or completion

of the refinement mode, are sent out after a period of

15 calculations, The base station CCU 18 collects the
timing adjustments from the modem 19 for 30 frames, ~
calculates a mean and tﬁen sends the adjustment to the
subscriber station CCU 29. Then. another 30 frame
refinement operation is performed by the base station J

20 CCU 18, with the results again being sent to the
subscriber station CCU 29. The refinement_phase is
terminated by the base station CCU 18, and the-voice
connection started, when the variance of the adjustments

received from the modem 19 are within an acceptable
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typically geonetrically distributed. To avoid |arge c;}iance In delay, it
IS thus necessary to operate the channel at a utilization considerably |ess
than 36% In particular, a utilization of 20% or |less nakes it 5 unl i kely
that’ more than one retransmission will be necessary due to collisions.
Usi;ng a random del ay of, say, eight frame tines for 45 nsec frames, the
total average delay with one retransm ssion is then 450 nsec (i.e., on

aver age the del lacl " agl fr el rJ ginal transm.ssion
s 10 ' ane. 1 EAngRG HEER, ae?TR, HIRHET AR Sraete Bl g’ AR W eReR e
random del ay) . fax¢RaH ambidl Wi ldigalion is not greater than 20% we nust
consider the average tine T between call requests per subscriber, the total

nunmber N of subscribers, and the frane 15 time F for val ues | ess than
36% the utilization is given by NF/T. For F - 45 nsec, N=1000 subscri bers,

and T = 30 m nupaginghealli sezaupoand tba¥¥owh Ut Hed subeR rdB¥r B ta¥i®ns
‘utilization value, a population of 1000 subscribers each making a call on

t he aver ageomwengcate wihf thienbasec atatd osiupyorsending metSages’ over ti ne

with access del ays of about 45 ns when one retransm ssion is 67

5 the reverse RCC slot. The traffic attributes of the
subscriber stations trying to access the RCC can be
characterized as stochastic in nature. When a subscriber
station wishes to transmit a message to the base station,
some form of control mechanism must arbitrate which

10 subscriber station is allowed to transmit, sihce multiple
subscriber stations could be trying to transmit in the same
slot. The slotted Aloha scheme is well-suited to the ¢ontext

of a large population of subscribers requiring relatively

infrequent random accesses on the RCC channel.

15 The slotted Aloha.scheme allows subscriber stations to
transmit messages in the designated RCC slot completely
independent of whether other subscriber stations are also
attempting to transmit in the same control slot. The natural
consegquence of this independence of action is that messages

20 from different subscriber stations may be transmitted at the
same time and therefore collide. To deal with collisions,

this scheme requires that a positive acknowledgement (ACK) be

65



.. | 5

requiLed, and an average access tinme of approximately 70-80 ms. The price
paid for the nuch | ower average delay is an increased delay variance, which
for the 20% or less utilization should rarely exceed two retransm ssion
times, 5 i.e., one second. The Al oha schene approach appears wel | -suited™
tq a system having a | arge popul ati on of subscribers requiring relatively

I nfrequent random accesses on the control channel, and should allow the
desi gn gaséntfbgethe Babeystatibasfollowinhg thenecorredtd revdiptadt akd for
t he expected popul ation paraneters. In contrast, polling and fi xed- TDVA

t echni quesubgoribencstptibhisdeesgagedl | Ifhibes ACK dal ngtr cecesived
including call establishment, call disconnection, and slot connection, 15
requi re ivithimt the BaxABNBcaddottede tidet requirashdy srensmissdgo@nd|
portion of the voice _slot. The follow ng descr, bes the different phases of
cal | procRERERESiRG, 8842YE 45 S3Ch dixection (MPRraxImAtelss X1ty ®ase

"Lt o PLERERT e, Shapertin PRI A RS, IR B o
itens 68 Retransmissions may be caused by an error in reception of the

ACK at the subscriber station. 1In general, the subscriber

stations cannot determine the cause of the problem. Thus, a

random delay is selected by the subscriber stations prior to

10 the retransmission of the message to avoid repeated W,

collisions with other senders that may be involved in a

previous collision.

A complication that arises in an Alcha scheme is the

fact that the channel may become unstable if random

15 retransmissions delays are not long enough. When this ~
happens, the.chaﬁnel becomes clogged with retransmissions and
throughput falls tc zero. A backoff technique minimizes this
problem by increasing each subscriber station's average

—/

randomized retransmission delay with successive

20 retransmissions.

The implications of collision retransmissions and

stability control for access delay are that the delays are
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t hat n@st be supplied I'n a CALL REQUEST nessage to (;; base station on
every call nade by a subscriber station. In the case of
subscriber-station-to-subscriber-station calls, the user dials the nunber

i Mo a register in the subscriber 5 station's nenory. The user initiates
th? conmmuni cation with the base station by pushing the send key or allow ng
a tinme-out. Only when the nunber is conpletely assenbled and stored in the
subscri ber statiqn is the radi.q channel, used, Thus, the_custonmer can dial

at a sl owt¥REEANIh SRomesTicali Fistributad. [ AP At (ares arkianceo)

bandw dt h ;or ti,me. The ;sequyence of nmessaqges generated by .the subscri ber

stations é‘ﬁ‘d%}ﬁa & é%%? (PRI s &2t m %

" subscri be tyat,) r %n?%ﬂ ' [ The, control channel link |eve
pr ot ocol F‘lst%'t}?tei(f {Eo”gﬁgb& e %f %érlgoébsanergr%‘r' conditions that arise due

to channel errors. Further, nessages that are received by the base station

“on the reverse control frequency are automatically acknow edged in the next
control slot onxd Rsardrcuidr cotollizoeincys 20w 4P 16w s apr aphs

provide a brief description of a 20 message exchange for cal

est abfi shnmtiNeXyexiat wore rdn berie Sietrarsmi®dion will be necessary

due to collisions. Using a random delay of, say, eight frame
times for 45 msec frames, the total average delay with one
retransmission is then 450 msec (i.e., on average the delay
includes: one frame delay the-originalltransmissicn, ﬁlus

10 one frame delay for the acknowledgement, plus the eight frame

random delay).

To ensure that utilization is not greater than 20%, we

must consider the average time T between call requests per

N~
subscriber, the total numyer N of subscribers, and the frame
15 time F for values less than 36%, the utilization is given by
NF/T. For F = 45 msec, N=1000 subscribers, and T = 30 minutes,
Y, the utilization is 1.5%.

Thus for the 20% maximum utilization value, a pocpulation
of 1000 subscribers each making a call on the average every
20 half minute can be supported by a 45 ms frame time with

access delays of about 45 ms when one retransmission is
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When Jhe base station receives a CALL REQUEST nessagé on the control
channel from a subscriber station A, it first checks the received SIN for
errors. If the SINis in error, the nessage is dropped. Wthout a valid
SIN, the base 5 station does not know who sent the nessage. |If the
difal ed digits are incorrect or inconplete, the base station sends a CLEAR
| NDI CATI ON nessage on the forward control channel frequency to the
request i ngegquiired,bands @n dyerade (dceess tineiof ppproximpeatelyi no-80c
problem 10 I f the origination attenpt is correct and allowed (i.e.,
the destiMéei ofb@nPrice paid the qmch) kower Ayerage delayaisdnor the

originating subscrjher, station A and the base stat] sengds a PAGE in the
form of ahiFREBRENg AEHAY HALARE n WY GFOErtRE ALY T { FeRfiency o

destinati 5__.subscriber.statifin B. _If the destination,subscriber
Staton onbeizasi ol Hnetia FeTeady Ficeed SoF SEERAAEN FRIGH BEBRFE! (uo
attenpts ?reret%&gzd% condition indication via a CLEAR- REQUEST
nessgge, fen 't e base station transmits a CLEAR-I NDI CATI ON nessage to the
originating subscriber 20 station Awth status information of busy
(i.e., destination unit off-hook) or that the destination subscriber
station is not Tdes\MdHYW ddiferdcpprdach appears well-suited to a

system having a large population of-suhscribers_requiring

relatively infrequent random accesses on the control channel,

and should allow the design goal of setup delays of less than W,

10 one second to be achieved for the expebted population
parameters. In contrast, polling and fixed-TDMA techniques

give unacceptable delays.

All phases of call proéessing indluding call
establishment, call disconnection, and slot connection,

15 requife information exchange over the control channel and/or
the control portion of the voice slot. The followin§
describes the different phases of call processing in regards
to boih subscriber station processing and base station

processing..

20 The subscriber station's subscriber identification

number (SIN) and the dialed digits aré two call control items
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| f the{destination suéggﬁiber station B accepts théﬁ?%coning call, then a
CALL- ACCEPTED nessage is transnitted back to the base station and the voice
channel is allocated. Wen voice channel synchronization is achieved, the 5
destinati on subscriber station B generates an audible ring heard at the
destination subscriber station B and al so generates the RI NGBACK tone over
the voice channel to the originating subscriber station A Wen the

destinati on subscri ber staiﬂi g ? goes of f _hook, 10 the control portion of
the voi cetBabimRRt BesSPPBiiS Hc?rFH&LlﬁEPygﬁTbneﬁaasesﬁﬁctbFfheéﬁ

_'V.“g' ¢ ﬁé;ﬁé‘@%‘ P8 PBeREF KA L1, BAAA, By gégeﬁﬁ%é'rdS?a?%%ngﬁhéc’héisﬁﬁi??E'n
R NoBAOK CRe PFoRPPREFOBPRELER kAR M iR R a b easoh Fodif N ERRo
comp! et e ugld! 42hi! dAbanGkEURNdRL6RR gega@te@ 452 sGBELrifegn external

“tel ephone I's perforne sane nman as ca ng ano scrlber

statign. JPge28n’ ssuéﬁs&yberrﬁsahlse& %&%|1$t@'saltﬁet %mﬂ%aes@;éhgugihand

presses the send button Or waits for tinme-out. This generates a I 0

request neRéaBaskOstBeibASBySpakhifg thecsend key or allowing a
time-out. Only when the number is completely assembled and
stored in the subscriber station is the radio channel uséd.
Thus, the customer can dial at a slow rate without tying up

10 valuable radio control channel {RCC) bandwidth or time.

The segquence of messages generated by the subscriber
stations and the base ‘station to establish a connection
between two subscriber stations are shown in Figure 4. The

control channel link level protocol is used to check the

U
15 various error conditions that arise due to channel errors.
further, messages that are received by the base station on

the reverse control frequency are automatically acknowledged
" in the next control slot on the forward control fregquency.

The following paragraphs provide a brief description of a
20 message exchange for call establishment between two

subscriber stations.
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71 (base stati on deci des whet her to page another subscriber station or to
seize an external trunk line. In this case, an external trunk line is
seized, and the dialed digits are out-pulsed on the trunk line. Wile the,
digits are being 5 out - pul sed, the voice frequency for the originating
subscriber station is allocated. Wien a subscriber station receives the
LL- CONNECT nessage, it changes frequency and synchronizes itself to the

assi gned voi ognehagfie! baSeCstakioroireceivesnal CALL REQUEST) enemsager ioner
stati on handset is 10 di sconnected fromlocal silence and connected to

the exteghel cbhtPbl tRannelofrioh a pubscribert statdon Mgt iien figisto centr al
office generates all the call progress tones. An incom ng external cal

sei zes achétkE theerecedvelde SINsEaxt @riroxs.Thd fothg $IN iF danteryoxof i ce
sends in from 15 2 to 5 digits, identifying the unique digits of the
dest i nat the mebBsegebds drapped.S Mithoutha valddsSIN.othe dasee direct

inward dialing (DID) trunk line. If the dialed subscrlber st S not
busys t hstbasensﬂmsoﬁl@emwam m%‘%e tai‘éﬁﬁé)r opriate

subscri ber station. Three possi itu n.o t he

subscri b@igitg: AZe ;R’&S’&?ct ﬁf)r‘?@'tﬁﬁ“?'é%ﬁ ri:’;?f‘stfccfs%qqtl‘?g(’rbrsoec“e‘{eds as
CLEAR INDICATION message on the forward control channel
frequency to the requesting subscriber station A with status

information specifying the problem.

10 If the origination attempt is correct and allowed (i.e.,
the destination unit is not busy), ‘the voice channel is
allocated for the originating subscriber station A and the
base station sends a PAGE in the form of an incoming-call
message oﬁ the forward control frequency to destination

15 subscriber station B. If the destination subscribe:'station
B does not answer the PAGE with a CALL ACCEPTED message after
two attempts or returns a busy condition indication via a
CLEA#-REQUEST message, then the base station transmits a
CLEAR-INDICATION message to the originating subscriber

20 station A with status information of busy (i.e., destination
unit off-hook) or that the destination subscriber station is

not answering the page.
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described bel ow. Second, no response is received. ~In this case, the base
station retries the paging process two tines. 72 If the base station
exhausts the retry count without an answer fromthe subscriber unit, then a
RLNGBACK tone is generated in the originating unit. The third condition is
aresult of the subscriber station being busy dialing (i.e., 5 off-hook)
aAd returni ng a CLEAR- REQUEST nessage on the control channel. In this case,

d . EST nessage o ! el . In thi
of a Succossi fE bk Went St €5 R bRPELNE: MERELLRD S8t W o1 el T
aud ol o ATNSARE (Satly (SHER 4 (O PRCORREED Meafiqh BF SRBeRCted ] 7 N0

- subscri bgfacil aid Othe Wede  §€a€E6h | 49d | Oe SYOPEE | ERinsd Pl 9N BISMEES L he

call (i.e., the base station detects an onhook to of f hook transition), the
ext er nal whetg vwicé hehdinel Chpnct ol 2EEN6IK 18 Saclfevé®, behd renoved. At

. this point, the voice channel is ready for a conversation. A normal cal
t er rtbnat idestination asebsbyibér stbtion Brgenerates - &mwokudilhike bpdweg st ati on
detects the of fhook to onhook transition via the control portion of the
Voi ce heard at the destination subscriber station B and also

generates the RINGBACK tone over the voice channel to the

originating subscriber station A.

N When the destination subscriber station B goes off hook,

10 the control portion of the voice slot changes from a
sync-ring indication to a sync-offhook indication and CALL
PROGRESS messages are provided over the voice channel via the
base station between the two subscriber stations. The
destination subscriber station B terminates the audible ring

15 and disconnects the RINGBACK tone from the voice channel at
this point. The circuit is now complete, and voice/d;ta

exchange can begin.

Placing a call to an external telephone is performed in
the same manner as calling another subscriber station. fhe
20 subscriber station merely dials the desired digits and
presses the send button or waits for time-out. This

generates a radio reguest message to the base station. The
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20 éhannel. Upon de?ectihg the transition, the base station deallocates
the voice channel. The channel is not allowed to be used again until the

base station sees the subscriber 73 station | ose synchroni zation on that

channel .

If the call being disconnected is to another subscriber station,

ad onhook indication is sent to the second subscriber station in the

contro

resynchr gige &tgegshveéciaeé hgh&thes %baasghsahaaﬁeinduseeéigeﬁm- REQUEST

a call also takes place five

seconds aitsffidmcoPaté séfieoan! axternadi eraak! Aheyi t Inathilgs Caises an
stati on.

nmessages to th

‘channel

the conneoutepulsedxpnrtbactrynkr ddnens: While ‘thekddgatist preabednget ur ned

from 15

t hr eShol ceverpelisedssthe vedest fspqueacyoforothroryiginanddd zation has

portion of the voice channel. The subscriber 5 stations
e station. Termnation o

10 A voi ce connection can be "lost" due to fading or

o/

ieneefwakbnteunk linedist sedized; andeither didledf dilgdwisngreondi ti ons .
are checked at the subscriber stations and the base station to deternmne if

the subscri ber or base station receiver is below a. predeterm ned

been detected for several sugcessgive tr nsn1SS|ons

10

15

20

subscriber station is allocate When a subscriber station
receives the CALL-CONNECT message, it changes frequency and
synchronizes itself to the assigned voice channel. Once the
voice channel is ready, the subscriber station handset is
disconnected from local silence and connected to the external
trunk line. From this point on, the destination Telco

central office generates all the call progress tones.

An incoming external call seizes a trunk line into the
base station. The originating ﬁentral office sends in from
2 to 5 digits, identifying the unique digits of the
destination subscriber station SIN, to the base station over
the direct inward dialing (DID) trunk line. If the dialed
subscriber station is not busy, the base station sends a PAGE
MESSAGE over the RCC to the appropriate subscriber station.
Three possible situations can occur. First, the subscriber
station accepts the incoming call and processing proceeds as
described below. Second, no response is received. 1In this

case, the base station retries the paging process two times.
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Base st%uion ori gi nated nmessages are broadcast tc>eﬂ€~20 active
subscri ber stations. These nessages are transmtted by the base station

over the radio control channel. The 74 pur pose of the broadcast nessage
is~fo notify all active subscriber stations of changes in operation of the
sys(en1(|. ., change in frequency of the RCC, or a command to the nodens to -

go into self-test node, etc.). These nessages are 5 not acknow edged by

he subscripeeng! BabenseabIBnl exhalhel tReOFRRFY cdirt Withogtia Y

functions as the control conputer wt € base ation arc 5bture it

'nterfacesaﬁkﬁérttﬁoﬁcﬂﬁelﬁuhwhrﬁbeﬁoﬁﬂ!@'C$ henVal RINesaAcKdic@naiyisPent
and the PBX 15, 10 as shown in Figure 2 he RPU 20 coordlnates t he

‘necessary @gehepateBoin’ alleOofdllinBta8ESUNIE. THeeRRHi2Qd EHEGSh {RSRAgES
with the subscriber stations, the PBX 15 and the CCUs 15 in order to make

connect i onsesulit dofc thecsubseribet! station bled ngalbusib dialineeydi.eg,
“functions is the allocation and deal |l ocati on of the radio channels. The RPU
20 al o mapffahaokd eadapsturning meCLEARs REQUEST mesisageaion thet lcontysilen
t he database contains information on the status of the equi pnent,

channel. In this case, a busy tone is returned to the

originating subscriber station.

In the case of a successful PAGE request, the voice

— channel is allocated, external ring is generated at the

10 destination subscriber station's handset while an audible
RINGBACK tone is generated back to the originating party,
from the subscriber station. When the destination subscriber
station answers the call (i.e., the base station detects an
onhook to offhook transition), the external ring and the

15 channel RINGBACK message are both removed. At this point,

the voice channel is ready for a conversation.

A normal call termination is initiated by the subscriber
going on-hook. The base station detects the offhook to
onhook transition via the control portion of the voice

20 channel. Upon detecting the transition, the base station
deallocates the voice channel. The channel is not allowed to

be used again until the base station sees the subscriber
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subscki ber stations, connections and the radi.o channels 20 within the
system 75 Call establishnment begi ns when the RPU recei ves a nessage
either fromthe PBX call processor 24 for a call received froman externaI\J
line, or froma subscriber, for a call destined for an external phone or
apot her subscriber. 5 Communi cation froma subscriber cones in over the
radi o control channel (RCC) via a base station CCU 18. The RPU 20 all ocates

a voi ce gbagish 1ogecuynchgoniratiogeoniithat! bhantelw i [Tf theatcall the PBX
15 and the CCU 18 in order to establish the connection. 10 A

di sconnebeing @dgconnkeztednissage anather subiscxdbermtiatddXatb or a

subscri ber indicating that a phone was hung up or fromthe CCU 18

i ndi cat i aghobkt indichtionzdlsi sentasd dde GesondsuhafiribgmmtationHin RPU ]
informs the CCU 18 and the PBX 15 of the disconnect and the RCC is

deal | ocathe. coptrol portienRof $dve waiceahannel « hdIhe|IsuhGSFrikemct i ons:

1. Processes subscri ber chiand PBX ssa es which control call setup, °
cal ISt easaemoeﬁdr@rms-a Z5. HieRpe Weq ha ithe REC T FTARTRLAHODS

read/wri tagds St C %bﬁequsr messages to the base station.

Termination of a call also takes place five seconds
after the base station loses radio contact with a subscriber

station. _ <

10 A voice connection can be "lost" due to fading or
channel interference at the destination receiver. The
following conditions are checked at the subscriber stations

and the base station to determine if the connection is

experiencing problems: The link quality value returned from ~
15 the subscriber or base station receiver is below a..

predetermined threshold for successive receptions; a loss of

word synchronization has been detected for several successive Y

transmissions.
Base station originated messages are broadcast to all

20 active subscriber stations. These messages are transmitted

by the base station over the radio control channel. The
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76 3(, Supports a system consol e which all ows system queries and nmanual
systemcontrol; 4. Handles the BCC interfaces by supporting the baseband
control channel (BCC) communications protocol over a 5 9600 baud
asyrichronous serial interface; 5. Handles the PBX interface by supporting
t he¢ PBX nessage protocol; and 6. Keeps a transaction |og which supplies
di agnostic and raw billing data. 10 The RPU software supports one

serial int '&Qggi u r i al

i nt erfaces%t%o eac%%oé %{%ﬁdéﬁ %Efiéeg%eagﬁs s'lfélt%?\:?%%n |gu£r§1?j|?‘gén. The
RPU har dwarggpgesd itias gt d\ iy ! I\ggﬁg sk I r%é&
conputer. ‘I%Hss@n:lachi ne Is con%‘)iaéfljre v&?ﬁo%g one Wyf‘%éo?ﬂérla omnz‘iccgass
menory (RAM§.@NG Khdviye an ofrétpiedf a6t | end et i $K &t Osmiena | £& RIS st s
of a system console and a unit which supports eight asynchronous seri al
IQata I nt er mmdems *o go into self-test mode, etc.). These messages are

5 not acknowledged by the subscriber stations.
Remote~Contrel Processor Unit (RPU)

The RPU functions as the control computer within the
base station architecture; it interfaces with the CCUs 18,
which communicate with the radio equipment, and the PBX 15,

10 as shown in Figure 2.

The RPU 20 coordinates the necessary actions for radio
call processing. The RPU 20 exchanges messages with the
subscriber stations, the PBX 15 and the CCUs 15 in order to
make connections and disconnections.Included in the call

15 processing functions is the allocation and deallocation of
the radio channels., The RPU 20 also maintains a database
that reflects the current state of the system; the database
contains information on the status of the egquipment,
subscriber stations, connections and the radio channels

20 within the system.
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} As shown in Figure 5.
- includes a schedul er
a PBX interface nodu
nmessage processing 5

A !

the RPU software package simulates a systemthat

nodul e 40, a BCC interface nodul e(s) 4l1la, 41b, ... 41ln,

e 42, a console nodule 43, a |l ogger nodule 44, a
nodul e (MPM 45, and a database nodul e 46. Al

nodul es, except the database nodule 46, are called to run fromthe

schedul er nodul e 40.

system of nai | G3lds estad

subroutines for 10

The nodul es conmmuni cate with each other through a
begins when sthe sRBU peredves| dection of

accessing . information .in the dat abase. The schedul er

modul e 40WBEERSE: Sithen ifrom FRX (G RRFQCABERF 24| FOrsar €8bdnsibl e
mai ntai ni AECEIIARE (R ST MIEITAL Lie o £19B.A | RpPRcT IRREICT0E &
inter-pro 3 r;ll td Qn. T} B i '_[%r(é ce_podul 4lg' één support
2ser 1 CEEIR ARERINS fH an sl O TE Vol "o ERed Bubper ihies

moni tgr t E%n&ﬁﬁ&%a@i&?% %tdxﬁfbﬂ{%é %W%&%vl?%ﬁ%%%ﬁ&ér face

nodul® 42 supports a

ser asynchronous 1 nterface X cal

Processor eghtrél channel (RCC) via a base station CCU 18. The RPU 20

allocates a

voice channel and exchanges messages with the

subscriber station, the PBX 15 and the CCU 18 in order to

establish the connection.

o/

o

10 A disconnection begins by a message being received from

the PBX 15 or a subscriber indicating that a phone was hung

up or from the CCU 18 indicating that synchronization was

lost over the radio channel.. The RPU informs the CCU 18 and

the PBX 15 of the disconnect and the RCC is deallocated.

15 The RPU software performs the following functions:

1. Processes subscriber, CCU and PBX messages which

control call setup, call teardown and channel allocation;

2. 1Initializes and maintains a read/write system

database;
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The condol e nodul e 43 pg/i des a system operator int Qace whi ch al | ows
system status queries and nodifications and nessage exchange between the
RPU 20 and the rest of the system 5 The | ogger nodul e 44 provides
raw’t ransacti on i nformati on for diagnostic and system anal ysis purposes.
The ymessage processing nodule 46 processes all received RCC, BCC and PBX
nmessages. It perforns aII subscriber cal | set up and tear down not
performed by the, PBX, 15 | ocat es adj o Eannels. It al so

i ncl udes a backgf dun ?Bg ﬁy ﬁ?tﬁ?@‘? %é?b & PHE E¥8LePs. The
dat abase é v, t erface to all of the data
structures é“%uur€d9§a ﬁg&ﬁ?fp§§€§é§ ggtfgifncludes a frequency allocation
‘task which assigns the 15 radi o channel s. The RPU dat abase contains
structure describing the system configuration including information on al

bscrib d &b fehe! pead T
subscribers and ghe ﬁ&ﬁéfe@ tﬁ% BR%% %ﬁt&??ﬂ@éésb QGEB E&Hgbgﬁ > are

-descri bed as foll ows: at abase contain bas contr ol
channel (Bcﬁ‘aiscbéﬁdsébuﬁfmecﬁsﬁneacl%&v é8minini 88t $¥ABEProtocol over a

5 9600 baud asynchronous serial interface;

5. Handles the PBX interface by supporting the PBX

message protocol; and

—
6. Keeps a transaction log which supplies diagnostic
and raw billing data.
10 The RPU software supports one serial interface to the
9 PBX call processor 24. 'It also supports serial interfaces to
each of the CCUs 18 in the base station configuration.
The RPU hardware includes a Motorola Model 68000 based
" ‘general-purpose computer. This machine is configured with

15 one Mbyte of random access memory (RAM) and 10 Mbytes of
non-volatile hard disk storage. 1/0 consists of a system

conscle and a unit which supports eight asynchronous serial

data interfaces.
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A sub§criber Identification table (SIN table) contains a sorted |list of al
val id subscribers. The list is sorted to 5 facilitate subscri ber
validation. The SIN table has one entry for every subscriber in the

system The RPU software perfornms a portion of the subscriber unit cal
pqocessing. This processing is done in the nessage processing nodul e. Cal
processing is acconplished by neans 10

MPM 45, the PRY gREWheif?Fagiire 5,0tneNRPBCEIRUNRS géeklcxdg}'etdﬁi&m& Phone

froma Subscriber Station Thi's section briefly
set @pspseendehatf @hcdudelss o sehedulier ficdbleh @, IBCC #htiérface

Cal |
cal l

cri

subscri ber (the originating subscriber”) goes off-hook, dials a valid

phone numbduléiied pdlaneddbnber. .dfln,ha PEX iintlerdaceambdulas &%, tdie send

button or waits for a time-out. The originating subscriber station sends a

CALL REQueSsolesmagulevds,t ac loggeromodulendd f @ imes sage progessing0

The RPU BCC nodul es 41 receives the RAD O RE
t he vPM Bodulfe (NPM) 414 5pc 206 8 dadabasenmodudien|46s digit val i dati on and

sends a RADI O REQUEST nessage to the PBX nodul e 42 which forwards the
nmessage to the PBX - _

10

15

20

All modu{es, except the database module 46, are called
to run from the schedulér module 40. The modules communicate
with each other through a system of mailboxes. The database
module 46 is based upon a collection of subroutines for

accessing information in the database.

The scheduler module 40 provides mainline code for the
RPU software. It is responsible for scheduling and
activating all other modules. It alsec is responsible for
maintaining event timers and mailboxes which allow intra- and

inter-process communication.
The BCC interface modules 4la, ...41n support a serial
asynchronous interface and a link level protocol. They also

monitor the state of communication with the CCUs 18.

The PBX interface module 42 supports a serial

asynchronous interface to the PBX call processor 24.
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controﬁ~processor 24. The PBX call processor 24 validates 5 the dial ed
digits and returns a PLACE CALL nessage to the RPU 20. The MPM 45 assigns a
vojce slot to the originating subscriber station. The MPM 45 generates a

GE CHANNEL command to the CCU 18 that contains the voice slot that the
ori{gi nati ng subscriber station is assigned to. The MPH 45 10 generates a
CALL CONNECT command to the originating subscriber station, which command
assigns the voice frequency and slot to the originating subscriber station.
The MPM 45 generates an ALLOCATE nessage to the PBX call processor 24 which
tells the PBX CPhé ¢6966T6 ahoddlé 43 bp6oiaes BERYBEEBmlSperakapnel . At
this point, the originating subscriber station is coaneFer set up. It is
‘now avai t i inter facmechichn ahlowsghsybtelBXtavhbclueribexard to the
"destination". The "destination" can be either another subscriber station
or a tel egehificationstand messagedexchange Thetweenutkel RRU 20, aRd thet

‘makes no difference. Receiving a Call on a Subscriber Station This
section br¥®ft o thest¥stemw an i nconing call to a subscriber station is
handl ed. The PBX call processor 24 determ nes that a phone call is destined

for a subscriber 5 station. The PBX call processor 24 generates an

| NCOMNG :
5 The logger module 44 provides raw transaction

information for diagnostic and system analysis purposes.

N The message processing module 46 processes all received
RCC, BCC and PBX messages. It performs all subscriber call
set up and tear down not performed by the PBX 15 and

10 allocates the radio channels. It also includes a background

task which monitors the state of the CCUs 18.

The database modqle 46 provides a consistent interface
to all of the data structures required for call processing.

It includes a frequency allocation task which assigns the

15 radio channels.

The RPU database contains structure describing the
system configuration including information on all subscribers
and the state of all radio channels. These structures are

described as follows:
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CALL message. This message contains information about the nature of the
incomng call, specifically whether the call is comng froman externa
trunk Iine 14 or from another subscriber station. The RPU PBX nodul e 42
receives the PBX 10 nmessage fromthe PBX call processor 24 and forwards
it{to the MMM 45. If the call is coning from another subscriber station,
the MPM 45 sets the subscriber-to-subscriber index of both the
"originating" and "destination subscriber stations and commands the CCUs

i nvol ved 18 to into | nternal node. The MPM_ 45 enerates a PAGE
nmessage to thei&ﬁxﬁﬁqtﬂ#t%?%f?oﬁ°ﬁbtép?l aqbpgebapd, RE ERARNSLsSsage.

The proper, suhscriber statjon r onds CALL, ACCEPT,  nessage. The MPM
45 respond‘saétgt Lo dad ?ﬁﬁﬁ ﬁ% sﬁ@gh\t%égeigraf’l 8 SYEARBE CHANNEL
nmessage to the appropriate CCU 18 and a CALL 20 CONNECT nessage to the
appropriate subscriber station. The MPM 45 then generates an ALLOCATE

message to the PR CALE;H éP%?éHh% fcubioh eapses (EE@ZE%:%W E‘&&c@&

to make the final connection e 1 ncom ng call ecovery

Thi s SeCt'éﬁkﬁédeiiytdsfcilﬁeﬁalb& Eﬁk%@?zh&iﬂo”SQhEOIQSGhQBHQBrE%ﬁetWh"e
a conversation is in progress. The CCU
5 facilitate subscriber validation. The SIN table has one

entry for every subscriber in the system.

' The RPU software performs a portion of the subscriber
unit call procesging. This processing is done in the message
processing module. Call processing is accomplished by means

10 of message exchanges between the MPM 45, the PBX module 42
and all of the BCC modules 41.

Initiating a Phone Call from a Subscriber Station ~

This section briefly describes the normal call setup

procedure for a subscriber initiated phone call. A

15 subscriber (the "originating subscriber®} goes off-hook, ~

dials a valid phone number (the phone number of the
"destination™) and presses the send button or waits for a
time-out. The originating subscriber station sends a CALL

REQUEST message over the control channel to the base station.
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handl i hg the voice chaS:;I whi ch fades sees the chagzzl | ose 5

synchroni zation. The CCU 18 generates a NO SYNC event nessage. The BCC
nodul e 41 receives the event nessage and forwards it to the MPM 45. The
MPM 45 sends an ONHOOK message to the PBX cal|l processor 24 and sets the
supscriber to the idle state and the channel to the on-hook state. 10
Processing an I ncom ng BCC Nbssage A BCC nessage is passed via a 9600 baud

ot On handie ' EEGBCETmORATLE "y (et Ivpg LHE RADI6ReRiESTChelRAYCat |
the "”k'f%@ﬂaf@ffénﬁé'eﬂebkﬁﬁ iure g&&ynﬁﬁ 45tgﬁrfﬁiﬁﬂrhbﬁeogxﬁ fe.

I ncom ng nessage. t he BCC nod determn e nessage IS

“accept abl Qixﬂbdip@iéﬂfl Pheiaskien edacgenbsi & mmonﬁéoﬁesqhﬁegsagé naoCCU
18. O herwise a retry or negative-acknow edgenent is returned. The

nmodul e 41 ¢ev PEXGRodttent2selifchofbbral@ll ¢he mbesagestageheOPBX pl aced in
“the nessage processing mail box 48 utilizing the 83 mai | boxes provi ded by

the schedwentroliupeod8sséSe24Fi gThe BBX thllhprocessor Bdrwaldgatesromthe
CCU 18, and the BCC nmil box 49 containi ng out put nessages to the CCU is
enptys the dialed digits and returns a PLACE CALL message to the RPU
20. The MPM 45 assigns a voice slot to the originating
subscriber station. The MPM 45 generates a CHANGE CHANNEL
command to the CCU 18 that contains the voice slot that the
N originating subscriber station .is aséigned to. The MPM 45
10 generates a CALL CONNECT command to the originating
subscriber station, which command aSsigns the voice freéuency
and slot to the originating subscriber,statioh. The MPM 45

generates an ALLOCATE message to the PBX call processor 24

which tells the PBX call processor 24 to allocate a message

~ 15 channel. ‘At this point, the originating subscriber station
is completely set up. It is noQ awaiting a connection
through the PBX switch matrix 25 to the "destination®". The

U "destination” can be either another subscriber station or a

telephone that must be accessed over a Telco trunk line 14,

20 it makes no difference.
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5 the BCC nodul e 41 "bl ocks"™, and control passes to the schedul er nodul e
40. The schedul er nodul e 40 activates the next nodule in the round-robin
schedul e, and this nodule runs until it blocks. The schedul er nodule then
activates another, and so on. At 10 sone |ater point, the schedul er hd
modul e activates the MPM 45. The MPH 45 then reads in the BCC nessage,

al ong with any other nessages that have been queued up for it inits

mai | box  4Bec&heiBgCantaidgon s Subscriber Statdamcessed. Such processing

may i nclude changes to the database and the 15 generation of new

nmessages. Figure 6 illustrates the data path of an incom ng nessage.
Cenerating an Cut90|n BCC Message Flgure 6 also illustrates the data path
of an out goi ngTh&e §E§§&3§ Eﬁe(;ﬁtl’g USES RS R i APRHAYR A byt e MPM

o o 55 e ot Gl w0 esie o cong e
o ot g ek, S o e R o B Pl 03
the MM " DhoekShn. ales Pk’ ¥arts grdcddiish 12n Idinaclieli il ARG
CALL message. This message contains information about the
nature of the incoming call, specifically whether the call is
- coming from an external trunk 1ine_14 or from another
subscriber station. The RPU PBX module 42 receives the PBX

10 message from the PBX call processcr 24 and forwards it to the
MPM 45. 1If the call is caming_from another subscriber
station, the MPM 45 sets the subscriber-to-subscriber index
of both the "originating®™ and 'destination'_subscriber stations
and commands the CCUs involved 18 to go into internal mode.

15 The FPM 45 generates a PAGE message to the subscriber station ~
specified in the INCOMING CALL mes#age, The proper
subscriber station responds with a CALL ACCEPT message. The
MPM 45 responds to the CALL ACCEPT message by generating a
CHANGE CHANNEL message to the appropriate CCU 18 and a CALL

20 CONNECT message to the appropriate subscriber station. The
MPM 45 then generates an ALLOCATE message to the PBX call
processor 24 which causes the PBX switch matrix 25 to make

the final connection for the incoming call.
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The BC& nodul e reads the pessage fromits mail box 49 and adds the
appropriate link |evel tﬂ%@ to the outgoing nessage. EMthen transmts the
nessage out the serial dala port to the 10 CCU 18. M¥ocessing RCC
Messages An incom ng RCC nessage is handl ed exactly |like an incom ng BCC
nmessage since an RCC nessage is a type of BCC nessage. Al so, an outgoing
RCC nessage is created and 15 transmtted in the same way as an out goi ng
BCC nessage. Processing an Incom ng PBX Message A PBX nessage is received
fromthe PBX call processor 24. This nessage is passes via a 9600 baud
asynchranous interface to the RPU 20. Referring to Figure 7, the RPU PBX 85
.nodul e 42 reads in the PBX nessage and sends it to the MPH mail box 48. Wen
there are nDrepr OutnReeb®grgharacters and the PBX mail box 50 contai ni ng

out goi ng PBX nessages is enpty, the RPU PBX nodul e 42 "bl ocks"”, and control
is passed back to 5 the schedul er nodule 40. The MPM 45 reads in the PBX
message, along with any ot her nessages that have been queued up for it in
its mil box 48. ThispBEctdopabrieflyr dessriliebathe BRUt 20 rgpponket ke a

channel fade while a conversation is in progress. The CCU 18
handling the voice channel which fades sees the channel lose
5 synchronization. The CCU 18 generates a NO-SYNC event
message. The BCC modﬁle 41 receives the event message and
N forwards it to the MPM 45. The MPM 45 sends an ONHOOK
message to the PBX call processor 24 and sets the subscriber

to the idle state and the channel to the on-hook state.

10 Processing an Incoming BCC Message

~ A BCC message is passed via a 9600 baud asynchronous
interface from the CCU 18 to the RPU 20. The BCC module 41
which handles that particular CCU interface reads in the

\,/ message and checks the link-level information bits to verify

15 the integrity of the incoming message. If the BCC module 41
determines that the message is acceptable, an appropriate
acknowledgement is returned to the sending CCU 18. Otherwise
a retry or negative-acknowledgement is returned. The BCC
module 41 now sends the message to the MPM 45. This message

20 is placed in the message processing mailbox 48 utilizing the
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nessaée and the current state of the subscriber specified in 10 the
nmessage. Processing nmay include changes to the database, changes in the

subscri ber state and the generation of new nessages. Figure 7 illustrates
the data path of the incom ng PBX nessage. Generating an Qutgoi ng PBX
Message 15 Referring again to Figure 7, an outgoing PBX nessage is

generated by the MPM 45 in response to-an event. The message i s constructed
wi t hi n t hgaPbogkesaptovided bad the tdchéBilewddduli®. 40\ t e(SédiBigmseage,
and any ot her necessary nessages are sent, and if there are no nore
messages 6w)the 20 MPM mai | box 48, the MPM 45 "bl ocks”, and control is
returned to the schedul er nodul e 40. 86 The schedul er nodul e 40
continues to activate other nodules in the round-robin schedule until the
RPU PBX nodul e 42 is actjvated. The,K RPU PBX nodul e 42 reads the PBX nessage
fromits 5 nif $Hens IHAQ MOFS (IRRBE (£Xom the LWl ButandctheBGF data
X

port to the, call processor 24. CGenerating Logger. Ve ges At rel evant
poi nts i n®8& E°6f %t%ép‘?ﬂﬁﬂ}i’b’s“q PRIRERAppSsages £3 the CC34s empty,
5 the BCC module 41 "blocks”, and control passes to the
scheduler module 40.

. The scheduler module 40 activates the next module in the
round-robin schedule, and this module runs until it blocks. g_)
The scheduler module then activates another, and so on. At

10 some later point, the scheduler module activates the MPM 45.

The MPM 45 then reads in the BCC message, along with any

other messages that have been queued up for it in its mailbox

48. The BCC message is identified and processed. Such
processing maf include changes to the database and the

15 generation of new messages. Figure 6 illustrates the data
path of an incoming message.

Generating an Outgoing BCC Message

Figure 6 also illustrates the data path of an outgoing

BCC message. An outgoing BCC message is generated by the MPM
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softma(ﬁ package, a negshge cont ai ni ng pertinent irﬁg;}ation 10 s mailed
to the logger nodule 44. This information is tinme stanped and output to a
file. Figure 8 illustrates the |ogger data paths. Consol e | nput/ CQut put
Moddl e The consol e modul e 43 i nput section provi des conmand 15 pronpting
and, recognition along with command validation. Valid consol e commands have
the{capability to query and update the RPU database and send nessages to

RPU rodul | ds will
be out put 5 (5T Foepafisd b8 hohfopekeunanTheaRE) PrHbCBegkaGa I,
nodul e 40 ¢én§ee§¢éeaeditﬂihetﬁesn@ﬁ'ab and i&shﬁilﬂﬁdﬂbetﬁﬁdab% module

responsible for scheduling all the other RPU nodules. The main

responsi bi 4] twiecRf hahaleshetel aeskiduteoAlcate18Q Sglkeer ke sNpelssaREyl €
to be executed and to provide inter- and intra-nodul e communi cati on.

Al t hough aahdtdmyvethensn&bessaty messagebcarbogght ,0hnd0if thereparet e
modules, in reality, all the nodules are one application process of a

Regul 5s opeotitmodyesmessagest instheeMPMiedmeédibonddBe thewMPMh "pdotksits t he
round-robin
and control is returned to the scheduler module.

The BCC module reads the message from its mailbox 49 and
adds the appropriate link level bits to the outgoing message.

It then transmits the message out the serial data port to the

10 CCu 18.
Processing RCC Messages

An incoming RCC message is handled exactly like an

"
incoming BCC message since an RCC message is a type of BCC
message.. Also, an outgoing RCC message is created and

15 transmitted in the same way as an outgoing BCC message.

Processing an Incoming PBX Message
- A PBX message is received from the PBX call processor

24. This message is passes via a 9600 baud asynchronous

interface to the RPU 20. Referring to Figure 7, the RPU PBX
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disp({ching of the other RPU nodul es. the schedul er nodul e 40 nanages the
stack for each of the pseudo RPU nodul es by 15 allocating a fixed part of
stack space to each of the pseudo nodules at startup time. Then just before
each nodule is scheduled to run, the stack pointer is changed by the
sghedul er nodule 40 to point to the appropriate stack address for the
pr.oper nodule. A nenory map of the RPU 20 is shown 20 in Figure 9. 88
Bach RPUmgdtllec 421 neads iin ithe) PRX mestwge anddsends| btkto therMPMr ns
control back to the schedul er which allows another nodule to be schedul ed
and run. mailbeid f&.an Wierithere caaxe 20 moxe imconingnghTEFetErE(3ndhi ch
forces the 5 modul e to block until an event is pending, or by calling

WAl T() witheh BEX giesi ¥hox eﬁ%eqqmtaﬁmmumom&& messaseﬁa{lﬁu ﬁ’@PBZOCK()
whi ch bl ocks for one tour of the round-robin schedu |n Ioog Ag e& maj or
funct i on thieaRAThPBX meAlle 4(thLooke’o and FERERRL| 18 RRBFEd, °

communi cati on het ween nnqﬁ?f ﬁ?llboxes are used as the neans for sending
or rBceik €48t ot her nodul es. Each rmodul e can check for
mail in its mail box by usi ng the MAILREAD() call. Likew se,

The MPM 45 reads in the PBX message, along with any
other messages that have been gueued up for it in its mailbox
48. The PBX message is processed based on the type of the
message and the current state of the subscriber specified in A
10 the message. Processing may include changes to the database,
changes in the subscriber state and the generation of new
messages. Figure 7 illustrates the data path of the incoming

PBX message.

Generating an Outgoing PBX Message
15 Referring again to Figure 7, an outgoing PBX message is
generated by the MPM 45 in response to ar event. The message
N

is constructed within the MPM 45 and is mailed to the PBX

module 42. After this message, and any other necessary

messages are sent, and if there are no more messages in the
20 MPM mailbox 48, the MPM 45 "blocks", and control is.retufned

to the scheduler module 40.
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a nDd&Je can send nmail to another modul e by using the 15 MAI LSEND() cal |
The schedul er nodul e mai ntains a separate mail box for each of the nodul es
that are in the scheduling | oop. When one nodul e sends a nessage to anot her
nmoetul e, the nessage is copied into the destination's nail box. Later, when
it,is the destination's turn to run, the schedul er 20 nmodul e checks its
mai | box to determ ne whether there is a nessage in the mailbox. If so, the
schedul er nodul e 40 generates an event of type MAIL which forces the nodul e
to be 89 unbl ocked, if blocked by a GETEVENT() , and thus scheduled to

run. An event | gt ben@ha®emhBdi BoYo kohBEnsRRCH! ELTRILREkRELOACH

nodul e in the sc edu I ng oop ents can-con i mer

“events. NpbduP¥ENLA BhE BS{iﬁaai-SQ:.Wh%Eﬁ&?ﬁl&hﬁnﬁﬁﬁeféﬂbeFtpﬁoﬂﬂ 3@§h%m nes

t hat messages are pending for the currently running nodu e can
put a tineg2eygnaceivaleacvent list by calling PUTEVENT() with the nunber
-of seconds to wait before an event is to be generated. The 10 schedul er
nodul e 40 checks the nodul e's event |ist each tour through the round-robin
schedul i ng | oop searching for tinmer expirations. Wien a tinmer expiration is

detected, the The RPU PBX module 42 reads the PBX message from its
5 mailbox 50 and then transmits the message out the serial data

port to the PBX call processor 24.

~ Generating Logger Messages

At relevant points in each of the modules in the RPU
software package,.a message containing pertinent information
10 is mailed to the logger module 44. This information is time
stamped and output to a file. Figure 8 illustrates the

logger data paths.
Console Input/Output Module
The console module 43 input section provides command
15 prompting and recognition along with command validation.

- valid console commands have the capabilify to gquery and

update the RPU database and send messages to RPU mcdules,
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o &
approﬁriate nodul e is scheduled to run and the event is returned to the
nodul e through the GETEVENT() call. 15 The schedul er nodul e 40

contains routines that are used to initialize RS-232 interfaces between thEJ
CCU 18 and the RPU 20 and between the PBX 15 and the RPU 20. These
rqutines, which take exclusive software control over the RS-232 interfaces,
turn off the usual processing of control 20 sequences by the Regul us
operati ng PHet oatputt resultingndrom corsnle difspiay t¢ommarddH Wil deand to
read and wite 90 term nal input and output . The schedul er nodul e 40

al so keepsoutput direictlyysocthe eornsale)polithe RPU nodul es. BCC Interface
Modul e Each BCC nodul e 41 provides an interface between a CCU 5 18 and
the other software nodules in the RPU 20. The nmessages exchanged between
the CCU 18 and the RPU 2Q consists of variable I ength binary data which are
transnitt e§chedular MOAW® onous conmunication link. The BCC nodul e 41 is
responsi bl e for providing nessage integrity over the 10 conmmuni cati ons

| i nk which includes error detection, nmessage sequenci hg and nessage

acknowl edgemrent s, e o N Saddli L ' 865 PiaFefadies ) B8 @ndpbbeafPU 20

5 system module and is responsible for scheduling all the other
RPU modules. The main responsibilities of the scheduler
module 40 are to select the next module to be executed and to

provide inter- and intra-module communication. o

Although all the various RPU modules can be thought of
10 as separate modules, in reality, all the modules are one
application process of a Regulus operating system. It is the

scheduler module 40 which performs the round-robin

dispatching of the other RPU modules. the scheduler module ~
40 manages the stack for each of the pseudo RPU modules by

15 allocating a fixed part of stack space to each of the pseudo
modules at startup time. Then just before each module is o

scheduled to run, the stack pointer is changed by the
scheduler module 40 to point to the appropriate stack address
for the proper module. A memory map of the RPU 20 is shown

20 in Figure 9.
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consis{; of a 9600 baud RS-232 asynchronous interfaégt I nputs to this
nodul e 41 include nessages received fromthe 15 CCU or from ot her RPU
software nodul es. Messages are output fromthis nodule to either the CCU
via the RS-232 interface or to other RPU software nodul es via the proper
mai |l box. The purpose of this nodule 41 is to process nessage traffic
between the RPU 20 and the CCU 18 This nodul e 41 91 continually checks

for messages reggbﬁeﬁrﬁrﬁath 13n%&§ &QUSﬁ%cer”‘gﬁ gklng Bk e RPU

sof tware nodul e. LI kew se 'S nD ule i's continually nessages

from ot herptbeks9f i varetipsnl eentbal dackdes! thed scledaleeUvhich R1lows
,alternating bit protocol is utilized to limt outstandi ng nessages (i.e.,

unacknow edgetheromodalenteabk scheduled ahdqwamce ansodaleowapdpasert bits
serve as the necessary flow control to acconplish this function. The
_protocol isndseverhddwaysgr ebhyecaldtiag GETEVENT/()| whiichg foxcagr ahes. 10

In the follomﬁng di scussion, one entity that can process nessages isS

| abel 1%d ' medude tasblogkdunkdloaheevent discpeadinghepr by caldddng The
protocol can_be expl ai ned bgplndlcatlng the actions to be taken when a

nessage i sWRETE) ywhichnbleckscfor ¢ certains number; ofs seronds .doFehY on

calling BLOCK() which blocks for one tour of the round-robin

scheduling loop.

Another major function that the scheduler module 40

10 performs is inter-module communication between modules.
Mailboxes are used as the means for sending or receiving
messages to or from other modules;' Each module can check for
mail in its mailbox by using the MAILREAD() call. Likewise,
a module can send mail to another module by using the

15 MAILSEND() call. The scheduler module maintains a separate
mailbox for each of the modules that are in the scheduling
loop. When one module sends a message to another module, the

Y message is copied into the destination's mailbox. Later,
when it is the destination's turn to run, the scheduler

20 module checks its mailbox to determine whether there is a
message in the mailbox. If so, the scheduler module 40

generates an event of type MAIL which forces the module to be
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15 tg; conditions. These conditions are deternined by conparing the
sequence and acknow edgenent bits of the received nessage with those

expect ed.
sane as t

message.

message aanbloickess 0 ‘bloaked | ta GETEVENT.(L, wend| thusxpeheduled tew

arrival to be a new nessage. The actions taken upon receiving a message are

On an arriving nmessage, the ACK bit is as expected if it is the
he SEQ bit of our last transmtted nessage. 20 Simlarly, the
SE@ bit is as expected if it differs fromthe SEQ bit of the |last received

In other words, the expected conditions are that an incom ng

now sunmaf®™fed under four conbi nations generated by the above 5

conditions: 1. ACK as expected; SEQ as expected. Mark our | ast transnitted

nmessage as bei ng acknowl edged (enabling us to transmt a new nessage).

Cend) 10 e vengil: a5 Spekien K144 BatRrR e%:sﬁx'xﬁ’e%?gaﬂeékagﬁsiﬁﬂuiast
{ t
CEnal S, O S5 “é"ﬁ%@géﬁé PP not=2ERkS FhAGEChES B

transmtt
nessage) .

5

i0

15

20

of mail or timer events. Mail events are generated whenever

the scheduler module determines that messages are pending for

the currently running module. A module can put a timer event

on the event list by calling PUTEVENT() with the number of
seconds to wait before an event is to be generated. The
scheduler module 40 checks the module's event list each tour
through the round-robin scheduling loop searchipg for timer
expirations. When a timer expiration is detected, the
appropriate module is scheduled to run and the event is

returned to the module through the GETEVENT() call.

The scheduler module 40 contains routines that are used
to initialize RS-232 interfaces between the CCU 18 and the
RPU 20 and between the PBX 15 ané the RPU 20. These
routines, which take exclusive software control over the
RS-232 interfaces, turn off the usual processing of control
seguences by the Regulus operating system. Other routines

are used to flush the 1/0 buffers and to read and write

S0

i e i i s A - e - e e et -
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3. ACK(not as expected;€§EQ as expected. If we have fg? transmtted a
nessage that has not been acked yet, resend it. If we do not have such a
nmessage then sonet hi ng has gone wong at the destination and we shoul d
ReS6t as described bel ow. Process the newy arrived nessage. 93 4. ACK
not; as expected; SEQ not as expected. Qur |ast nmessage has not been
received at the destination. Retransmt it. Discard the newy arrived

recei ve aTEEs'?%%?lwt’f#‘i‘ﬁ 4R el o T HRFiEeL Aodbid 4P add'l
Fur  hor ot e ePho SKAY 5, S st SXA G ﬁ% bi t_of

‘the | ast nmessage that they received fromus. W should toggle this bit
before 10 sendi ng the next nessage. As an exanple, if we receive a
nmessage wh@eee aterfaced Module "'4" (Reset=1, ACK=0O, SEQ=0), then the

"ACK/ SEQ digit on the response should be "1" (Reset-0, ACX=0, SEQ=l). Either
side may reset when it thinks that the protocol has gotten out of step. 15
When we receive a nessage fromthem and have no new nessage pending or a
standard reply EachtBGH@edwke Horpreyides an interface between a CCU

5 18 and the other software modules in the RPU 20. The
messages exchanged between the CCU 18 and the RPU 20 consists

of variable length binary data which are transmitted over an

asynchronous communication link. The BCC module 41 is
responsible for providing message integrity over the
10 communicat;ons link which includes error detection, message
sequencing and message acknowledgements.
i The hardware interface between the CCU 18 and the RPU 20
w
consists of a 9600 baud RS-232 asynchronous interface.
Inputs to this module 41 include messages received from the
" 15 CCU or from other RPU software modules. Messages are output

from this module to either the CCU via the RS-232 interface

or to other RPU software modules via the proper mailbox.

The purpose of this module 41 is to process message

traffic between the RPU 20 and the CCU 18. This module 41
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acknow edge the nessage by sending a special ACK nessage. The ACK

we will
bit will acknow edge the received nessage, but the SEQ bit will not change
fromthe | ast nmessage we 20 sent. This will cause themto process the

acknow edgenent and to discard the newy arrived nessage. The content of o’/
t hils message is a null nmessage. However, as this nessage is 94

di scarded anyway, the content of this nessage should be irrel evant. PBX

| nt er f ace donkdnudbly Fehecksuforidepsagedcsecidved: Erionc dhecOOt18: and

UTX- 250 PBX call processor 24 and the other software nodul es of the RPU 20.
The messagkevtes Hthemdtecthechropert RBUngoftwareamodudesondiikewisean ASC |
character oriented nessage exchange. The ASCII_character is defined here

to be 7 ortQF§ﬂ¥°¢E$$I?SEG?Ht%ﬁBagBX cherkpngc&osomessages EXOMROGRer 20

Toxt of t HPARBbuere eptied; EhaF Bbrcdraninnds fornds C60 Bl AR e |

the RBU 2chReRERaPLANTREe BEBLRARY 28 H331skeR ke aaRy', ButokpbllinR. ™
messages (i.e., unacknowledged) to one in each direction.
Sequence and acknowledgement bits serve as the necessary flow
control to accomplish this function. The protocol is

described in greater detail in the following paragraphs.

10 In the following discussion, one entity that can process
messages is-labelled *we” or "us", and the other is labelled
"they” or "them". The protocol can be explained by
indicating the actions to be taken when a message is
received. There are only four basic actions, which depend on

15 two conditions. These conditions are'determined_by comparing et
the sequence and acknowledgement bits of the received message

with those expected.

On an arriving message, the ACK bit is as expected if it
is the same as the SEQ bit of our last transmitted message.
20 Similarly, the SEQ bit is as expected if it differs from the
SEQ bit of the last received message. In other words, the

expected conditions are that an incoming message acknowledges
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InputsLLo the PBX nodule 42 include nessages received fromthe PBX cal
processor 24 or from other RPU software nodul es. Messages are output from
this nodule to either the PBX call processor 24 or to other RPU software
nodul es via 20 the proper mail box. 95 The purpose of the PBX nodul e 42
iS(tO process nessage traffic between the RPU 20 and the PBX call processor
24. This nodul e continually checks for nmessages received fromthe PBX cal
processor cifr alis¢ OnéSsage Cahd Owé h&liéoéﬂEgBPUeﬁch aell 4erevildebebe a

Li kew se, this nodule is continually checking for nessages from ot her RPU
sof tware ek iwesédge.are destined for the PBX call processor 24. Every
character that is received fromthe PBX call processor 24 is checked for
equality with the greater-than 10 character > which indicates the

begi nning of a nmessage or a carriage return character which indicates the
end of a nessadthe Tactiongutaken uvppabreceivingdri mgssate- aggl bRWNessage

“traffic. Consol e Modul e_15 The console nodule 43 is the operator's
wi ndow i nt&nmpRr tzed cunder ofeusi combinptions graezated bypthe above
capability . :

5 conditions:

1. ACK as expected; SEQ as expected. Mark our last
transmitted message as being acknowledged (enabling us to
— transmit a new message). Process the newly arrived message

(acknowledge it in the next message we send).

10 2. ACK as expected; SEQ not as expected. Mark our last
transmitted message as being acknowledged (enabling us to
transmit a new message). Discard the newly arrived message

{(do not acknowledge it).

3. ACK not as expected; SEQ as expected. If we have
15 transmitted a message that has not been acked yet, resend it.
If we do not have such a message then something has gone
wrong at the destination and we should Reset as described

below. Process the newly arrived message.
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" to disé;ay I nformati on regarding the current state of the subscribers and

the radi o channels, nodify connection and channel states and send nessages

to the PBX 15 and the CCUs 96 18. The consol e processes the input stream
fromthe termnal and executes the desired command. The consol e nmodul e 43 &
profjvi des the interface to the base station operator's terminal. The consol e
nodul e 43 processes 5 the input fromthe ternminal and executes the

command. Data 4s rA¢KiRQtdasr exPaRLeds| SEQ, okt 35t BXPeLStAthse OUr daisdy s

are output to the term nal_ screen and ssages are sent .to ot her nodul es.
The int or MREEAGE hak ROEMEED FRCFANES Af) the,destination . nRetransmit,.

operator's, keyhoard. 10 (2) _Charaacters are output to the operator's
screen. (3*Dat 1§§a¥étFpﬁvgawaoﬁiﬁﬁaeﬁrPFFéﬁanto t he database. (4)

Messages are sent to the PBX, BCC and nessage processing nodul es. 15
A set of parser routines input characters fromthe operator's keyboard. A

G430 PuorBhe: fedeRbaedsthuate Ul 1) MO BN, L7

displ @Y when we receive a message with the Reset bit on, it should be
accepted as a new message regardless of its SEQ bit, and it
should be acknowledged. Furthermore, the ACK bit on the
received message reflects the SEQibit of the last message
that they received from us. We should toggle this bit before

10 sending the next message. As an example, if we receive a

message whose ACK/SEQ digit is "4" (Reset=1, ACK=0, SEQ=0),
then the ACK/SEQ digit on the response should be "1"
(Reset-0, ACK=0, SEQ=1). Either side may reset when it

thinks that the protocol has gotten out of step.

15 When we receive a message from éhem, and have no new
message pending or a standard reply is not soon forthcoming,
we will acknowledge the message by sending a special ACK
message. The ACK bit will acknowledge the received message, ~
but the SEQ bit will not change from the last message we

20 sent. This will cause them to process the acknowledgement
and to discard the newly arrived message. The content of

this message is a null message. Bowever, as this message is
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97 aﬁg,the dat a delisg?ed i nto tokens. By providi‘;\the parser with a
set of data structures describing all possible conmands and valid tokens
wi t hin each command, the parser perforns recognition on the data entered,
responds to 5 guestion marks and di splays guide words for data entry.

Each token is checked that it is the type of data expected; keywords are
mat ched wit'h the Iist of acceptable entires and nunbers are converted to

| nt egers. @my%dyaééxyﬁyuyyli Aders r L Rigation
t akes place; nunbers 1 are ¢ g‘f:iedeto ‘ggnﬁ’fﬁleﬁégg% g %n%ﬁ%\nétﬁgsorre
commands t Herelaivarny, the systemis checked before the command i s executed.
.Commands break into three categories: (1) conmands that display information
fromthe database, (2) commands that 15 nodi fy the database and (3)
commands that send nessages. Information can be displayed on subscri ber,
connect i on PBECEntret facenModulent us. Al | display conmands require
information to be retrieved fromthe database and formatted data output to
the operator's display. The nodification conmands include 20 the ability
to force a subscriber's connection on a particular channel and the ability
to enabl e and diIh& | RBX module 42 provides the interface between the
5 UTX-250 PBX call processor 24 and the other software modules
of the RPU 20. The meésages exchanged between the two
machines are to consist of an ASCII character oriented
N\ message exchange. The ASCII character is defined here to be
7 or 8-bit ASCII. Both the PBX call processcr 24 and the RPU
10 20 must be capable of accepting characters with odd, even or
no parity. The text of the messages consist of variable

length strings or printable characters.

—
The hardware interface between the PBX call processor 24
and the RPU 20 consists of a 9600 baud RS-232 asyncﬁronous
15 interface.
—

| Ihputs to the PBX module 42 include messages received
from the PBX call processor 24 or from other RPU software
modules. Messages are output from this module to either the
PBX call processor 24 or to other RPU software modules via

20 the proper mailbox.
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channe&Sf The nodification conmands are used in testing the 98 frequency
allocation algorithm Al nodification conmands wite into the database.

PBX, BCC and RCC nessages can be sent fromthe console nodule 43 to various-
ot her nmodules in the system A SENDMSG 5 commands pronpt the operator for
al I information needed for the nessage, the nessage is formatted and
forwarded to the indicated nodule. PBX nessages are sent to the RPU PBX
nodul e 42 which sends the nessage out to the PBX . call processor 42. BCC

BOC modul e 41, Thf BHERGAE: RS R TR AOBIR AL /L4 4Q REPTIE RRRAGE
B0 and ROETREE 8o BEvaRs FhR APH.2 € 1 Dbuftl ST st 2470 77
loager moctiee sogids SoREIRMAIY Rildins Nk Hefiabdl e Sied ThoG ne T°
consi St ngr o ERpar Procesett 2 yid Uheds W B RO B o
syst emng war gpfwipeS aid@ule. Likewise, this module is continually

checking for messages from otber RPU software modules that

are destined for the PBX call processor 24.

Every character that is received from the PBX call

o/
processor 24 is checked for equality with the greater-than
10 character > which indicates the beginning of a message or a
carriage return character which indicates the end of a
message. This module is capable of handling full-duplex
message traffic.
~

Conscle Module

15 The console module 43 is the operator's window into the
current state of the RPU 20. The console provides capability e
to display information regarding the current state of the
subscribers and the radio channels, modify ;onnection and

channel states and send messages to the PBX 15 and the CCUs
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99 the | ogger nodul e 44 consists of a set of suerE&ines whi ch are
called fromthe other RPU nodul es. Each subroutine is responsible for tine
stanpi ng the nessage and witing the nessage to the proper disk file. Each
subbfoutine has a 5 gl obal flag which determ nes whether nessages are to
be J ogged or not. The global flags are set and reset by using consol e
coAnands. Message Processing Module (MPM The MPM 45 perforns the

hi gh-1 evel 18al | Theoconsple pFocesses ithes input-atream FPénl thaderrfinal
subscriber stations. It is responsible for call processing functions such
as initiata™@ exgevtes| tbeadesdred compiandnel s and control ling cal

_progress tones for both subscriber and external tel ephones. The MPM 45 al so
processes status nessages that 15 it receives fromthe CCUs 18. For
exanpl e, channe& st at us énforgggion consisting of link quality or

subscri ber hook*8afR8spPiepmg & 3pprovddesythe inte e%q $he hagezed
as a state Lpe re PBX and BCC.nmes es are  tokens  to the nessage
processi ngsgggéRZB%gﬁgeﬁi ﬁe%ewaﬁPM i%gpﬁ?&@&l@s 1o, ¥ PrRFeRRES | ng
the 1@9 the input from the terminal and executes the command. Data

is retrieved from and written into the database, displays are

output to the terminal screen and messages are sent to other

modules. The interfaces for this module include:
(1) Characters are input from the operator's keyboard.
10 (2) Characters are output to the operator's screen.

(3) Data is retrieved from and written into the

database.

(4) Messages are sent to the PBX, BCC and message

processing modules.

15 A set of parser routines input characters from the
- operator's keyboard. A data entry prompt is displayed at the
beginning of each command line, the data is buffered, the

editing characters processed, the input echoed to the display
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datab&ge, out putting the necessary responses and theén transitioning to the
next state. The MPM 45 uses the system nail boxes, which are naintai ned by

t he scheduling nodule 40, to receive and 5 transmt nessages to and from--,
ot her RPU nodul es. Also, the MPM 45 utilizes subroutines in the database
nqdule to retrieve or update state information in the database. As

prievi ously described, the MPM 45 is organi zed as a state machi ne. Tokens,
whi ch forgxed sehie dacacdeligitedbdnto tokensqr MBY prondidirig hegaagns, of
timeouts. The MPM 45 determnes the type of token (i.e., timer, RCC
nmessage, withnessegepfetiatp stiucikaresbdesicdrdbisigitaldn possiblleel that is
affected by the token. The MPM 45 processes the token by generating the
proper necemmandespods¥elidd tokensi widhing easchl Tommared netdie patser The VPM
45 actually consists of two states tables. The RCC state machine, which is

shown i n PREfPEMEOTreregndsdonoop: $hes datas enteread o FasROmX ¥l | processor
machio, GRRERLPD BASKT AACFAJARISTE SUldssMendr ik At hatges TAH ved
froma CI%L gﬁ %glchecked that it is the type of data expected;
keywords are matched with the list of acceptable entires and
numbers are converted to integers. Once the command line

entry is complete further verification takes place; numbers

10 are checked to be within range and with some commands the &

state of the system is checked before the command is

executed.

Commands. break into three categories: (1) commands that

display information from the database, (2) commands that

15 modify the database and (3) commands that send messages. ~
Information éan be displayed on sﬁbscriber, connection, CCU
and channel status. All display commands require information
to be retrieved from the database and formatted data output
N

to the operator's display. The modification commands include
20 the ability to force a subscriber's connection on a
particular channel and the ability to enable and disable

channels. The modification commands are used in testing the
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Initiaﬂly, all subscribers are in the RCCidle statéE;nd all channels are
in the channel idle state which indicates that no connections are set up or
in. progress. The changes of state for a typical external to 5 subscri ber
caM’ are as follows. An external call nmessage i s received fromthe PBX
caI{ processor 24, which nessage includes the phone nunber of the
destination subscriber station of the call. A PACE nessage is sent out to

Lo pace. Ehenahely BIABEREIOR RdhE: by cCaTy RORI AR RRRS S, BRmPRpRE

station, a f e ber station is set to ACTIVE. At this
poi nt, ﬁgﬁgéligtgagég aighﬁﬁk *the PBX call processor 24, CCU 18 and the

subscrlber station are |nforned of the channel assignnent. The channel is
pl aced 15 into the RING SYNC-WAIT state (Fig. 11). Wen the CCU 18

i ndi cates that ?!ﬁ?hbéﬁiiﬁh'ﬁﬁchﬂésgﬁgﬁsaEQﬂlbédsehﬁef§6ﬁﬂQﬁh TonlsdleS set
to SYNC RRNG Finally, when th I ndi cates that the subscriber has

gone of f homéduléed4Bhabnearisuscothert MeabIte OhFilheKsystet. RNGERDMEG
OFFHOCK state 20 i ndi cates that a voice connection Is established. 102
5 commands prompt the operator for all information needed for
the message, the message is formatted and forwarded to the
indicated module. PBX messages are sent to the RPU PBX
module 42 which sends the message out to the PBX call
processor 42. BCC and RCC messages can be sent from the RPU °
10 20 to the CCUs 18 via the BCC modules 41, which add the link
level protocol bits to the outgoing messages. Input from the

CCUs 18 is simulated and messages, including both BCC and RCC

messages, are forwarded to the MPM 46,

U
Logger Module
15 The logger module 44 is responsible for logging RPU
K/ events or messages. The logger module 44 maintains the

following three disk files: a transaction log with
information similar to billing information, an error log
consisting of error messages, and a message log which

20 consists of system warning messages.
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A suﬁ§criber-to-subscr|ber call begins wth a CALJEEECUEST message being
received fromthe originating subscriber station. The originating
subscriber station is placed into the DI AL state and a RADI O REQUEST .;)
nessage is 5 sent to the PBX call processor 24. The PBX call processor

24 then returns a PLACE CALL nessage for the originating subscriber station
and an | NCOM NG CALL nessage for the destination subscriber station. In
response to tghePléggetAmbdulesdde consiztnaf is st mbitsubravtands cal |
processor 10 24, the CCU 18 and originating subscriber station are

i nf or nedwbichheres cajlednifroihdhehothelr RPA anaduler. orBaghAubrputine i ber
is set to OFFHOOK SYNC WAIT until the channel goes into synchronization.
Wien t heibazespoasiblecdori$ime &tamping tth Mg IndWEHelng | ¥h®at i ng
subscri ber, 15 it generates a SYNC QFFHOCOK channel event nessage. The

RPU 20 pme&sages ton Rrope (d Rk fHidere BACR BRRFOREINR RA%R of the

h | to th NC OEE tate., An i ' | | f th
oatd nat BORDATLEHA%, RRLSE ASHF HRINAR SARRPT (PEFRAGSRATR P8 ¢ he

t | | | a ' b . 1] , |
Thvol ved RSB Gty | Po AL (Hiagf SRE sst R s eEnd M BlATC 2
are in suaeiAW Znnihast03

Message Processing Module (MPM)

The MPM 45 performs the high-level call processing
10 functions between the PBX 15 and the subscriber stations. It
is responsible for call processing functions such as
initiating pages, allocating voice channels and controlling
call progress tones for both subscriber and external
telephones. The MPM 45 also processes status messages that
15 it receives from the CCUs 18. For example, channel status
information consisting of link guality or subscriber hook

status is processed by the MPM 45.
The MPM 45 is organized as a state machine where PBX and

BCC messages are tokens to the message processing state

20 machine. The MPM 45 processes the tokens by updating the
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+ A di sgonnection begi n$- when one of the parties inng;ed I n a connection
goes HOOK. When a phone that is external to the systemis hung up, an
ONHOOK nessage is received by the MPM 45 fromthe PBX call processor 24.
Waén a subscriber 5 goes ONHOOK, the CCU 18 sends a nessage which

I ndi cates that the subscriber station is ONHOOK. In either case, the other
pdrty is informed of the disconnect, the channel is placed into the

DI SCONNE a Cgy | ' L Ok O TEARDOVN
state. 6§E§?§%£?f£§?%. |ﬁ%§€af%§eﬁséée%%g? gé%@ﬁ?ﬁﬁ?zgﬁéoﬁﬂﬁgs been | ost,
the channgtamdifeib®iny bes the€ néket s88eal e pl aced back into the idle
states. Background Tasks A background task routine is inplenented by the
MPM 45. The background task initially conmmunicates with the CCUs 18 15
after a cold or warmrestart. Also, once the systemis operation, the
background t asthetMP¥ 045 ubes Cthe d¥stemomailbokes kewhicheareat abase current
- and a RCC assi gned. BCC nessages, generated by both the CCUs 18 and by the
BCC nodulmaintiained brcthecscheduiing BoduleddéPestalreceive andages are
sent to the CCUs 18 via the BCC nodul es 41. 104

5 transmit messages to and from other RPU modules. Also, the
MPM 45 utilizes subroutines in the database modulé to

retrieve or update state information in the database.

WA As previously described, the MPM 45 is organized as a
state machine. Tokens, which force some processing to be

10 performed, consists of messages, or timeouts. The MPM 45
determines the type of token (i.e., timer, ﬁCC message, PBX
message, etc.) and the subscriber station or channel that is

affected by the token. The MPM 45 processes the token by

—/ : '
generating the proper message responses and transitioning to

15 the next state.
o The MPM 45 actually consists of two states tables. The

RCC state machine, which is shown in Figure 10, is used to
process messages from the PBX call processof 24 or RCC
messages from a subscriber station. The channel state

20 machine, which is shown in Figure 11, is used to process

messages received from a CCU 18.
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Data {S*witten into and retrieved fromthe database. Initially, all CCUs
18 aresent BASEBAND QUERY nessages in order for the RPU 20 to determ ne
the current state of the system All information received from baseband

event or

5 response nessages is stored in the RPU database. When the RPU

23 recei ves a baseband event nessage, which indicates that a CCU 18 is
rdady and not reset (i.e., the CCU 18 -has not just powered up), the -
frequency assigned to tpe CCU.20 is marked as allocated.: The CCU 18 is then

t CHANNEL QUERY,1 neggages i der t d b to th
Current State TRAFABLLysi oY Subscrifiern axe 4 e B AR RGE AREC)

18 has ei

dot or mi neB HEPSPRB 1878 1P tHBEh R Rk MR nd{sdges

i ndi cat ed
I's assign
18, then
choice is
frequency
The next

shbs BB FRBRE10rs" 3 e e o Arblrens LIS ROUT o e B

the RPU 20 attenpts to assign the control channel. The first
to assign the control channel to the CCU 18 on the first

, SinNgRel Rhanges e Stlate R8I W idigiiddY dxdeamiel fes 20 the RCC

choice is any 'CCU 18 with slot 0 not in use and the |last choice is

a CCl4 18 wubBegibeinealloare a¥ doXlovwsd. alAn twteyabicalhiméXkingd 8is

al ready h

10

15

20

ave a connection 105 _ _
received from the PBX call processor 24, which message

includes the phone number of the destination subscriber
station of ﬁhe call. A PAGE message is sent out to the W
subscriber station and the state of the subscriber station is
set.to PAGE.. When a CALL ACCEPT message is received from the
subscribef.station, the state of the subscriber station is
set to ACTIVE. At this point, a channel is assigned, and the
PBX call processor 24, CCU 18 and the subscriber station are

informed of the channel assignment. The channel is placed

.into the RING SYNC-WAIT state (Fig. 11). When the CCU 18

indicates that synchronization has been acquired, the channel
state is set to SYNC RING. Finally, when the CCU 18
indicatés thatlthe éubscriber_has gone offhook, the channel
is set to the smé OFFHOOK state. The SYNC OFFHOOK state

indicates that a voice connection is established.
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on sl{ot;
contr
with all

J

0, then one og\t he connections on 'slot O igterm nated and the

channel is assigned to that slot. Once the RPU 20 has conmuni cat ed
the CCUs 18, the state of the CCUs 18 is nonitored via status

essages 5 received fromthe CCUs 18 or the BCC nodules 41. The BCC
ngdules 41 are continually nonitoring the communication path to each CCU
A CCU 18 is considered out of operation when a baseband event nessage

is received i adigutiscrg BemitotRubEdtitiér icalDtbeginly with & CALL i e,

CCU 18 is marked as not 10 ready in the database. Further, all :
connect i REQUEST messayevbeirid rdceived from rtfieroribimadirmg default state

and the frequency assigned to the CCU 18 i s deal | ocat ed.

t he

If the CCU 18

cont ai neéublserdden ¢tatiomel , Thehar igirat ingtsusahiberistattorsiimed. 15

When a baseband event nessage i s received, which indicates that a CCU 18 is

ready an®Placed inte they DEAL state pandl & RARIQ ARQUEST mespagmti®| channel

~1s currently assi ned to a then slot O of the reset CCU is assigned
the &ont B&P % th f§1§#?° vi

%Fﬁ%&é%%nd@&ﬁﬂﬁ Xy PHACERRKT

i ch | g wtlihe % SAGE BEL £EbodqiHL Bl S Ty P 20

subscriber station and an INCOMING CALL message for the-

destination subscriber station. 1In response to the PLACE

~CALL message, a channel is allocated, the PBX call processor

‘ij

15

20

24, the CCU 18 and originating subscriber station are
informed of the assignment. The channel state of the
origin#ting subscriber is set to OFFHOOK SYNC WAIT until the
channel goes into synchronization. When the base stafion CcCu
18 detects the transmission from the originating subscriber,
it generates a SYNC OFFEOOK channel event message. The RPU
20 processes the channel event message by changiﬁg the state
of the channel to the SYNC OFFBOOK state. An incoming call

message for the destination subscriber station is processed

'in the same manner as the external call message as described

above. In addition, the channels fhvdived ih the connection
are set to internal mode once both subscribers are in

synchronization.
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CHANNéEfQUERY messages (i.e., one for each of the four channels) are sent

to the CCU 18 to update the RPU database with the current state of each of
the CCU s channels. As a response to each CHANNEL QUERY nessage is W)
received, the 5 current channel state and connection information is
upgdated in the database. If a channel is in the SYNC WAIT state, then it is

assuned that tRe g%gﬂﬂ 3 el | ' _ It © | d the
connection is thofl_% om.elé%r%dt‘_'-‘lsa ir@%‘e}{e 1ﬁ1réeﬁhqfeﬁeg # ?%ﬁn?ﬁ}'e PU 20
for 10  §hepr cofnection Jors ONHDOKCUNHeh A Shorie Celidlt oY@ Néxf@SPRPes
whenever they power up or change state. The exchange of -nessages keeps the
RPU dat abggethe sy stint iW Hurig@ip Urde ONHOOK Gnéisdde Dy Siéfeidid dpse
Modul e 15 . The. dat-abase nodul e 46 contains the database interface
routi nes mhecMPM W5 drotatthes BBXaakl priduesgom\24e Mivemca Seubscriber

- single-thread interface into. the database for any nodul e requiring access
to the i ngoesaONROOK i ihe COIE 18 dends tdhonessage whith nindicatesnimated
with the SIN table-and 20 the BCC Table. Access to all fields within

t hese tabithe sahacrihex shatinn He QAR | s eitlrer case, the other

party is ihforﬁed of the disconnect, the channel is placed .

P

into the DISCONNECT state and the subscriber station is
placed into the TEARDOWN state. When the CCU 18 indicates

10 that éynchronizafion has been lost, the channel and the

subscriber station are placed.back into the idle states. S‘J
_ >
Backgroﬁnd Tésks
A baékground task routine is implemented by the MPM 45.
The background task.initially.communicates with the CCUs 18 \o
15 after a cold or'warm restart. A;so, once the system is
opération, the background task monitors the CCUs 18 in order.
to keép the database current and a RCC assigned. .
N

BCC messages, generated by both the CCUs_lB and by the
BCC modules 41, are received from the BCC modules 41.

20 Messages are sent to the CCUs 18 via the BCC modules 41.
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The d@t abase nodul e i sgazl so responsi ble for dat abas@i nitialization at
start-up. Al significant fields are initialized to appropriate val ues by
the initialization portion of the database nodule. 5 The dat abase
nedul e al so provides the following: (1) Routines to support TTY
initialization; (2) A binary search routine for subscriber searches in the
SKEN table; (3) Routlnes and tables to support frequency-to-CCU 10

mappi ng; (4) o) ' Lap ' I ' n requency
Al l ocati on. Tﬁ@ % a%ggﬁg ghié gg%a&géfkgggFggEéﬁpFQ%tg Qg):‘i/vEléh al | ow
control | ed access to t he database by other nodules. By 15 channelling al

accesses through the database routines, t:he database is essentially hidden

from outsi de ”Dﬂﬂltﬁﬁll?]_h'hilabbg‘é’s 18Nardakahes 8ACEEANY QUENY! hedwabRSUi i ng
nodi fications to any of the other nodul es. Wien the dat abase changés, only

the interincerdeunt foe thet hsuchengeddﬁtbmaaeofthbhe\ﬂ-&bﬁha%%%e ofNeads 10
- be changed. 108
system. All information received from baseband event or
5 response messages is stored in the RPU database. When the
RPU 20 receives a baseband even£ message, which indicafes
that a CCU 18 is ready and not reset (i.e., the CCU 18 has
not just powered up), the frequency assigned to the CCU 20 is
N marked as allocated. The CCU 18 is then sent CHANNEL QUERY
10 messages in order to ﬁpdate the database to the current state
of the system. CCU initialization is compleﬁé once each CCU
18 has either responded to all bﬁtst&nding qﬁéry messages oOr

it is'determined that the CCU 18 is down. At this time, each

CCU 18 that indicated it was ready and reset (i.e., the cCU

~ 15 had just powered up) is assigned a frequency. If no control
channel has been assigned to a CCU 18, then the RPU 20
attempts to assign the control channel. The first choice is

O to assign-the control channel td the CCU 18 on the fir#t-

frequency, éince this is where the subscriber first looks for
20 the RCC. The next choice is any CCU 18 with slot 0 not in
use and the last choice is a CCU 18 with a connection on slot

0. If all the operational ccus 18 already have a connection
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Frengnby Al l ocation Task The frequency allocation task perforned by the

RPU 20 sel ects an appropriate frequency and sl-ot for a subscriber station

that requires a voice channel. The selection 5 al gorithmtakes into

consideration call type (i.e., internal or external) and nodul ati on |evel

(p-e., 16-ary or 4-ary). Al though the frequency allocation task is

VUnctionaII pendent from dat abase dule 46, it closely tied to
t he dat a°§t EFU es‘:%ﬁ"n I?eé(f?}l%ltﬁ%’ﬁ‘ec%s@oﬂ? |% fﬁ) fact, this
function,i s dest ar at el om t he abase, ve gh it
unct | OSBRSS Aleedf AR LR LR & BYRE ALRES
allocation task is used by the MPM during call setup. It makes extensive
use of the data structures 15 within.the database nDduIe Al frequency

al locat i on T eieyl S el A0 Corthul 60 6 S90ER 0811 THRe feCuk 18, the
ext ernal - source cat egory and the second'ls the interna est1 natlon

cat egor ythzhetlameermla@mmtwme%&m&é&vew st@tué\%’é%ﬂﬂg@é” (i.
20 destination) of an internal call. - The external-source 109

5 received from the CCUs 18 or the BCC modules 41. The BCC

o/

modules 4; are continually monitoring_the.communication path

to each CCU 18.. A CCU 1B is consiéereq out of operation when

a baseband event message is.received_indicating that the CCU

18 is not ready. At this'time, the CCU 18 is marked as not U
10 ready in the database. Further, all connections are torn

down, all channels are returned to the default state and the

frequency asszgned to the CcCu 18 is deallocated. "If the CCU

18 contained the control channel, then a new control channel :

is assigned.

-~
15 When a baseband event message is received, wh1ch
1ndxcates that a CCU 18 is ready and reset the CCU 18 1s _
a551gned a frequency. If no control channel is currently .
assigned to a CCD 18, then slot 0 of the reset CCU is S')
assigned the control channel.
20 If a baseband event message 1s recelvec, wh;ch indicates
that a CCU 18 had lost communication with the RPU 20, then N
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categoky covers all other cases which includes external calls whether they
are incomng or outgoing or the origination of an internal call. Input into
the frequency allocation task consists of an 5 index into the SIN table
of~t he- subscriber station requesting a channel and the index into the SIN
tahle of the originating subscriber station. The index of the originating

b ib ' j |i h h | is bei f
Subsor berCRbEErohERS b keg, 1SR L EpR BB agch, BY W P’ T "
fﬁgz)‘z;'sbercﬁ €155 ﬁrQrEQﬁ}' QPdthU- ?&ﬁ' 1'3?‘@‘8Xu§%fd&e§h[%sa% Wk[‘wbaslhese

provide access to all "tThe rntormation require o al’l ocaté an

appropri atg; ehapre! clikrént Eesquigeyeiagﬁaa'fzoﬁe Her e @it 8l | aGatal on

=routine returns a value of TRUE requency-sl ot conbination iIs

successf ul t¥spbho€atedeath CAANNBE QOERE flelddadesds reécedvedGaitdie the
frequency and slot selected are put into the SIN table for the subscriber

-stati @ r ecueséhtgchlnnélegtatey ands connernt i onadh foratdaty iiss updaitddl into
four TDM slots. The RPU 20 dat abase mai ntains a count of how nmany slots
are avai | abhethe dathbpeei.ti 3f. a\\ebanaelalilsodat ithre SANC-WAITalstats,t hin t he
110 | .

then it is assumed that the subscriber is no longer involved

in the connection and the connection is torn down.

Initially, the CCUs 18 are queried from the RPU 20 for
10 their initial states. The CCUs 18 alsc send in event
messages whenever they power up or change state. The
exchange of messages keeps the RPU database up to date with

. the current state of the system.
- Database Module

is The database module 46 contains the database interface
routines necessary for database access. They provide a
o/ concisa;single-thread interface into the database for any
module'requiring access to the information within. The bulk
of the access routines are concerned with the SIN table and
20 the BCC Table. Access to all fields within these tables is

provided by the access routines.
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exte#nal-source category, a slot is selected fromthe slot position with
t he greatest vacancy count. Once a slot position is selected, the first
frequency with that slot available is selected. Actually, it doesn't natthj
which 5 slot is selected when a request falls within this category.

wever, this technique tends to distribute the system | oad evenly across
al'l slots and, nore inportantly, it increases the probability of optinmal
sl ot assignnments for both parties of an internal call. This is true because

L9, : h : Y
SYStem LI 19 el Gl Y bR DU n U GabiBhet BEeCEb: Baribdle

statl on SA{eilyidaidh 407 sEAFL-aH2SCRIRCE pH EICaRR R 1804 ARl [T Erent
frequenci‘es. "By ‘assi gni ng t%e orighnator o subscri ber-to-subscri ber cal

to the { e ees! ifeel Yaddes! B¢ RheP2RitERYizatdbmat er than
when thgqé?he c&%ggée%ieeggﬁ§?ﬁation subggri er station mfll be able to

al |l ocate ﬁmi&ar@fs{m aacabase medagether frequency. For exanple, if
position No. 2 is the nost available position then it is selected. Wen the
destination subscriber 20 station's allocation request is processed, it
IS nore probable that another slot in position No. 2 is available to be
sel e®t ed, thusThe|datahasecmogulenklspoprovidest thesifgldomings occur.

(1) Routines to support TTY initialization;
(2) A binary search routine for subscriber searches in K;)
the SIN table;
(3) Routines and tables to support fregquency-to-CCU
10 mapping;
(4) Control of diagnostic display informatiqn:'and ' s

(5) Fregquency Allocation.

The database module 46 is a collection of routines which
allow controlled access to the database by other modules. By
15 channelling all accesses through the database routines, the
database is essentially hidden from outside modules. This
allows the database to change without requiring modifications
to any of the other modules. When the databasé changes, only
 the interfate routine to the changed portion of the database

20 needs to be changed. _ ' - s
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When an al | ocation request falls within the internal-destination category,
the slot to be assigned is chosen froma selection table. A selection table
contains lists, ordered fromthe nost to the |east desirable slot 5
pesgition assignnents for the destination subscriber. This ordering is
baged on the slot assignment of the originating subscriber. Up to this
poi nt, nodul ati on type has not been nentioned. This is because the basic
al l ocation rules do not change for 4-ary and 16-ary sl ot selections, except

for one 1 i npor t exception. . That is, only-slot O or slot 2 may be

aIIocatedgFSFugRENé gﬁﬁhﬁSE?ﬁon. Because of this exception, and due

to the fact that the two subscribers could be set to different nodul ation
= types, a total of four unique selection tables are required in order to

COen o b For e bl PP ey, RS W e
- choice  gBReets af'QpptoPrdlat: frequdhcy and shot for a3 subscrilber
- station that requires a voice channel. The selection |
5 algorithm takes into consideration call type'(i.e;, ihternal
or external) an8 modulation level (i.e., l6-ary or 4;ary).
Although the frequency allocation task is functionally
P independent from the database module 46, it is closely tied
to the data structures within the database. Because of this
10 | fact, this function is described separately from the database

module, even though it is technically a routine within the

R database module 46.

— The frequency allocation task is used by the MPM during
call setup. It makes extensive use of the data structures

15 within the database module.

N\ All frequency allocation requests fall-within ®ne &f two
categories. The first is the external-source category ané
the second is the internal~destination category. The
internal-destination category covers the incoming part (i.e.,

) 20 destination) of an internal call. The external-source
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5 O slot 1 1 o 2. 3. - .

-- -- slot 2 2 1 3 0. slot 3 3 0
2 1 rating--> (1) (2a) (2b) (3) 16-ary (destinatio
from16-ary (originator) internal call "10 preferred sl ot

selection table Note that each columm of every table has a rating

associ at&i:d@i%i éov&%{s Saift Bﬂﬁg?:réia%@seﬁhtil&ﬁ d9i1das idntednad RALLIL Ul ar

slot. The no esirable siot w have a rating of 1, and | ess desirable

sl ots wiyHethe® tRéyNSfeCindomifig ot ctitgoing or\ahe ofiginaticmodf a
selection table have equal desirability, they will have the sane rating

nunber fgi | DyvesrRaladadliphabeti cal character. For exanple, if three columms
are rated 2a, 2b and 2c respectively, all three of these colums have an
equal desirability, and their ordering 20 (a, b, c) is arbitrary. 113
Table 7 Originating 1st 2nd 3rd ~ 4th slot choi ce
choi ce chQiInputchoteetbaoﬁrsquency(;1locatiqp task consists of an
5 index into the SIN table of the subscriber station requesting
a channel and the index into the SIN table of the originating
subscriber station. The index of the originating subscriber
station is only valid when the channel is being set up for an
internal-destination call. At all other times, the
10 originating subscriber index is a predefined illegal index
defines as DB NULL. These indexes provide access to all the
information required to allocate an appropriate channel

{({i.e., freguency and slot).

The frequency alleocation routine returns a value of TRUE o/
15 if a frequéncy-siot combination is'successfﬁliy allocated.
It réturns FALSE otherwise. If allocated, the fregquency and
slot selected are put into the SIN table for the subscriber

station requesting the freguency assignment. . o/
Each frequency is divided into four TDM slots.. The RPU

20 database maintains a count of how many slots are available in

each position. When an allocation regquest falls within the
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5 O slog\ 2 3 0@ 1 rating--> (la)

(1b) (2a) (2b) 16-ary (destination) from4-ary (originator)
internal call preferred slot selection table Table 8 10 Origi nating
15t 2nd sl ot choice choice slot 0 0o - 2 slot 1

0 . 2 slot 2 2 0 15 slot 3 2 0
raﬂing--> (1) (2) 4-ary (destination) from 16-ary (originator)

i nt erextexnal-gource rcategorys:adl slotsis sedpcsed €xonpi thei ot 1Ist

2nd sl ot choi ce choice slot O 0 25 slot 2

2  positvionivith the greatest vagangyaeoungest Pngei 8nPletom 4-ary
4(°rig%é??é?%niﬁéeégfécﬁgﬁt the first frequency with that slot
available is selected. Actually, it doesn't matter which
5 slot is selected when a request falls within this category.
However, this technique tends to distribute the system load
evenly across 2all slots and, more importantly, it incréases
the probability of optimal slot assignments for-both parties
of an internal call. This is true because system timing
gQ\) calculations have shown that the optimal slot assignment for
a subscriber-to-subscriber call is to have the base station's
trénsmit slot for each subscriber in the same slot on
different frequenciés. By assigning the originator of a
subscriber~to-subscriber call to the most available slot
15 position, the probability is greater than when the time
comes, the destination subscriber station will be.able to
allocate that same slot positioﬁ-on anéther frequency. For
example, if position No. 2 is the most available position
then it is selected. When the destination subscriber
20 station's allocation regquést is processed, it is more
probable that another slot in position No. 2 is available to
be selected, thus allowing the optimal slot-to-slot

assignment to occur.
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preferﬁed sl ot selection table The frequency allocation task has two

I nputs. These 10 I nputs provide access to crucial information required
for proper frequency and slot selection. The first input is the index into
the SIN table for the subscriber station requesting a channel. Wth this
I ndex, frequency allocation can determ ne the default nodulation 15 type

of the requesti subscrig It also tells he r,0 hlne where to put the
results of its %c??oﬂ ﬁﬁF?Pﬂnﬁeﬁpeét fﬂ Fr!& By thed sl ot nunmbers).
The second, i 0 th enc || gcati cates .t he egory of
the frequet §£ 5% ‘?ﬁﬁ éﬁggogxm Sf siﬁg 580 ﬁd‘lsﬁdﬂf'ﬁiailﬁ tghe)r/ an

| ndex 1 nt o é‘?e ;g' | néigbLese%cﬂohstEpzepr eyl Qgik\ét‘lﬁ%o%gl' | 'cﬁg.al‘ﬁaé ue DB

NULL. 1f & X 1S received € frequency allTocafon request

|s identify fﬁt@s 6P§%Fg§t gﬁoul Sin@ﬁtoioa&ﬁ&b?% hegesqrapiec iy call

and t he se ectlon ta e utilize NULL IS recelved, the
request i Spé@IEigR 88signhahts mb& the @¥seanakisAlEupseati®ed’y amighe 5

nost avail able slot position' algorithmis utilized. The frequency

al|OcatlOnofwékxﬁgtnsnbaEBUEonfthe slot assignment of the originating
subscriber. Up to this point, modulation type haé not been
mentioned. This is because the basic allocation rules do not
change for 4-ary and l6-ary slot selections, except for one

10 important exception. That is, only slot 0 or slot 2 may be (U

allocated for a 4-ary type connection. Because of this
exception, and due to the fact that the.two subscribers could
be set to different modulation types, a total of four unique

selection tables are required in order to cover all possible

15 call combinations. They are as follows:

112

*”



frequéncy-slot
FALSE
successful ,

fiMed in for the requesting subscriber.

€

conbi n

can be broken down into twa stages.

classification stage,
The second st age,

if an autonmati
“subscri ber has
manual - modul at
specify the fr
“frequency- sl ot
subsagyiber. If
exits returni
put into auto

‘10

associated with it.
of a particular slot.

rating of 1,

15

3, etc.
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ation is successfully allocated, otherwise it returns
It al so causes one desirable side effect.
t he baseband i ndex 10

If allocation is

and slot fields of the SIN table are

The first

;,% 0CQ

o1k
uency .auq
ntq be g

eci foi ed

hh-bhe-hé
ssiflicati
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st age,

The frequency allocation algorlthm
called the

15

finds and all ocates a
frequency-sl ot conbi nation using the appropriate al gorithm as determ ned by
- the allocation request category. The classificatron stage first determ nes

Woile
Jﬂﬂﬂ&i-

| | ogat ed.
R -2SSlg
S th;avq
| GBSt
on I3s req

g; gry of the allocation request.

ur3rlf tre r%ﬂuest

Jighotee_

| f ot he
ed.ta.the
il algyl e,
SR SGml
ui r @d.

preferred slot selection table

ing 20
val ues

requesting

tthe routi ne

r has been

l6-ary (destination) from l6é-ary (originator) internal call

Note that each column of every table has a rating

This rating indicates the desirability
The most desirable slot will have a
and less desirable slots will have ratings of 2,

If two or more columns of a2 selection table have

equal desirability, they will have the same rating number

followed by an alphabetical character.

For example, if three

columns are rated 2a, 2b and 2c¢ respectively, all three of

20

(a, b, ¢) is arbitrary.
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Nte(}mteﬁﬁningth

( 3

at an automatic selection is to occur, the frequency

all ocation algorithmdeterm nes the request category. These request

categories are as follows: 10

en an originating subscriber station calls an external

nﬂternal-out" appl i es when an origi

"External -In" applies when a destination
- subscriber station is called froman external

phone; "External -out" applies

phone;

t ubscri ber station calls another
subscri ber station; 'Internal-in" app ?gg en 15 a destination
subscri ber stati i led f T 0om apot supscglRer stagipn. (I f the
request is an%&ﬁﬁiﬁégiﬁax (g%ﬁg I c%iﬁb i1t§%§a e ot ﬁggégo position is
sel ected by sqargl Jnliiu-tlELJEEi-fuﬁufiéﬁﬁ DosLiLop].Cnce-Lbe positionis .
sel ected, all ffreguang es jre gequeptiajly sparcped uptil 320 a vacant
slot (or adjaden.sSlai-paif-dindbe fase.of.dlary-Lrequést)y.af.the desired
posigion is fdqungg1ct 2 his}point, the rputinp pups th¢ approprijate val ues .
into the SIN tjlahle-ahdoXd | v e Bt il [ Ag-a=va | de-of-dRUE~~+E-tR¢ equest
falls i nto jt heedtixed-<xf egOla) (i ptefrr) -i ), (Rayther. (@BPrmption is

requi red. When an internal-in type request is nmade, two further bits of
i nf or mat i ol 6araxry etieseinatiinn)| Sroms4rynyehorigingtori hintednadt cadlt ype
(4-ary or 16-ary) of the prefgervednglot selection table

Table 8
10 . Originatiné-_ .lét'- .Zﬂd

slot choice choice

Tslot o | o | 2
Telet1 | 0. | 2
Telot2 | 2 | o
15 “slot 3 f 2 o
| Trating-->| (| @

4-ary (destination). from 16-ary (originator)
preferred slot table
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subs({ﬁber must be eég:acted. Once this is acconér;shed, t he appropriate
sel ection table is deternined based on the nodul ati on type of the
originating subscriber and the destination subscriber. After the table has
n selected, 10 the slot assignnment of the originating subscriber is
used to determ ne the appropriate row of the selection table to use. Each
sgquential el enent of the selected réf\g rbral ns an equally or |ess
desirabl e slot assignnent. This |i aversed until.an avail abl e sl ot

is found, begi n th 15 the st sirabl e position and conti nui ng

until all sl OP’B‘Q%Z% $$ 2 dfé For each sl ot position (or

slot pair for tonne IS ) ___jﬁgﬁl ncy is sequentially searched

~until the act(al It o or slot pair) is fou - The derived frequency and
Jﬁ%_ propriate SIN table entries,

sl ot values a
and ¢ he routine e4idis.2 returnlzwg a fal yg of ITRUE. 118 A "slot count”
wdal. slots for each slot position.

- array keeps trackaf.tha
These counts gre p@iitigH uu)the atghase jnodul e and are referenced by
the frequency allocation task. 5 The SIN table contains pertinent
I nf or mat i od-arycafdesyination) from 4-ary (originator) internal call
) preferred slot selection table

P 4

The frequency allocation task has two inputs. These
10 inputs provide access to crucial information required for

proper frequency and slot selection.

The first input is the index into the SIN table for the
subscriber station requesting a channel. With this index,
frequency allocation can determine the default modulation

— 15 type of the requesting subscriber. It also tells the routine
where to put the results of its selection algorithms (i.e.,

the freguency and slot numbers).

The second input to the frequency allocation task
indicates the category of the frequency-slct.request. The
20 _value of the second input is either an index into the SIN
table, or it is the previously defined illegal value DB NULL.

If a valid index is received, the frequency allocation
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t he sqgscribers recogni zed by the system The follow ng accesses are nade

to the SIN Tabl e. nodul ation-level (read): The nodul ation | evel of the
subscri ber requesting a fre- 10 guency is W)
extracted fromthis table along with the nodul ation | evel of the .
originating sub- scriber during internal-call setup. 15 sl ot-nunber

(qead) . The sl ot assignnent of the originating subscriber in an

i nt er nal -vedrtestt dp ddentidfied axcthe deptinatdlost -sidebef @vite) : The

sl ot assignnment of the subscriber requesting a channel is put here.
_baseband-$mwrmrrsp-smsmgﬁgv and ¢heemelgction 3ables should
subscri ber requesting a_channel i s put here. The BCC table is used by the

frequencyP®l WoEAEREA s o_&tfi PEs Nildr dif rscedyeslritht i eqrestudity- sl ot )

Conblnatlgghsidered to fall into the external-source category and the.

5 "most available slot position™ algorithm is utilized.

The frequency allocation task reiurns'TRUE if a
frequency-~slot combination is successfully allocated,
otherwise it returns FALSE. 1t alsc causes one desirable
side effect. If allocation is successful, the baseband index L;)

10 and slot fields of the SIN table are filled in for the

requesting subscriber.

The frequency allocation algorithm can be broken down

into two stages. The first stage, called the classification

stage, determines the category of the allocation request. - ~
_ 15 The.secoﬁd stage, called the selection stage, finds and
5 allocates a frequency-slot combination using. the appropriate
algorithm as determined by the allocation request category. i,}

The classification stage first determines if an
automatic frequency selection is to occur. If the requesting .

20 subscriber has been put into manual mode, the specified

manual~-modulation-level, manual-frequency and manual-slot
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The KﬁTIomﬁng accesses are made to the BCC table: 10 channel

-state (read)

The 'state of a channel is checked 4 to determne availability.

channel -status (read) : The channel status is checked to verify that the

specified channel ‘is a voice channel. 15 channel -state (wite) : The

channel state is changed when the specified channel is selected for
ajlocation. 120 channel -control (wite): The nodul ation type of the

quest i Rga IR WP £y SENE Iff@@éﬂ&f-émmtfmtwlwyiﬁo&%d ndex

(mmlte stablishes a |l1nk fromthe sel ected

channel txf thee rEXppSEn - S106 Spbei fiddei rmwmywi | 5@y | e r out i nes
directly access the database. This is necessary due to speed and

ef fi ci en@assdgred ctattin sreqiienive r sybser iber . t hEf daie bfsegueney + shet

routines are used to access the database fromthe frequency 10

al l ocati on

rout i nes sRRskIedclis Mot avablable; fthe outiisTegits returning a
5 FALSE value. 1If the reguesting subscriber has been put into

automatic mode, further classification is required.

After determining that an automatic selection is to

occur, the frequency allocation algorithm determines the

i,) request category. These regquest categdries are as follows:

10 "External-In" applies when a destination subscriber station

is called from an external phone; "External-out" applies when

an originating subscriber station calls an external phone;

*Internal-out® applies when an originating subscriber station

calls another subscriber station; "Internal-in" applies when

subscriber station. If the request is an external-in,

15 a destination subscriber station is called from another

external-out or internal-out, a slot position is selected by

searching for the most available position. Once the position

is selected, all frequencies are sequentially searched until

20 a vacant slot {or adjacent slot pair in the case of 4-ary

request) of the desired position is found. At this point,

the routine puts the appropriate values into the SIN table

and exits,'returning a value of TRUE. If the request falls

117
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In ité»basic node of operation the STU acts as an interface unit to convert
the 2-wire anal og signal interfaced froma standard tel ephone set to 64
Kbps PCM encoded digital 15 sanples. Referring to Figure 12, the STU
i ncludes a subscriber line interface circuit (SLIC) 53 which connects
directly to a type-500 touch-tone phone set via lines 37. The SLIC 53

lovi d d ha a teri for one .gper gti on.
priovi des o er. vo an edgnce ¢ G 19)
In additithtotHae ﬁegizi"gegggym fpalcinls durther A4 & o
t he phone set agg al so perforns "on-hook/ of f - hook" detectlon. The si gnal
out put s of€ ?“§ FC 53 on line 54 are anal og voice-frequency (VF) transmt
and recei ve signals. These are subsequently 5 converted to PCM sanpl es by
a PCM codec 55. The PCM codec 55 uses the [err]-255 compandi ng al gorithm
todigitize thﬁyxg' &R $h@e2ha1L9ho ¢ tuiﬁ@alte s2made 8 tiid7. fiitither/Ne PCM
codec 55 is ful uplex in nature. The d|g|t|ze Vol ce sanples are then fed
over |inepppst8fainFodhatibacaremy reger MeXE16¢ astignmEit @& of
operation the MJX is determned by the subscriber controller unit SCU 58
whi ctp i nt ehéamedulatiohheypeX (3rary ort 1Srary) aifd thec einigimat@ngP.  The SCU
58 essentially includes a Model 803 microcontroller. The SCU is

subscriber must be extracted. Once this is accomplished, the

o

appropriate selection table is determined based on the
modulation type of the originating subscriber and the

destination subscriber. After the table has been selected, g_j

10 the slot assignment of the orig;nating subscriber is used to
determine the appropriate row of the_selection table to use.
Each sequential element of the selected row contains an

egqually or less desirable slot assignment.. This list is.

i ‘traversed until an évailable slot is found, beginning with
15 the most desirable position and continuing until all slot ~
| positions héve been exhausted. 'For each slot position (or
slot pair for 4-ary connections), each frequency is
sequentially searched until the actual slot (or slot pair): is
found. The dérived frequency and slot values are not entered
.20 into the appropriate SIN table entries, and the routine

exits, returning a value of TRUE,
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coupled:to the CCU 29.Chr ough an RS-232 interface g?r cuit 15 60 and
further controls the operation of the SLIC 53. The STU can essentially
operate in one of three distinct nodes. The first, and nost basic, node is
tk€ voice node. In this node, voice sanples fromthe PCM codec 55 are
transferred through the node select MJX 57-and a VCU 20 driver/receiver
Cigcuit 61 to the VCU 28, where they are further processed to reduce the
bit rate from&4*ERkpt touht*cakbpy kedpshéracknofotheonumberswifssi on to the
base station. 122 The second node of operation is the data node. In this
node t he &vakbablet sdatst §orr eachhslotupesition.noTheseocountsi aze
information; rather, the infornation conveyed to the base stationis a

“ ref or nat tBYLIAGAANedr Bantheofrsabasecmeduls andapxesggfesenced byt &hgf up to

the 14.6 KQBS channel data,transnk;sion rate. The STU al so includes a
RS- 232 dafzegBencyoallospti@n: k88ksnnecti on of a data device (e.g.,

“ternminal) via a line 63 using a standard asynchronous RS-232 interface
operating up to 9600 baud. The STU i ncludes an UART and 10 timer circuit

64 h 1 f RS- . 1 ~Lhe Vi 8
ity U onag Y a3l ARG B e ROt RS
limtati ophf gbBecTH®eR% recognized by the system. The following

accesses are made to the SIN Table.

P modulation-level (read): The modulation level of the
subscriber requesting a fre-
10 quency is extracted from this
table along with the modulation
level of the originating sub-

scriber during internal-call

~ setup.

15 slot-number (read) : The slot assignment of the

_ | originating subscriber in an
-/

internal-call setup must be

retrieved.
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Full-ﬁublex data transiission is supported in this ﬁ%de. The third STU node
node, no data is conveyed fromthe STU

is the call setup node. In this 15
27 to the VCU 28 through the node select MJX 57. However,
generator circuit 65 is connected to the node select MJUX 57. This circuit

a ringback tone

-

digitally synthesizes the tones used in call placenent procedures, such as

bdsy and error tones. During 20

user ar e glehtetivatbdy

to place the call

call placenent, DTMF digits dialed by the

appropriate tones to the user's headubﬁériﬁefiﬁﬂqﬁeﬂfinggﬂneratOr 67 is

connected to the SLIC 53. A timng generator
t he PCM codec 55,

generator 65. Once the call placenent is conplete, the STUw Il switch 5
to either the voice node or the data node for comrunications with the base
station. An additional requirement of the STUis to provide for

cancel | athasehandmirde
delag
u

t he

10

15

¥ ctWELER) s gnBhe fregnencyraspienvenhcefi she.

The

evtié) det ect ophéi pTott abPignflent 062seRe by the SCU 58
The ringback tone generator circuit 65 returns

68 provides timng signals to
the VCU driver rechamnelciscput Bérend the ringback tone

of the round trip for the voice 10 .. signals between ggse siation and

bscriber station wll

subscriber "requesting a anne

is put here.

The BCC table is used by the frequency allocation

routines search for an available fregquency-slot combination.

The following accesses are made to the BCC table:

channel-state (read)

channel-status (read)

channel-state'(write)

The state of a channel is checkéd

to determine availability.

The channel status is checked to
verify that the specified channel

is a voice channel.
The channel state is changed when

the specified channel is selected

for allocation.
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be wef |. over 100 nsec. Any reflected signal due.to I npedance m smatch at
either end will result in an obnoxious echo return. This problemis handl ed
in.the base station by an echo cancellation systemin the PBX function. The
SFU nust 15 provi de the echo cancellation in the subscriber station. At

| east 40 dB of echo attenuation is expected to be required fromthis
cdncel l ation. The delay of the echo to be cancelled is very small, however,

si nce t hechahhelecontobli fweice) :i sThet modalaktdohl kypedoifn thiec refuedtdingd0
the | ocal phone set itself. This distance will typically be only a few

‘tens of feet and the delay is essensubscyiberoislgtittefihdnto3thei channel

controller in the SCU 58 perforns the functions of the RPU 20 and PBX cal
processor 24 in the base station. |consmednbydess to the base station RPU

20 via nessages sent on the radio control channel (RCC) and controls 5

cs-

Ex)

42

all the individual functions of the STU 27. The SCTU al so communi cates to
t he subscrjher station, 29 via the baseband control channel (BCC). _The
RS- 232 in%tgféﬂéefo(Yﬁét 29 oﬁer&ﬁéégiﬁs §80 3 &aﬂaﬁaows &398°669vey
control information between the CCU 29 an TU %7_in t he subscr&per 0

st atidn - channe O the reqguesting subscriber.

The frequency allocation routines directly access the

database. This is necessary due to speed and éfficiency
;v, ' considerations. Whenever possible, the détabase interface
routines are used to access the database from the frequency

10 allocation routines.

Subscriber Telephone Interface Unit (STU)

In its basic mode of operation the STU acts as an
interface unit to convert the 2-wire analog signal interfaced
o from a standard telephone set to 64 Kbps PCM encoded digital
-

15 samples. Referring to Figure 12, the STU includes a
subscriber line interface circuit (SLIC) 53 which connects
directly to a type-500 touch~-tone phone set via lines 37.
The SLIC 53 provides proper veoltage and impedance

characteristics for phone operation. 1In addition, the SLIC

121



Voi ce Ebdec Unit (VCU) The voice codec unit (VCU) inplenments four
ful | -dupl ex RELP voi ce conpression systens. The VCU design is identical for

the base station and the subscriber stations. In the 15 subscriber station U
only one-fourth of the overall functionality is used (that is, only one of

the four channels). The interface to the STU 27 in the subscriber station
istidentical to the interface used by -each of the four PBX channels in the
base st at iSh aXlows anteisglecufbentOto belapplie@ tocthenpboner st .dndi t al
schene to inplenent the RELP voice algorithm as described in co-pending U
S. Patent 3%H9 ipexformsi” omoqhéoﬁﬁthwlsa amteptionedeThe2Bignalnpl enent ed
in Digital Signal Processors' | ed_Novenber 2, 1984 by Philip J. WI son,
the di scl RMEEBES Qi Ehe| §L¥9053pBPaiéBehéﬁePﬁebﬁnPéPErEﬁéée’frequency
Alternativ

o the oo/ Exansatl andCEaraivy pien isbus?ﬁﬁ?s‘r’ﬁiéiiﬁn‘s’%%%e? 2 oVt ded
e p VUL 17, 28
cont 81 i Y Fa¥ ot P Bhfinned Ry s P pareB B0 AinrPot £RBR 57 1he

veu 18, 2?3 e@%ﬂ@ffﬁz% Qaﬁg%&%g bygekieRa Qeﬁﬁf;kﬂtihgntﬂ@dvolce

I mpl enent at1 on const der at
signals into B-bit samples at an 8 KHz rate. The PCM codec

55 is full-duplex in nature. The digitized voice samples are

then fed over line 56 to a "mode select” multiplexer (MUX)

10 57. The mode of operation the MUX is determined by the "

subscriber controller unit SCU 58 which interfaces with the
MUX 57 by a transmit and receive FIFO 59. The SCU 58
essentially includes a Model 803 microcontroller. The SCU is
coupled to the CCU 29. Through an RS-232 interface circuit

15 60 and further controls the operation of the SLIC 53.

The STU can essentially operate in one of three distinct
modes. The first, and most basic, mode is the voice mode.
In this mode, vecice samples from the PCM codec 55 are
transferred through the mode select MUX 57 ‘and.-a VCU
20 driver/receiver circuit 61 to the VCU 28, where they are
further processed to reduce the bit rate from 64 Kbps to 14.6

Kbps and then sent on for transmission to the base station.

-
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10 fGssociated with s:z VCU 17, 28 are described below. The interfaces
bet ween the PBX 15 and the VCU 17 are shown in Figure 13. The interfaces
bet ween the STU 27 and the VCU 28 are shown in Figure 14. The STU 27
iat erfaces are a subset of the PBX 15 interfaces in that the STU 27
provi des 15 only one full duplex voice channel operation. The timn

rel ati onships for the PBX and STU interfaces are identical

Figure 15. Tabpre lgeéd6f@rmba@é bifcopl2adsbar ist tﬁé aseacmenkecd Iy ithis
synbol s used in Figure 15. 126 able 10 Synb Par anet er

0 525odata8§gurcengtta|rate ofaup {0l $be. 14.6cKbps channel data

_ 10

15

20

transmission rate. The STU also includes a RS-232 data port
62 to allow the connection of a data device (e.g., terminal)
via a line 63 using a standard asynchronous RS-232 interface
operating up to 9600 baud. The STU includes an UART and
timer circuit 64 to synchronize the data from the RS~-232 data
port 62. The VCU 28 packetizes the synchronized data so that
it will pass through the 14.6 Kbps limitation of thg channel.

Full-duplex data transmission is supported in this mode.

The third STU mode is the.call setup mode. In this
mode, no data is conveyed from the STU 27 to the VCU 28
through the mode select MUX 57. However, a ringback tone
generétor circuit 65 is connected to the mode select MUX 57.
This circuit digitally synthesizes the tones used in call
placenment procedures, suéh as busy and error tones. During
call placement, DTMF digits dialed by the user are detected
by a DTMf detector circuit 66 and processed by the SCU 58 to
place the call. The ringback tone generator circuit 65

returns appropriate tones to the user's head set. A ring

123
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9.

52.

Mn Tysiode dheé 64 Kbps stPeam tB%Xrbﬁaﬁhewdehza does not involvel25

--- [err] tw cl ock pulse width 1.8 2.0 2.
-[err] 5 voicéewenformation;Oranheli,vehei dhiformation cofiSeyed to the

[err] tw3 gate O inactive - gate 1 width 5.9 7.8

ps tw4 Dbageatstationcisve reformatted data: sgxeem0 fyxon: An external
“54.7 56. 6 ps 10 tdo start pulse - clock 0 delay

8

and are shown in

7
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1 deIaJT 0 250 -800 ns td2 clock 0 - gate O
15 edge del ay 100 1000 2000 ns td3
clock I - gate 1 edge del ay 100 1000 2000 ns tsO
I nput data setup tine 20 1500 ns tsl out put data setup 20

S tine 500 1800 ---- ns thoO out put data hold
tink 500 2200 ---- ns Referring to Figure 13, the PBX SDATO
1, 2 and generatox, 67 1is 7GonnéEcted ryodthe SLIMNaS3.f r AntinkéngBenh@rasorhe
VCU 17 in the base station. In the subscriber station the data 25 si gnal
i s carri e®8prawidem) Soping | $ignals{ tonthePEIUCoderoSbhetheUVEY (Figure
14). 8-bit_[err]- 255 conpanded serial data is 127 sent to the voice
codec dUHQﬁ}Wﬁﬁa%&ﬁ?%%#%d?%¥%%15f6%h%n@BRFEHEFESPEEﬁoF°PBXQEA$EEt°r3 at a

clock rate of 256 KHz, i's.clocked nto the VCU 1 e r|S|
edge of tﬁ@‘?Sé”KHE % placemeqﬁek \{o 28 t;ea§§U3"Fﬁﬂe§“?§c

e VSR R0 R LB R 0 s

with the base station. .

An additional requirement of the STU is to provide for
cancellation of undesired echo signals from the remote
cocnnections. The delay of the round trip for the voice

10 signals between base station and the subscriber station will
be well over 100 msec. Any reflected signal due to impedance
mismatch at either end will result in an obnoxious echo
return. This problem is handled in the base station by an
echo cancellation system in the PBX function. The STU must

15 provide the echo cancellation in the subscriber station. At
least 40 dB of epho attenuation is expected to be required -
from this cancellation. The delay of the echo to be
cancelled is very small, however, since the
reflection-of-interest is between the SLIC 53 in the STU and

20 the local phone set itself. This distance will typically be

pnly a few tens of feet and the delay is essentially zero.
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I n the(subscriber station. 8-bit [err]-255 conpanded: serial data is sent to

the PBX 15 or STU 27 fromthe voice codec during 10 the active high

portion of PBX/ STU GATEO or PBX GATEl...3 at a 256 KHz clock rate. Data is
cl'otked out of the VCU 17, 28 on the r|S|ng edge of the 256 KHz cl ock. The
PBX GATEO, 1, 2 and 3 Ilnes 80, 81, 82, 83, carry gate signals fromthe PBX
154ito the VCU 17 in the base 15 station The STU GATEO line 84 carries a

Gate oignal i oo SOPY itrofel Goutrotisk h fnk 820, BRCheP EBbRIIPET,
SDATO. PEXiH¥tlions ofnehe/ RbGAG Chnd- Bax &R1S PRbEesbBRA24 Jpathe Rkl

eight consecutive clock periods every 2 crosecon PBX

TLKO, 1, »tueliénlings 8&nm3§1c§€es8§ocﬁhé>’b3§é KHatEbQChpﬁl ggakgafromthe
PBX 15 to the VCU 17 in the base station. The STU CLKO line 89 carries a

256 KHz clmedssgesasent oont tive Fall2d bentbelvaqlaﬂﬁeln(kbc)Suhacebhefols
Station. A5 256 KHz clock signal is used to clock the PBX/ STU SDATO and

PBX SBAT1.alB thenindividual hfuietiois 68 thed STY 2TU SPHECSCTS algoal into
the PBX 15 or STU 27. However, the clocks are not synchronized with any
cl ocks gemququqgtﬁ$nto the subscriber station CCU 29 via the

baseband control channel (BCC). The RS-232 interface to the

CCU 29 operates at 9600 baud and is used to convey control

information between the CCU 29 and STU 27 in the subscriber

10 station.
Voice Codec Unit (VCU)

The voice codec unit (VCU) implements four full-duplex

S RELP voice compression systems. The VCU design is identical

~ for the base station and the subscriber stations. Ip the
15 subscriber station only one-fourth of the overall
functionality is used (that is, only one of the four
U channels). The interface to the STU 27 in the subscriber

 station is identical to the interface used by each of the
four PBX channels in the base station VCU 17 interface. The
: 20 VCU 17, 28 uses an entirely digital.scheme to implement the
RELP voice algorithm, as described in co-pending U. S.

Patent Application No. 667,446 entitled "RELP Vocoder
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the YCU 17, 18, CCU 18, 29 or nodem 19, 30.

10 ’ In the base station,

the PBX-VCU interface converts four channels of synchronous 64 Kbps seri al
data into 8-bit parallel data, which is then nade avail able to the four
transmt voice codecs 16 at an 8 KRz sanpling rate. |In the subscriber s
station, only one 'channel (channel 0) is converted 15 by the STU VCU
interface. The necessary clocks and gates are provided by the PBX 15 and

‘'t he STUImplement®X-imPigiitsIUSigualnProtessors ;o fided November 2,

conpl enentary function for the receive voice codecs. In the base station,
8-bit pAk24 HY Rhilipcdei Widspnonthecdisclosare ofdahichad®els, is
converted into four_64 Kbps synchronous serial channels for transm ssion

back to ¥NRPIRHTated Ihefﬂénlkg refersacei-hePlsermadiveline a Fukrkanghnel is

converted nd sent back STU 27. TBe
VCU 17, eb'tdfﬁ 2 & BTORERAS

{ﬁle%tclcarﬁl pf%o% § o pRTSTaRa B 3550

har dwar e i nt.erfaces between the
ﬁtgura@ PG""H‘?&dt 49 ﬁ‘d" ccu

han betmee \VCU and
|1€s cpp lff

f s by e eegCiELIALES [ BReCRRY 14, bw @%n%%"%' SvePds,n g gures 17

and 18 r spectlv

control s;gnals to determine the mode of operat;on and

configuration in the VCU 18, 29,

The modes of operation,

functional description and implementation considerations

10 associated with the VCU 17, 28 are described below.

the VCU 28 are shown in Figure 14.
15 only one full duplex voice channel

and are shown in Figure 15. Table

characteristics represented by the

w
The interfaces between the PBX 15 and the VCU 17 are
shown in Pigufe 13. The interfaces between the STU 27 and
The STU 27 interfaces are
a subset of the PBX 15 interfaces in that the STU 27 provides
operation. The timing -~
relationships for the PBX and STU interfaces aré iden£ica1
10 describes the
symbols used in Figure 15. N
: ~/
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Not e ﬁhat Figures 17 and 18 detail the events that J¢cur 10 during the
VCBTP shown in Figures 19A and 19B. The individual interface signal
definitions are given in the foll ow ng paragraphs. 130 Tabl e 11 Synbol

Chdr acteristic. M n Max Unit tdl voi ce codec bl ock
transfer --- 750 psec period 5 td2 TCVC response
time 1.25 15 psec td3 CCU DVA response tine
1.25 psec td4 handshake delay Table 10 15 nsec td5
VC bl ock period del ay 150 [err]sec thl control data
hol d — _ nsec_2 10 th2 status_data hold
nsec th3 | Syebilal hol Parameter T Min [ Typ MaxecJ]tvhit
*control data_setup |_ _ . nseéc statds data
set up twl PBX frame widthsec (s} ---TC dai%Ssetup' ps
nsec 15 —_—rd _AA%I..LE_\AL.f.T_h___r__ ——Al$ec
“tv2 reafl ¥t h | clock pulse widt 1.% Z.8s¢c ¢w8 | Bfoc
i B | RY: Yo
reque%t Wi RS- | “gate 0 tractive width| === 9375 == ps
tw3 gate 0 inactive - '
' gate 1 width 5.9 7.8 9.7 hs
twd gate 1 inactive -
gate 0 width . 52.8 | 54.7 56.6 ps
10 td0 start pulse - clock :
N 0 delay : 0 250 | -800 ns
tdil start pulse - clock
1 delay o . 250 | -800 ns
td2 _ | clock 0 - gate 0 :
15 edge delay 100 1000 2000 |- ns
td3 clock 1 - gate 1
' edge delay . 100 | 1000 | 2000 ns
CKJ ts0 input data setup time 20 | 1500 | =—=== ns
. tsl output data setup ' . E
20 time 500 1800 ———- ns
tho output data hold time| 500 | 2200 | =—=-= ns

Referring to Figure 13, the PBX SDATO, 1, 2 and 3 lines
70, 71, 72, 73 carry data signals from the PBX 15 to the VCU
17 in the base station. 1In the subscriber station the data
25 signal is carried on the STU SDATO line 74 from the STU 27 to

- the VCU 28 (Figure 14). 8-bit n-255 companded serial Qata is
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131 (:Eable 12 Synbol Characteristic M n ax Uni t
t d6 bl ock transfer period 750 psec td7 CCU dat a
response tine 1.25 [err]sec 5 - td8 VC r esponse o
tinme 1.25 15 psec td9 handshake del ay

15h nsec tdl0 VC bl ock period del ay 150 [err]sec
th control . da hol - ' nsec ths st at us

dat a hold'eng to Eﬁe”vogce codgc_du;ipqﬁﬁgf ﬂﬁtive P9ﬁ¥§°nr§£:5ﬂﬁza hol d
nsec ts4 r ta.s t )

st at us da?%xg%?ﬁpekrga BroBBY GATEL...3 at & cr%‘soecck trs?geoi}?%atx}%s'etup

nsec twA paodrikectodkla into the vev 17, 28 he risind'¥ifgd bt the (W
read wi dt%atx\“'& c%@_ * ' v 2 onnstece tv%s'mtfb oc% reqtuheest

width 256 RHz cloek. [err]sec Figures 19A and 19B show the tining
rel ati onshi ps between the various transmt and receive speech bl ocks that
are transferred between the VCU 17, 18 and CCU 18,19 for 20 16-Ievel
phase shift keying (PSK) nodul ation. At the top of the Figure 19A is the
systen frane tThenyCOoShATOh 15l 12 and 3 lines 75, 76, 77, 78 carry data

' signals from the VCU to the PBX 15 in the base station. The
VCU SDATO line 29 carries data from the VCU 28 to the STU 27
in the subscriber station. 8-bit h-255 companded serial data

is sent to the PBX 15 or STU 27 from the vdiéé codec.dtiing W,

10 the active high portion of PBX/STU GATEO or PBX GATEl...3 at |

a 256 KHz clock rate. Data is clocked out of the VCU 17, 28

.on the rising edge of.the 256.KHz’clock.

The PBX GATEO, 1, 2 and 3 lines 80, 81, B2, 83, carry
gate signals from the PBX 15 to the VCU 17 in the base o/
15 station. The STU GATE(O line 8@ cérfiés é gate'siénal from
the STU 27 to the VCU 28 in the subsc:iber station. The gate
- signal is an active high signal used to enable transfer of .
PBX/STU SDATO, PBX SDAT1...3 and VCU SDATO...3. . This gate /

signal is active for eight consecutive clock periods.every

20 125 microsecond.
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132 L Ctransfers are referenced. This frane timng is also applicable to
Figure 19B. One nodemfranme is 45 nsec in |length and includes of four voice .
slots (or channels). Each voice slot consists of two system voice bl ock
pefiods (SVBP) 5 of speech data each containing 82 synbols (requiring
5.125 nmsec) and an additional 16 overhead data synbols requiring 1.0 nsec

off frame time. For the transmt channels, one block of 328 bits (41 bytes)"-

of processed Thed®PX CLEQns}er? cand,3riines \85), 186, 28721088 carryec2%6U 18,

29 prior to the beginniqgsof each SVBP during a voice codec bl ock transfer
period (VESTSLoCKSignals cfirom the PBX 13 EOsthe¥rUWA7 chni thaskase st ed

- Bl ook peritAR vcartye (1 G0 B1ae HE edrPfeRle 254 oREE e Tofk, RigRef T
and 0B O ae FED 37 O TR G (TR oEE FRE s el et hBabin A R, o o
(es 129 R S1gX Whgied fRcured EpchIopE! fhe WakPEnhosoate &V,
recei ve omEBRrias.$'einals FiNt6etREBICUOLE, 28 and the VCU | S
SDATO0...3 signal into the PBX 15 or STU 27, Howeéer, the

clocks are not synchronized with any clocks generated within

the VCU 17, 18, CCU 18, 29 or modem 19, 30.

10 In the base station, the PBX-VCU interface converts four
channels of synchronous 64 Kbps serial data into 8-bit
parallel data, which is then made available to the four
transmit voice codecs 16 at an 8 KRz sampling rate. In the
subscriber station, ohly one channel {(channel 0) is converted

~ 15 by the STU-VCU interface. The necessary clocks and gates are
provided by the PBX 15 and the STU 27.

The PBX-VCU and STU-VCU interfaces alsc perform the
complementary function fqr the receive voice.codeps. In the
base station, 8-bit parallel data, received from the four

20 codec channels, is converted into four 64 Kbps synchronous

serial channels for transmission back to the PBX 15. In the
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bl ock bf 328 bits (41 bjfes) of processed speech is<;;ansferred fromthe
CCU 18, 29 to the VCU 17, 28 at the end 133 of each SVBP during a VCBTP.
" As in the transmt channels, the tinme skew of the VCBP to the VCBTP is

i npl enent ati on dependent and a (maxi nun) offset of one VCBP is shown in o
Figure 19B. To understand the relationship of voice codec's 5 i nput and
outlput data, refer to Figures 19A and 19B . For receive channel 0,

conpr essesubperibegasiationst onecvaine chare®lPsi sD/donhvextedand ssent

associated with the processed expanded data streamin VCBPS OA10 and OB10.

The TCADDPacknte sbec 8T &%.ansmt channel address 10 signals fromthe

CCU 18, 29 to the VCU 17, 28. These three address lines are used to

sel ect the current transmt channel address. The TCDATA bus 91 carries :

o Rt R RS W Ve e S e 25
Uhat o daS003Pa 25 ArA SHRVE O mastndns apd B o tapauttang 0 0
remaidls | @yrUghlel +3ahdieK atld Kcd frédnatiéfs between the VCU and the

CCU are shown in Figures 17 and 18 respectfully. Tables 11

and 12 describe the characteristics represented by the

symbols used in Figures 17 and 18 respectively.

\J
Note that Figures 17 and 18 detail the events that occur
10 during the VCBTP shown in Figures 192 and 19B. The
individual interface signal definitions are given in the
: following paragraphs.
| o
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134 (The TCDACK 1i ne gS carries a transmt channeIGata acknow edge
signal fromthe CCU 18, 29 to VCU 17, 28. The TCDACK/signal gates the data
onto the TCDATA bus and resets the TCDAV/. 5 The TCSCWR |ine 94
carries a transmit channel status/control wite signal fromthe CCU 18, 29
to the VCU 17, 28. The TCSCWR signal wites the voice codec control word

I nfo the appropriate transmt channel control register determ ned by the
TCADDR |ines. Data is latched into thapie 11register on the rising edge of
the TCSCWR signal. The TCSCRD |ine 95 carries a transmt channel
status/control read signal fromthe CCU 18, 29 to the VCU 17, 28. The

_TCSCRD si gliaSy®BbRsS [The st aCharagterastactne TCDATA WW
codec statys reqistgr designated by the. 15 TCADDR |ineq. The BLOCK
line 96 cafriectdd bl&ﬁﬁmbe OOy %8~ 29 1750t hq Weecl],
28. The BLPCKRQ si gt peréqued toinitiate a 41 bytle bl ocl transfler of data
20 the TEDATRBUS | TAVESRREPPESES 6498, | ho Vo ce |c349B flor I8 o BEReV(EP
timng. T td3 | CCU DMA response time 1.25 | psec
td4 | handshake delay . ~{—T5—| Tsec
——td5 | VC block period delay ~150 | psec
thl control data hold | nsec
“ 10 ——thZ | status data hold . ~ nsec
~ th3 | TC data hold nsec
tsl control data setup - nsec
T ts2 | status data setup nsec
— ts3 | TC data setup . _ nsec
- 15 twl write width _ nsec
~ — T réad width o nsec
~  tw3 | block feques.t width 1.5 nsec

131



(

135 . The TCVCRST Iine.97 carries a transmt channgg‘voice codec reset
signal fromthe CCU 18, 29 to the VCU 17, 28. The transmt voice codec

specified by the TCADDR lines is reset.
channel address 5
address lines are used to select the current

folll ows.

CCU 18, 29 and the VCU 17, 28. 10 -

The RCADDR |ines 98 carry receive

signals fromthe CCU 18, 29 to the VCU 17, 28. These

The RCDATA bus 98 carries recei ve channel

recei ve channel address as

data signals between the

Tabl&hk2RCDAV |ine 100 carries a

recei ve channel data avail able signal fromthe CCU 18, 29 to the VCU 17,
28. The RCDAV_si Lndi '

lines tha
signal ga
regi ster,
channel d
RCDACK si

5

10

15

20

nal _in t | d

if]

e t he RCADDR

t] & york :
t and Y& et ts b |
‘ ' Ol 17 28
jmﬁfmwmﬁhat t he|dat a. %ﬁ%-l. psec
—%d8 | V¢ response time T35 ~ 15 | psec
~td9 handshake delay — —15 | Tsec
~ td10 | VC block period delay “150 | psec
thé - control data hold. | nsec
“th5 | status data hold nsec
thé | RC data hold nsec
tsd contrST-EEEA setup. nsec
t§§f_ “status éhta setup ' nsec
ts6 | IC data setup nsec
twéd write width nsec
tha read width nsec
twé block reguest width i.g;- psec

Figures 19A and 19B show the timing relationships

between the various transmit and receive speech blocks that.

are transferred between the VCU 17, 18 and CCU 18, 19 for

l6-level phase shift keying (PSK)} modulation.

At the top of

the Figure 19A is the system frame timing to which all
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has ngB r ead fron1thé:;EDATA regi ster and that ano her byte nmay be
transferred fromthe CCU 18, 29. The RCSCWR line 102 carries a receive

channel

status/control wite signal fromthe CCU 18, 29 to the VCU 5 17,

28. The RCSCWR signal wites the control word into the appropriate voice
codec control register determned by the RCADDR |ines. Data is latched into
the register on the rising edge of RCSCWR signal. The RCSCRD |ine 103
carri es atfdNeférsSaceUseferentedll Thisadrameneimingmikhal¥el 17, 28 to
the CCU 18, 29. The RCSCRD signal gates the voice codec status mord onto
t he RCDATdppliicabde) tbeFigaresl1pByi sOne sodegnfiranebyst U5 MEABDRnl i nes. The
BLOCKRDY |ine 104 carries a block ready signal from15 = the CCU 18, 29 to
~the VCU l¥ength andeiBtlOiRBYoSi fouk veiveedlotsi fpri ahenaeds) byt Babhock
transfer of data fromthe CCU 18, 29 to the voice codec specified by the
RCADDR ||w@@ceTnboBLe2KRDﬂt§|gﬁatwpsswgégmbyonne bdpck PsueodﬁoKSHBBit VCBP
-timng. The CCU 18, 29 is required tq have a data byte available in
t he H[IMJ?@r%@?SFErdﬂFPoFaFB FREtRAARARG éagEYBP°iﬁe(BEEERRD¥Gs§gHBP 137

10

15

msec) and an additional 16 overhead data symbols requiring

1.0 msec of frame time.

For the transmit channels, one block of 328 bits {41
bytes) of processed speech is transferred from the VCU 17, 28
to the CCU 18, 29 prior to the beginning of each SVBP during
a voice codec block transfer period (VCBTP). The VCU's 64
Kbps input data stream, which is associated with a processed
speech block, is shown to be partitioned into voice coder
block periods (VCBPs) that are 22.5 msec in length.
Referring to transmit chaﬁnel 0 in Figure 19A, unprocessed VC
input'data in VCBPs OAl and OBl is associated with processed
data in VCBTPs OAl and OBl. Alsoc note that the VCBPs for
channels 0 and 2 are staggered by one-half of a VCBP (i.e.,

11.25 msec) from the VCBPs for channels 1 and 3.
For the receive channels (as shown in Figure 19B), one

block of 328 bits (41 bytes) of processed speech is

transferred from the CCU 18, 29 to the VCU 17, 28 at the end -
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The CRST Iine 105 carries a receive channel voice codec reset signal
fromthe CCU 18, 29 to the VCU 17, 28. The voice code specified by the

RCADDR |lines is reset by the RCVCRST signals. 5 The recei ve channel .
VCU hardware receives 41 byte bl ocks of input data fromthe CCU 18, 29 N
du“ing a VCBTP as shown in Figure 20A. After processing the data according
to

{Tanst _e?‘r” &F RadR, B SPELES £ YeRtBey RE11p Fhe HARERTE"C ﬁﬁa‘é 8 'ata
buf fer i ng ¢ gﬁ.ﬁ "l " el R o L ne 2fch® L APkl shBEchBTY OVt PUC

reqU|rene ntrol-Irnformati 0 asse Wween the

VoU 17, 2 1 X ;
q’%@maﬁﬁgfﬂrﬁ 8 (R&Yhant 5eks8t Sonbnal vags §gagﬂg\f§0rﬂ‘s or

each recei edl nni ng O as s gure

18.  The fpoidowé nﬂsaperwﬂﬂaé@éesnar QhEUQBQEEQQnEML?héfr easb&eceade% In
t he external node, speech bandw dth expansion is perfornmed w th-an input

data rate fipdd. SndbpatpaLSdatas refey L9 Pigaeey, 18aAdand @eBpuUt Fdgta rate
of 64 Kbps. Speech 20 - data may al so include DTMF tones. 138
receive channel 0, compressed speech data transferred during
VCBTP# OAl0 and OBl0 is associated with the processed

expanded data stream in VCBPS OAl0 and OBl0O.

The TCADDR lihes 80 carry transmit channel address U
10 signals from the CCU 18, 2% to the VCU 17, 28. These three |
address lines are used to Select the current transmit channel

address.

The TCDATA bus 91 carries transmit channel data signals

between the VCU 17, 28 and the CCU 18, 29. v

15 The TCDAV line 92 carries § transmit channel data
available signal from the VCU 17, 28 to the CCU 18, 29. The .
TCDAV/ signal indicates to the CCU 18, 29 that a data byte is N
available in the TCDATA register. The TCDAV signal remains

low until a TCDACK signal is activated.
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In the(internal node, previously conpressed 14.6 KbsgfspeeCh I's passed from
the CCU 18, 29 through the VCU 17, 28 to the PBX 15 or the STU 27. Since
the PBX 15 or the STU 27 expects 64 Kbps data, padding of the data stream

t occur. 5 Qut put (64 Kbps) data consists of an idle byte (FF hex)
pattern until speech data becones available fromthe CCU 18, 29. A sync
bytle (55 hex) is then output, followed by the 41 previously processed data
bytes, after withé TOBACKI kihet83peareiesi &8 tpahsmiedchhkhgeleda®d provides
an exanple of the 10 i nput and output data timng and content for 16 PSK
nmodul at i omcknowlhedge| signaloficomi thet CQUolRs 29 tpe¥CU A2} a28:onThee CCU
18, 29 are consuned but not used. An output idle byte pattern (FF hex) to
“the PBX 15¥GhAGKRSsEgupd7gatessthendakaapntd thecREDATA| bus anfleresetsn the
st andby node, continuous hardware diagnostic routines are executed and the
resul ting N&tTSPAYbred in the status register. Block transfers to the CCU
"18,29 will not occur until the operating node is changed by a bl ock request
20 correspondi ng to VCBTPA. The new control word (and operating node) is
[ﬁgd y tlge gg'-ﬁ%gﬂééﬁwﬁnfiﬁﬁesﬂ' EDPsELCaSEEhHEm: D" hERReD" '° passed to

status/control write signal from the CCU-IB. 29 to the VCU

17, 28, The TCSCWR signal writes the voice codec control

word into the appropriate transmit channel control register
(% | determined by the TCADDR lines. Data is latched into the

10 register on the rising edge of the TCSCWR signal.

The TCSCRD line 95 carries a transmit channel
status/control read signal from the CCU 18, 29 to the VCU 17,

: . 28, The TCSCRD signal gates the status byte onto the TCDATA‘

\—
bus from the voice codec status register designated by the.
. 15 TCADDR lines.
- The BLOCKRQ line 96 carries a block request signal from
—

the CCU 18, 29 to the VCU 17, 28. The BLOCKRQ signal is used

to initiate a 41 byte block transfer of data from the voice

codec (specified by the TCADDR lines) to the CCU 18, 29 over
20 the TCDATA bus. BLOCKRQ is used by the voice codec for start

of VCBP timing.
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The tr%nsnit channel VCU hardware receives-8-bit [err]-law conpanded PCM
(at 8 KHz sanpling rate) fromthe PBX/ STU interface. After processing the
data according to the current node of operation, the output data is .
transferred to 5 the CCU 18, 29 in blocks of 41 bytes during a voice e
codec bl ock transfer period (VCBTP) as shown in Figure 19A. Data buffering
i stperformed within the VCU 17, 28 to sinplify the input/output _
requi renents of the CCU 18, 29. -Control information is passed between the
~VCU 17, 28 and the CCU 18, 10 29 via a set of control and status ports
- for each transThe FCYORST dinenhdbaprrien oftransEry charmmiemluvoiedi gur e
17. The foll owi ng operating nodes are supported by the transmt codecs: In
t he ext er gadegodesespsd@nadafaamitihe GRH i R*P ito 1the VY fot netB wi tThean
output data rate of 14.6 Kbhps. (328 bits every 22.5 nsec.) Processed
speech datiapsmit,yoice spdec sperified R the TGAPRI) imes g regptch
data may al so include Dual - Tone-Milti-Frequency (DTMF) tones. In the
i nternal node, previously processed speech data 20 is passed fromthe PBX

15 or the STU & I hiauglh Wie NOUg Ll AEbdVO dinidd) dardde The 64

Kbps i nput dat
5 signals from the CCU 18, 29 to the VCU 17, 28. These address

lines are used to select the current receive channel address

as follows.

The RCDATA bus .98 carries receive channel data signals

between the CCU 18, 29 and the VCU 17, 28.

10 The RCDAV line 100 carries a receive channel data

available signal from the CCUIIB, 29 to the VCU 17, 28. The

RCDAV signal indicates to the voice codec specified by the
RCADDR lines that a data byte is available in the RCDATA
register. The RCDAV signal gates the data onto the RCDATA
15 bus and into the RCDATA register, and resets the RCDACK line. 'Ku)

The RCDACX line 101 carries a receive channel data
acknowledge signal from the VCU 17, 28 to the CCU 18, 29.

The RCDACK signal indicates to the CCU 18, 29 thaf-the data.
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considts of an idle byte patter (FF hex), one sync byte (55 hex), 41
previously processed conpressed speech data bytes, and additional idle
bytes until the next sync byte occurs. The voice codec nonitors the input
data for the sync byte, 5 which occurs on a byte boundary, then buffers
the 41 bytes of speech data. The speech block is then transferred to the
18, 29 during the next VCBTP as descri bed above. Figure 20B provi des an

exanpl e Oﬁaggﬁﬁéﬁp?&ianér Qﬂ& ﬂépifb gbgg %ﬂglggﬁt% s§n§58¥? gsgx&e

nodul ati on e out pu is as

segnent Zmag ﬂepEQSﬁ§?ﬁgr§BeQEHmb¥hﬁ cahelgro§§ hat ched segnent represents

an idle byte pattern. Note that the sync and'spééch data bytes will not

- occur across VCBP boundarles. In the silence node, input speech data from
the PBX 15 15 = or the STU 27 is consunmed but not used. The 41 bytes of
out put speech YReaRCSCWRe196e 102t carriessSal elceivecehanhedrn. In the

- standby node, continuous hardware di agnostic routines are executed and the
resultingstaauatcsnmred writlee signalsifxoms thegCCUel8, RBotb then¥T8rs to
the CCU 18, 29 will not occur until the operating node is changed by a

bIock5req&éstzaerrﬁbpoB§$ﬁ§RtleeBiPRTItRS the controll word Anke &perating
141
appropriate voice codec control register determined by the

RCADDR lines, Data is latched into the register on the

rising édge of RCSCWR signal.

The RCSCRD line 103 carries a channel status/control
10 read signal from the VCU 17, 28 to the CCU 18, 29. The
RCSCRD signal gates the voice codec status word onto the
RCDATA bus from the status register designated by the RCADDR

lines.

The BLOCKRDY line 104 carries a block ready signal from
15 the CCU 18, 29 to the VCU 17, 28. The BLOCKRDY signal is
used to initiate a 41 byte block transfer of data from the
CCU 18, 29 to the voice codec specified by the RCADDR lines.
The BLOCKRDY signal is used by the voiéé codec for start VCBP
. timing. The CCU 18, 29 is required to have a data byte
20 available in the RCDATA regiétgr prior to the rising edge of
.the-BLOCKRDY signal.
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mode) is read by the VCU 17, 28 and the.diagnostic status information is
passed to the CCU 18, 29. A codec frane is defined according to the

i npl ement ation requirenents of the RELP algorithm but the franme nust be an\J
5 i nteger sub-nultiple of the voice coded bl ock period (VCBP), which is
2245 nmsec. Due to the fact that the PBX 15 and STU 27 operate

asynchronously frominternal systemtimng, a nmeans of detecting, reporting
and conpensating for data overruns and 10 underruns nust be incorporated

5000 Vcape. e BEYRER £26 %@8??8%%3%%2’9%%&%? EhaRPAL 3016 nantient
eporting el Sregte bioRbeVdgd LAE kEu! B, °b8l ¥ vy Pate ygder 11 ows

can be conpensa ng the'l ast "Speech sanpl’'é as

required, gggtﬁ f&é'é&ﬁec ﬁe@?f?@&d%ﬁdtﬁ¥ ?ﬁgg aEQhQQC% e%ﬁ@e%aﬂgg g%L as

required. a reset of”any one ecs
first m(M%@ﬁ¢gg@fgi§gglgron1the 18, 29, as shomn in Figure 19A for
exanpl e. 142

5 The receive channel VCU hardware receives 41 byte blocks

of input data from the CCU 18, 29 during a VCBTP as shown in

Figure 20A. After processing the data according to the.

current mode of operation, the 8-bit u-law companded data is \W

-

transferred at an 8 KHz rate to the PBX (STU) interface

10 module. Data buffering is performed within the VCU 17, 28 to

j simplify the input/output requirements of the CCU 18, 29..

Control infofmation ié passed.befween the_vcu.17,.28 and the

j CCUu 18, 29 via a set of cbntrol and status ports for each

| receive channel at the beginning of a VCBTP as shown in ~
15 Figure 18. The foilowing operating modes are supported by

~ the receive codecs:

In .the external mode, speech bandwidth expansion is
performed with an input data rate of 14.6 Kbps (328 bits
every 22.5 msec}), and an output data rate of 64 Kbps. Speech -

20 data may also include DTMF tones.
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Cbntro&—thannel Unit (CCU) The channel controller unit (CCU) perforns
simlar functions in both the subscriber stations and the base station. The
hardware used in the two station types for the 5 CCU function is, in
fact, identical. The software in the subscriber station differs slightly
fromthat in the base station. The CCU perforns many functions pertaining
‘totthe information formatting and tinmng associated with operation on the
time-divisi on tIanthesintersainmelie, pBeviouslpucompreséed 14he6CEbpsone
fromfour sources. First, there is the actual digitized sanples which are
to be transpeechdisTnassedrfromatbecEEUI18, 2Rcthrougd, the VEUNiThe28CU 17,

29. (Figures 2 and 3. i This data naé be encoded voi ce sanples or data
“sanpl es fréf the RBX245 ﬂﬁtﬁhﬁoﬁFul 7rn gaaceTthe PBulé ©5 theoSYU ?ﬁ any

case, the di ? els erate 16 Kb Four channel s may be
proEesst Eﬁg €?eﬁ ?ﬂg iﬂﬁeﬁ: EEF?FPEQ EETERD B§§§ QFEPFonb

1 PS The
et an oBrbed upHs tmﬁ BRES°BrBsiBtaan? Bt 1098: bYtrodRFts e 20
| ocated i nogpyeph bEs11OkpeSER! aRPS beABRed 3081 ThBT e Vekln' Uhe [EVA fpaM NO

schenme. The second 1 nput COMmes Vi a and cont anne
(BCC) frompghe ﬂWL&GZ byRel 165SHBSS 18Ctnehabhephtl’ £6A50RBE BY the Whe
base statlon) 143
previously processed data bytes, after which the idle byte
pattern is continued. Figure 20A provides an example of the
</ 10 input and output data timing and content for 16 PSK

modulation.

In the silence mode, input blocks of speech data from
the CCU 18, 29 are consumed but not used. An output idle

byte pattern (FF hex) to the PBX 15 or the STU 27 is

15 maintained to ensure line silence.
In the standby mode, continuous hardware diagnostic
. routines are executed and the resulting status stored in the
o/

status register. Block transfers to the CCU"18, "29'will not

occur until the operating mode ié changed by a blbck request
20 corresponding to VCBTPA. The new control word (and operating

mode) is read by the voice codec and the diagnostic status

information is passed to the CCU 18, 29,

139



Thi s second input provides control nessages pertaining to nodes of _
operation, status and control ‘information. Many of the BCC nessages from
the CCU 18, 29 are radio control channel (RCC) nessages which have been
received by the CCU 5 18, 29. The CCU 18, 29 forwards the control

i nformation fromthe RCC nessages to the STU 27 or the RPU 20 and, in
response, receives control nessages fromthe RPU 20 or the STU 27. This
determ nes what the CCU 18, 29 is to do with the data fromthe VCU 17, 28.
The third input_source 10 . provides timng and status information fromthe

‘nodem 19, 30a. e tRARSRMito channele VGU haxdware yereivesBrbitga-1av: he
VCU- CCU- nodem chain. JAn addit] t he dem 19, 30 rovj des_status on the
accur acy 0F°PP§"§|€E-' ?%%ﬁ*g ds%rm n%Fate) P cbhe '%%%g'ﬁ%s and

t her " el ix}di cat whi ch _ d by the,CCU 18, 29 t
et or m no. PRERRERTR el PERS e hh i, Uin (ke NS ORRERYIfS 898, (he
h | T 1 ‘t J ng o _ H " .
O e EErPRHe hot? Of 4 0 Y Al AP LUIEPR PR va
pover fevekpe Cot AGG AY id DRIKSVE LIE KB UBEAN NS $OTPY 8baeR-
. Quality level neasurenents of nodemtransm’sions are reported to the RPU

20 or the BIdck’ trhifsfertgerid®PU(VCETPY Cad SsHdien afh UpigiPéervgat apaegei ved
as synbol's of up to four bits each

buffering is performed within the VCU 17, 28 to simplify the
input/output requirements of the CCU 18, 2%. Control
information is passed between the VCU 17, 28 and the CCU 18, \UJ

10 29 via a set of control and status ports for‘each transmit

channel at the beginning of a VCBTP as shown in Figure 17.

The following operating modes are supported by the transmit

codecs:

In the external mode, speech bandwidth compression is ~

P 15 performed with an output data rate of 14.6 Kbps. (328 bits
i every 22.5 msec.) Processed speech data is transferred in 41
byte blocks to the CCU 18, 29. Speech data may also include

Dual-Tone-Multi-~Fregquency (DTMF) tones. ~/

In the-internal mode, previously processed speech data

20 is passed'from'the PBX 15 or the STU 27 through the VCU 17,
28 and into the CCU 18, 29. The 64 Kbps input data stream
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(depedﬂing on the nDduF;;ion | evel s). These synbols‘iae 144 buf f er ed,
denul i tpl exed and output to the VCU 17, 28 receive circuits for decoding.
Figure 21 is a block diagramof the CCU. The architecture of the CCU is
essentially that of two one-way 5 direct nmenory access (DMVA) data
channels with an intelligent m croprocessor controller. The function of the
DVA channels is to transfer data fromthe VCU to the nodem and vice versa.

The CCU interface to the VCU incl udes tWﬁdggrarlel DMA buses, a TX bus 107
for the tFonsiptscpinan idleubystecpattendfFjhexr) . oned synexhyte 155 for

th ' h I demto CCU t . _Dat d by the t 1 t
circut s PRxf noHdCBTRYIGHALY, racresed GEaRRARNSH RRSCH MBkecBYLSRros s o
* DVA t . Earty- o] t f dto.th duri h bl ock
ranst o1 BOF; BASIREGRAL dHI: Hcaa PR K Adke B ay'SR SShae voi co
h | - : of ' ' b | :
_channel (hfe! GosbRIE U BofliRNag tald (R3S ' YWl B B 212

<~ The CCU recei veS these transm . transm _ dterface
s, (VL o S B R L il 10
CCU procegpeechraadiaid The speech block is then transferred to the CCU
18, 29 during the next VCBTP as described above. Figure 20B
provides an example of the input and output data timing and
content for 16-PSK modulation. Segment 1 on the output
10 channel is a sync byte; and segment 2 is a processed speech
byte. The cross-hatched segment represents an idle byte
pattern.Note that the sync and speech data bytes will not

occur across VCBP boundaries.

In the silence mode, input speech data from the PBX 15

% .

15 or the STU 27 is consumed but not used. The 41 bytes of
output speech data to the CCU contains a silent voice
pattern.

N

In the standby mode, continuous hardware diagnestic
routines are executed and the resulting status stored in the
20 status register. Block transfers to the CCU 18, 29 will not
occur until the operating mode is changed by a block reguest

corresponding to VCBTPA. The new control word (and operating
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a nicr%pontroller module (MCM) 111 appends a control/sync header to the

coded voice bytes, thereby formatting a conpl ete voice packet for

transm ssion to the nbdemvia a 145 transmt nodeminterface nodule 112
The MCM 111 maintains frame timng information and transfers the data t

the nodem at the proper tine. Before being transferred to the nodemthe

trnsmt data is converted by the MCM 111 fromthe 5 eight-bit byte

format uspdady jfer&bd b9 £heyvew 170" T8 At tde)idihohosti¥ shids per

synbol , dependi ng on the” nodul-ation levels for that slot. The reverse
process i snfSrh&tI6A 18’ pabsel@eed thedTow flreyMmAge nodem Data fromthe
nodemis received by a receive 10 nodeminterface nodule (RMM 114 and
buffered in a receive nenory nodule (RVWW 115. This data is then converted

o~

fromthe 1, 2 or 4-bit-per-synbol format used by the nodemto the eight-bit

byte format uskdcodecr fizame. ilsy delfd ne@ amodral iing ttve rthen sigtplesnen tateisosi ng.
The overhead and control bits are 15 stripped fromthe incom ng data
stream oreguirexents ofstbe RELBVEMOIOr thevodithdhe fnamemustede &t the

frame tining, whi ch_is Erovided by the nodemto a frane tiniq? nmodul e (FTM
8 .

(VCBP),

116 #nd i +BEEURT| BURrERLLAPISH of the (VoiCe: GRAemh RIeGk Refeio

which is 22.5 msec.

Due to the fact that the PBX 15 and STU 27 operate.
asynchronously from iﬁternal.system timing, a means of
detecting, reporting and cqmpensatipg.for data overruns and

10 underruns must be incorporated into the VCU 17, 28. This
condition occurs approximately once in every 5,000 VCBPs.
wWhile detection of over/underruns is implementation
dependent, reporting such errors is provided for in the
status word. Data underflows can be compensated for by.

15 repeating the last speech sample as required, and over;lows

can be handled by disrégarding speech sample(s) as reguired.
After a reset of any one (or all) codecs, VCBTPA will be

the first block transferred from the CCU 18, 29, as shown in

Figure 19A, for example.
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N A S
synbol(strean1 The conég:ted data is provided to the"VCU via 20 a receive
voi ce codec interface nodule (RVCIM 117. The CCU al so provides the

i nk-1evel

control of the radio control channel (RCC) transm ssions at both

t h¢’ base . 146 and subscriber stations. In the base station only one CCU
Is configured, by the RPU, as processing the RCC channel. The CCU controls
the reception and formatting of nessages fromthe RPU in the base station

to the STU.co

trgkh r in tge g scri ber stations. This contro
function 0F°PH§° gﬁﬂeﬁﬂv §1 eﬁgg.ion and error control in the RCC
nmessages as well as the formatting and packetizing of the RCC information
for transm ssion across the radio |link. The CCU al so detects collisions on

‘the inconing ROPa! chARnd3sEontabidr ThA(CTecH) pea®Url Siuiaower and

rangi ng conputati ons

per . L A
or subscriber stations perfdrmng Initral acquisition

efforts. TeenPt2bas0lin' BotHC theS subderiberoigtait iidns ane e datave been
-descri bed above. Figure 22 shows the software-inplenented functional 15

architect ugeationlle @©hé hatawareUusad il ahes v ditatddim tygidis fdrhahe
transmt bus TX 107, the receive bus RX 108 and the microcontroller |ocal
bus 11®. ToeUnfanetdomnr ds,cinl fact, identical. The software in the

10

15

20

subscriber station differs slightly from that ih the base
station. The CCU performs many functions pertaining to the
information formatting and timing-associated with operation
on the time-division transmission channéls. Basic inputs to
the CCU come from four sources. First, there is the actual
digitized samples which are to be transmitted. These are
transferred to the CCU 18, 29 from the VCU 17, 29. (Figures
2 and 3.) This data may be encoded voice Sampies or data
samples from the Rs-232.data port 10 in the STU. (Figure
12.) 1In any case, the digital channels opefaie at 16 Rbps.
Four channels may be processed concurrently by the CCU'18
when operating in the base station with all four l6-level PSK
transmission channels operating. The subscriber station.CCU
29 operates on only one stream, but that stream may be
located in any of the four slot positions assoéiated'with the
TDMA framing scheme. The second'input to the CCU comes via
the baseband control channel (BCC) from the STU 27 (in the

subscriber station) or the RPU 20 (in the base station).
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shares~the TX bus 107 with a nmenory access (DMA) controller 120 and shows

the RX bus 108 with a director DVA controller 20 121. The

m crocontroller 111 uses these renpte buses to control the DVMA controll er "
peri pherals, the control/status registers 122 and to access both the

transmt buffer menory 110 and the receive buffer nenory 115.

The contr ol

and 147 status registers 122 off of the mcrocontroller |ocal bus 119
provi de iThis fseesnéoinpet Rprovilesmointraldmessages ipertaining Ao RS- 232C
link 123 between the RPU and the CCU is supported by a UART on the

m cr ocontmedesrofhopetation| nstasus anduicontiriodr infarmationhe MRy ©f

replaced by the STU but the interface remains the same. The

m cr ocontthe |BGC 1mespagescEEen thet RCak 18hy 2i%c airiey radiisr KOPURAN ar eas:

| ocal RAM. t he transn1t buf fer and the receive buffer. Local

RAM can

furtherlﬁ?iﬂ%ﬁ%n BGGQ peesages wa?f@hﬁﬂ PP&WU;GFFAﬂﬁthRAm e}?gy
i or Scontr 129+ nnaher FEDr LB pedo SOTHARER HiRo FOBEROL. AREDTRARIGH £FM

cont i ns T sﬁéﬂgggﬁaé?&it%“@?%.‘%ﬁ i '%E'&""%aéﬁ?@g%”g}a‘y 5

over the fhagggle, receives control messages from the RPU 20

ch segnent
transm ssi on

or the

STU 27. This determines what the CCU 18, 29 is to do with

the data from the VCU 17, 28. The third input source

10 provides timing and status information from the modem 19, \yf

30a. The modem 19 provides the master clock signal
the VCU—CCU-médem chain. In addition, the modem 19

provides status on the accuracy of ite bit-tracking

used in

» 30a

synchronization, RF AGC level settings and other "goodness"

15 indicators which are used by the CCU 18, 29 to determine if

adequately reliable communications are occurring over the

channel. The CCU 18, 29 attempts to control the

"fine-tuning” of the instantaneous modem 19, 30a operation

through commands to vary the transmit power levels,

20 levels and the timing/ranging computation. Quality

measurements of modem transmissions are reported to

W
the AGC
A
level
the RPU

20 or the STU 27. The fourth input source is the actual

modem data received as symbols of up to four bits each

(depending on the modulation levels). These symbols are
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The prganble and uni que word (RCC only) are constants initialized by the

m crocontroller 11l after a CCU reset. The code word (voice only), voice
data and RCC data are witten into the transit buffer 110 by the
m~crocontrol | er 20 just prior to the DVA transfer to the nodem 19, 30a.

Since the RCC "null ACK' 1is a fixed nessage sent wth a high 148
frequency, it is stored as a separate entity in the transit buffer 110. The

receive b \ 5 i y\4i ' [4S] |1 g t

Cegmen 1BOFShrbl SRaiteal uth BRI Yo Mi WSRO FecelVe
transferrggeg@itsVForl dedodinyd S+ RCC data is buffered separately from
voice data to allowits retention over a |onger period of tinme. If

“necessary, the microcontroller 111 can maintain-a two franme RCC history in
the receiver buffer 115, meking the RCC copy task (from 10 buffer to

local RAM |esricure 2INdga Blodk Akuyran e |06l CEWAWM criig ai ns t he
“wor king variables used by the mcrocontroller 111. One inportant data
struct ur easthitectivres oflithe (CCU hiss lessdretnich Xontthad t afinbwd qri2EGyaypet ween
the CCU and the RPU. One register bank of the local RAM is 15 assigned
to provi déipectc memary iavansmit(DMAk date damePls with an intelligent
microprocessor controller. The function of the DMA channels
is to transfer data from the VCU to the modem and vice versa.
The CCU interface to the VCU includes two parallel DMA buses,
a TX bus 107 for the transmit channel (VCU to CCU to modem)
10 and a RX bus 108 for the receive channel (modem to CCU to
VCU) . Data processed by the transmit circuits in the VCU is
buffered in the VCU ﬁemory until the CCU requests a DMA
transfer. Forty-one bytes are transferred to the CCU during

each block transfer period. Two of these blocks are

15 transmitted per active voice channel (up to four voice
channels in the base station) per TDMA frame. The CCU
receives these transmit bytes via a transmit voice codec

\.) interface module (TVCIM) 109 and buffers them in a transmit

memory module (TMM) 110. Depending on the specific mode of
20 operation for the given channel, a CCU processor embodied in

a microcontroller module (MCM) 111 appends a control/sync

header to the coded voice bytes, thereby’formatting a

complete voice packet for transmission to the modem via a -
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i inter(upt handl er. A pointer and length field in this bank defines the
active transmt data block (TXDB), fromwhich data is read and transmtted.

The TXDB contains |Iength and pointer information to the next TXDB in the

gueue; hence 20 formng alinked list. On the receive side, a circular

buffer is used to store incomng data bytes. \Wien a conplete 149 nmessage

i$ received, the interrupt handler flags the serial code to interpret it.

The m cr eGaHgmi¢ Godém imverface wodhleoudl2l9 TheaMCMsilihmaiptednpskFU and
CCU control /status registers 122. The bus 5 al so provi des access, through
i sol at i orfangs tmingi infdomation 185d: tranef@xshsbeldatangor thermogen 108
respectively. To avoid contention, the renote buses 107, 108 are only -
accessed aty the properotime) | cBefore heinghsrpasfesrede toviheoMPASM er 120

or 121 is idle. 10 The CCU and RPU connunicaé? via link 123 through
a full dihextrensmit datariaceonverted PHothes¥e¥nd 1dofTPB tBfannel (BCO).

As h h { i ght - Qi bi t it t 9600
S e ELEChHS ensh pnall by bR et 4 BB
Nessages are, ec ol 20,0y 2015, UBLGE LS Medpeihg Ll 10 STl oyed

modulation levels for that slot.

The reverse process is performed for the receive data
from the modem. bata from the modeﬁ is received by a receive SJ
10 modem interface module (RMIM) 114 and buffered in a receive
memory module (RMMl_ils. This data is then converted from
the 1, 2 or 4-bit-per-symbol format used by the modem to the

eight-bit byte format used_inte:nallyhby the CCU and all

other baseband processing. The overhead and control bits are

15 stripped from the incoming datalstream.on.the RX bus 108 by
the MCM 111 according to its knowledge of the frame timing,
which is provided by the modem to a frame timing module (FTM)
116 and its own identification of various code words in the (;)

symbol stream.. The conve:ted_data is provided to the VCU via

20 a receive voice codec interface module (RVCIM) 117.

The CCU also provides the link-level control of the .

radio control channel (RCC) transmissions at both the base
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uniquéLbyte occur within a nessage. An alternating bit protocol and an
eight bit checksumare used to ensure link integrity. Two external
interrupts are supported by the 20 mcrocontroller. One is generated by
t\e transmt DVA controller 120 and the other is generated by the receive
DVA controller 121. These interrupts occur when the respective
cohtroller 120, 121 conpletes its block transfer; hence, releasing control
of its buantiosubscribex gtiatidns. 11In tHe HXie istationw onky done CChyisn
internal interrupt. 5 The software is interrupted upon receipt or
t ransnm ssconfigured;t dy Ahe RPhaAs processing ECRCE whannekol IBhe 111 is
responsible for controlling and nonitoring the entire four channel data
- pat h assi §&8d coptinols\iheh TeREREASR 13nd \ﬁqQ}'“!La?t,tllf!B obgnessage fnem 29,
t he nbdem 19, 30a ,and . the RFU 20, 31a. At the subscriber, station, the
mi crocont k5 BPUL AP tha kase KRAHAR 1t the ST RPMERRIAR, D EP® upport s

orly.8ne Sakacith, MO D DR S ARl L Elod LY L e bese
the VCU V"'&#a@ori%es- He B Ad Uhd AP HroOHE GIAKES :ﬁ’g“&é‘égé)é"é’s on

system sl
well as the formatting and packetizing of the RCC information

for transmission across the radio link. The CCU also detects
collisions on the incoming RCC at thé base station. The CCU
\ 10 controls the power and ranging computations for subscriber
stations performing initial acquisition efforts. The
protocol for acquisition and other RCC functions have been

- described above,

Figure 22 shows the software-implemented functional

architecture of the CCU, The CCU has three separate data

péths: the transmit bus éx 107, the receive bus RX 108 and

the microcontrollér local bus 11%. The microcontroller 111
_ shares the TX.bus 107 with a memory access (DMA) controller
o/

120 and shows the RX bus 108 with a director DMA controller
20 121. The miciocontroller 111 uses these remote buses to

.control.the DMA controller pefipherals, the control/status

registers 122 and to access both the transmit buffer memory

110 and the receive buffer memory 115, The control and
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boundari es. During speech conpression operation; the CCU al so provides the
VCU with information as to the position of the.VCU bl ock within the system
slot (there are two VCU 20 bl ocks per systemslot). VCU addressing is o
established by the CCU prior to a data transfer, which acconplishes the o/
M{X/ DEMUX task. VCU status is read by the CCU after each bl ock transfer and
appr opri astatest registexsc 122 off the microgontmad leau kegakibus iHi%iate

a VCU hard reset and/or_ a VCU. 5. . The m crocontroller 111 provides

e O O o oL e e oo on the X
i e ek iyl Bl ok yiar s wdal
lrg\c/glot ;(r)]g ﬁﬁheﬁypfoylp‘gg 3%6(:6"t "’t‘?F"é"‘r‘r"é% 1R X - of ¥ dthe AGC
provrr'ded BLEF%:E&EB a&@% Tﬁ‘égcégﬁcﬁnstr %@%% 'grﬁ?%%@oigm em hard

reset, Lgt%Fggchr@ﬁaln@g@@éugsﬁékatralnlng nmode.” The CCU handl es ful
duplex data flow via the transmt and receive buses 107, 108. During a

given slot tine,

The microcontroller Illlhas accéss to three physically
separate RAM areas: local RAM, the tranémit buffer and the

receive buffer. Local RAM can further be broken down into

10 on-éhip RAM and off-chip-RAM. The fransﬁit buffer and the
receive buffer_cén oﬁly be accessed by the microcontroller

when the respective DMA controller is idle.

The transmit buffer 110 is divided into a number of
distinct segménts.' Each segment'contains the skeleton of a k);

15 voice or RCC:packet; ready for transmission over the channel.

The preamble and unique word (RCC only) are constants
initialiied by the microcontroller 111 after a CCU reset.
The code word fvoice oniy), voice data and RCC data are g;/
written into the transit buffer 110 by the microcontroller
20 Jjust prior to the bMA transfer ﬁo the modem 19; 30a. Since

the RCC "null ACK" is a fixed message sent with a high
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transni&mvoice data originating at the VCU is block ttansferred to the
transmt buffer 110 via the transmt DMA 20 controller 121. Each bl ock
i s.one VCU block in |length; hence, two such transfers are required for each
voice 152 | channel. The CCU provides the VCU with the appropriate
channel address prior to the transfer, thus effecting the multiplexing
opeﬂation. A preanbl e and code word, stored in the transmt buffer 5 110,
is sent outfrEcguehcy, tie JMstioted ddstdcsopaiate néneitgach ehelerdhSic
transmt DVA transfers data fromthe transmt buffer to the rec*o Ing FI FO
stock 128 Wufifex nlwdem recei ves data fromthe FIFO stock 128 as
required. Byte to synmbol conversion is acconplished by the byte-to-synbol
10 converter 127 during the transfer. Control of the transmt DVA
peri pheral is handl ed by the nicrocontroller, along with the creation and
insertion of th iRECeLY& Hutire Md?-sﬂé%\éid/%ddgn'epf#cmnmenemi/ much a

mrror im f.the transmt Sié#% Data is witten into the recl ocking FI FO
15  stack INCL Segmenty- 1 PR (FRIMSRE 8 ofonckhe sterage of waive

controkler gl QR &S {d'DdtF2 4 aaczlx(dl PanttOrils on a VCU block basis.

RCC data is buffered separately from voice data to allow its

retention over a longer period of time. 1If necessary, the

microcontroller ll1 can maintain a two frame RCC history in
W/ the receiver buffer 115, making the RCC copy task (from

10 buffer to local RAM) less of a time critical event.

The local RAM contains the working variables used by the
microcontroller 111, One important data structure stored

there supports the baseband control channel (BCC) between the

CCU and the RPU. One regisfer bank of the local RAM is
15 assigned to pfovide basic queue information to the RS-232C
interrupt handler. A pointer and length field in this bank
\v; defines the active transmit data block (TXDB), from which

data is read and transmitted. The TXDB contains lerngth and
pointer information to the next TXDB in the queue; hence
R 20 forming a linked list. On the receive side, a circular

buffer is used to store incoming data bytes. When a complete
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receiQe buffer 115 as required.  Synbol-to-byte conversion is acconplished
by the synbol -to-byte converter 126 and frane timng is acconplished by the
clock circuit 130. Byte 20 boundary alignnent occurs automatically once

t he channel is in sync. Once a conplete VCU block is received, it is DVA
153 bl ock transferred to the appropriate VCU Control of the receive DVA
cbntroller i s handl ed by the m crocontroller 111. Code word detection is
per f orme e vad€ +MeC; Q%@y' ~ fay et igedsdaK bY
copyi ng %ée?%(a) é§¥ §\%grhév§§t'etlmr?t (:)l%t e I“?(ga %jea!ﬁ?]'c ar |Jlng'%|rtl 0 a

list of vabad €8d¢n¢erPretDiti,ng each slot the nodem 19, 30a provides a
fractional synbol offset and an AGC val ue. These are read by the

m crocontroller 111 and interpreted appropriately. |f power or ranging ‘
probl ens exist, the 10 subscriber station is infornmed of this via the
transnmt code PhedmitracomtroRderdaild ivsesyritieedcoxl ibug [ % ranavdesnif f er
110 by the CCU according to the contents of the RCC nessage queue. If the °
RPU has sthe medREG RFUsagd CEU ieontlol istiatues regisstense 122 .f orThet thaxk i n
‘the transmt buffer 110. O herw se the NULL KNOALEDGE nessage, pernanently
stordd i nalge provides access, through isolation logic circuits 124

and 125 to the TX bus 107 and the RX bus 108 respectively.

To avoid contention, thé.remote-buses-107,'108'are only

accessed by the microcontroller 111 when the respective DMA

controller 120 or 121 is idle. : : o 7

10 The CCU and RPU communicate via link 123 through a full
duplex RS-232C interface, called the baseband céntrol channel
(BCC). Asynchronous characters are eight-bit binary and are:

transmitted at 9600 baud. One start bit and one stop bit are :

used for data byte framing. Messages are terminated by a ~
15 unigue byte with byte stuffing employed to_avoid having thé

unique byte occur within a message. An alternating bit

protocel and an eight bit checksum are used to ensure link <;/

integrity.
Two external interrupts are supported'by the L .

20 microcontroller. One is generated by the transmit DMA

controller 120 and the other is generated by the receive DMA
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transnitt_buffer 110, is used.. Once the RCC packet }é ready, the RCC
preanbl e, unique word and RCC data is DVA transferred to the nodem 19, 30a
as it is needed. The CCU perforns 20 collision detection and sets the
out’bound RCC col lision detection bit accordingly. 154 The receive RCC
data handl er has two nodes: frame search "and nonitor". In the frane
sehrch node, the RCC channel is considered to be out of sync. " Every

i ncom ng BEhe¥RINGE st ' (¥ﬂég%é§?¥ 'égﬁ Wi Y, 'ﬁg;'on 5
al gorithm Itn tsl_e nnlnr%it'or li‘rir"ng e, e cﬁ?nne 1ai S |'ﬂl§§/nc %rf%e% e éur)i gue
word sear gindhr@AldMacs, NP1 idiffiekes Rt PAFOHK Addsfer Alngnce, N the
frame search node since subscribers may burst 1n wth bad timng at any

“time. Al tle@eading iduttrdRiIdPNtd MR e d¥beontfol Terd g pni tor 10
node unl ess the station has not acquired RCC synchronization. In the frane
search node, unique word (UN detection is perfornmed after every RCC slot.
"The mcrocontroller 111 perforns this task by scanning for the unique word
in a w ndow ab3e tBQE "imtenfHce uie (dreiven by coatintermiik dostsfnxtuphs,
uni que word detection provides the CCU with synbol timng informtion.

5 The software is interrupted upon receipt or transmission of a

byte.

At the base station, the CCU microcontroller 111 is
responsible for controlling and monitoring the entire four
channel data path assigned to it, which includes the VCU 17,

10 28, the CCU 18, 29, the modem 19, 30a and the.RFU 20, 31la.
At the'subscriber station, the microcontroller 111 controls
and monitors the same hardware, but supports only one data

path. The CCU, in turn, is controlled by the RPU (in the

base station) or the STU (in the subscriber station).
15 The CCU provides the VCU with mode of operation
U information. Mode changes occur only on system slot

boundaries. During speech compression operation, the CCU
also provides the VCU with information as to the position of
4 the VCU block within the system slot (there are two VCU
20 blocks per system slot). VCUladdréSSing is established by

the CCU prior to a data transfer, which accomplishes the
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Receivé‘RCC data is DVA transferred fromthe nodem 19, 30a to the receive
buffer 115. Once the transfer is conplete, the RCC data is copied into the
| ocal 20 m crocontrol l er RAM for processing. Receive RCC packets are o
filtered by the CCU. An RCC packet is passed to the RPU only if the unique
mo{d is detected-and the CRC is correct. 155  During RCC operation, the
correspondi ng VCU channel is placed in standby. No data transfers occur
bet ween t NEXYOBMIX tiask COYCUirstatusi is chemd by pthe )0CUbaftenneath
transmt and receive data paths 107, 108. 5 The software executes on
an Intel 3docknitzansfiar Andrappuopriatyratatistige aseppaintieinedrbyy
external EPROM on the m crocontroller |ocal bus. The software is required
to respon®heo C8Ux she &V LaRsrispnintbiate @ VEH hesd nregetp2re/arca
Kbps data_flow in both directions w thout |oss of 10 data. FIFO
bufferingvﬁy'the stacks 128 and 129 on the nodeminterface provides the
required slack tinme for the mcrocontroller 111 to performthe DVA bl ock
transfers and systemcontrol functions. The software is divided into five

separate nodul Gg;e fo’icréé@:?ii"bf?é:' i’ﬂ?p&&@f&é?rth?%ﬂ-éﬂé?ﬂ&&ﬁiat?&@/‘-

contrdl and
level to a symbol-to~byte converter 126 on the RX bus 108 and

a byte-~to-symbol converter 127 on the TX bus 107,

The modem is provided with information concerning the \J
type of data being received, RCC or voice, due to the
10 different acquisition procedures used in their recepfion.

The modem provides the CCU with a fractional clock_offset;

AGC level and link quality value every slot. The CCU
frequency assignment is provided by the RPU or STU. The CCU

controls the initiation of a modem hard reset, self test or ~/

15 receive side training mode.

The CCU handles full duplex data flow via the transmit

and receive buses 107, 108. During a given slot time,

transmit voice data originating at the VCU is block _
transferred to the transmit buffer 110 via the.txansmit DMA
20 controller 121. Each block is one VCU block in length;

hence, two such transfers are required for each voice: ' ~
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utilit@;' Each nodule is designed to have only one entry and exit point,
with the exception of interrupts and error conditions. A further exception
tothis is the utility nodule, which contains an assortnment of utility
rodtines 20  accessed directly fromthe other nodules. |In general, 156
I nt er-nmodul e conmuni cation takes place through the use of gl obal variables
ddfined in a separate data segnent. The supervi sor nodul e includes an

| ni Ui al | 2ghkfRed UnCi encceﬂkggagggaoxﬁaa gPLaeh am%gg%?gagﬁge”om °

basi ¢ sel tes fun I oNns transter ul'e su control of

dat a tra”éﬂEﬁnﬂieidhgﬁszxggﬂﬁrigz Fﬁn8¥59”5tﬁg§ F??ePQEB V@hge and

RCC, perfornms sync word tection ul’ation eve both voi ce
“and RCC QQﬁgt;gmdxgugpgbbgaigon.the CCU—RPU RS- 232 conmuni cation |ink 123.

The BCC transcei ver nodul e perfornms BCC transcei ver duties, handles the BCC
gqueues, formats transmt BCC nmessages, processes receive BCC data and noves
"RCC data in and out of the CCU via the BCC. 15 The BBM contr ol
modul e controld prealBle andegpdeCéoxd] €Eorkedr dnatbevitzanemitt buffercads
and inter?rets st at us
10, is sent out ahead of the VCU data at the beginning of

each slot. The transmit DMA transfers data from the transmit

buffer to the reclocking FIFO stock 128 while the modem

receives data from the FIFO stock 128 as required. Byte to

symbol conversion is accomplished by the byte-to-symbol
10 converter 127 during the transfer. Control of the transmit

DMA peripheral is handled by the microcontroller, along with

the creation and insertion of the voice packet code word.

Receive data flow is very much a mirror image of the

trénsmit side. Data is written into the reclocking FIFO
15 stack 129 as it appears from the modem 19, 30a. The receive
DMA controller 121 empties the FIFO stack 129 into the
\J receive buffer 115 as required. Symbol-to-byte conversion is

accomplished by the symbol-to-byte converter 126 and frame
timing is accomplished by the clock circuit 130. Byte
20 boundary alignment occurs automatiéally once the channel is

in sync. Once a complete VCU block is received, it is DMA
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inforngxion fromthese devices (e.g., nmodem AGC, link quality and synbol

anbi guity), decodes enbedded code words in the receive voice channel,
formats the code word for the transmt 157 voi ce channel, maintains a .
real tinme software/ hardware tinmer and perfornms online self tests. The o
utjlity nodul e perfornms m scellaneous utility routines accessed by the

other nodules. The CCU software is divided into four separate processes

whi ch esdslvclal tyanpfertedctocthecappyopriiate WCH.t hCoR€Eodans, th¥ DVA and

RX DMA processes, which are interrupt driven and are invoked only when a
specific taa:ivdehuhdeoatrehlennlsAhhnd&eéebyfthheméccncoomrwddeprdddsses

are located in the 10 data transfer nodule. The remaining process, which
is distributed anong all of the nodules, is a background process which
initializes, controls and nonitors . the other three processes. As _BCC

nessages_arrlvgpﬁFoHPFﬁe rbectipnsi® PeriRsmed £oX, BYEXYH&10%rat TH€), they
oL e e SR DU e B e BORI8he PERSESRy SRS Ro" OBl G TEo50°
mai | BoX. TheaPRgEd’ eHed RhaCTaRaRCRaM allS cORbaRMGIYE BY a 1ist of

valid code words. During each slot the modem 19, 30a

provides a fractional symbol offset and an AGC value. These

are read by the microcontroller 111 and interpreted o

appropriately. If power or ranging problems exist, the \/

10 subscriber station is informed of this via the transmit code

word.

Transmit RCC data is synthesized in the transmit buffer

110 by the CCU according to the contents of the RCC message

gueue.  If the RPU.has sent an RCC message to the CCU, this
15  message is formatted in the transmit buffer 110. Otherwise
the NULL KNOWLEDGE message, permanently stored in the
transmit buffer 110, is used.. Once the RCC packet is ready, &;)

the RCC preamble, unique word and RCC data is DMA transferred
to the modem 19, 30a as it is needed. The CCU performs
20 collision detection and sets the ocutbound RCC collision -

detection bit accordingly.
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its mai h-1oop; hence detecting any new nessages. Messages 20 are

I nterpreted by the background. and relevant action is taken. Any reply is
witten into the transmt BCC nessage 158 ( queue by the background
process and the BCC data process is duly notified. BCC nmessages can
inifiate a reconfiguration of the CCU data channels. The necessary control
information is witten 5 to the nodem 19, 30a and the VCU 17, 28 at the
appropriate tifte feceivelcRCCGcdataphandlervhasntwol modesd: on® Stame
boundari es. The VCU expects node changes to occur on the first VCU bl ock
transfer dfearchbtandutmenitorhe binkgheufixiape osesxchsmodepotlseRect or
seeing that the correct control 10 timng is maintained. Status gathering
i s perforrﬁé’t?’ﬂ}ﬁjthbsb‘a%’kﬁ%md tF‘?( brropt cefseynnd tBeeRX DMropingeRRC The
| atter two coll ect status WOr om the TX and RX sides of the VCU

respect i vaI§£SagH Pyt r?é%e%%%‘? ‘B‘é\'&éﬁge“?h@%e‘s‘P’&%%elﬁ‘”dréﬁ%@‘é’f%ﬁcan
For 1 B ¢ LT S0 o7 16 e et BeE P Btinctbr cReSschatmel sie & payne ® °"
i nformati o dli (€t iNique word search-algorzthm is not invoked. The

base station is always in the frame search mode siSce

Subscribérs may burst in with bad timing at any time. At the

subscriber station, the RCC &ata handler is in the monitor

\« 10 mode unless the station has not acquired RCC synchronization.

In the frame search mode, unigue word (UW) detection is
performed after every RCC slot. The microcontroller 111
performs this task by scanning for the unigue word in a

window about the "nominal”™ unique word location. Successful

15 unique word detection provides the CCU with symbol timing
information. |
. Receive RCC data is DMA transferred from the modem le,
/

30a to the receive buffer 115. Once the transfer is
complete, the RCC data is copied into the local

20 microéontroller RAM for processing. Receive RCC packets are
filtered by the CCU. An RCC packet-is passed to the RPU only

if the unique word is detected and the CRC is correct.
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fromthé nodem 19, 30a via the station registers 122 on the local bus 119.
Once col lected, all status information is 20 col l ated by the background
process and stored in specific status variables. Status requests received
fromthe RPU are 159 handl ed by t he background process, based on this
s%atus hi story. Sone status information, |like the AGC value and fracti onal
bit offset, may necessitate CCU action: Apart 5 from being stored as
status history, such data is used to correct subscriber power and rangi ng

{ B?;Lred"ga :JIinrtef A A SRR Tenf VR RRoh g1 e FRRRRES, B8
AGC and r EAGEeS o ¥hnltby ) WY ddfa B FEES AGEcrt pefdllh BhBDVED® "5
transmt g %%&ﬁ%&fﬁ:;%g@tﬁﬂﬂﬁfs%i'?oa?tbétﬁdonFeﬁeVQi'SESﬁit

channel s, this status 1nformation 1s used ormat code words which are
enbedded ighd ek \@ £ preket 507 Jhepo®ackground process perforns 15
this formatting function and controls the transm ssion of the code word via
t he voice channel. Al code words nust be transmtted five franes in a row,
providi ng 5:1 redundancy ' ' B '

5 The software executes on an Intel 8031 microcontroller

111. frogram storage is provided for by external EPROM on

the microcontroller local bus. The software is required to

respond to DMA service requests in real time, maintaining up J

to a 64 Kbps data flow in both directions without loss of h
10 data. FIFO buffering by the stacks 128 and 129 on the modem

interface provides the required slack time for the

microcontroller 111 to perform the DMA block transfers and

system control functions.

The software is divided into five separate modules:
15 supervisor, data transfer, BCC transceiver, BMM control and
utility. Each module is designed to have only one enfry and
exit point, with the exception of interrupts and error _ Y

conditions. A further exception to this is the utility
module, which contains an assortment of utility routines

20  accessed directly from the other modules; ' In general, .
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codi ng:---The TX DVA procéés automatically transmts the code word sel ect ed

by the background process. 20 The background process al so naintains
a.software/ hardware real tine clock. This is done by polling one of the
8031's timers and counting overflows. The real 160 ( tinme clock function

provides a tinme base for software tineouts and other tinme dependent events.
Thé background process checks to see that systemtimng is being nmaintained

by pol i “Qn@i%ﬂ!ﬂ%&ﬁr&&{i&mﬁg&?tﬂﬁe %ﬁéﬁ@@éﬁ%& ‘f‘séaaa

transfer events are occurring n they s ystemtrame. System

fram ng | IHEL ivirisb e déPthed did '@ Sépdiacd sued cfedmeéne, status line
and a tiner connected to the 16 KHz cl ock 130. Data synchronization is

performed by the background process. 10 The BCC data process
responds to RS-232 interrupts, which can occur for both the transmt and
receive directiThe sipeiwisor imodike pinchsdesiapl inbtixlizatwhonher byte on
‘the transmt side or inputs another byte on the input side. An
end- of - redBinftihn i Mmaintains toveralliprogran contrel tard gEEr ferms dat a
routine to notify the background process.

5 basic self test functions.

The data transfer module supports the control of data
transfer over the TX bus 107 and the RX bus 108 for both
- voice and RCC, performs sync word detection for all
modulation levels on both voice and RCC data, and supports

10 the CCU-RPU RS-232 communication link 123.

The BCC transceiver module performs BCC transceiver

duties, handles the BCC gqueues, formats transmit BCC

messages, processes receive BCC data and moves RCC data in
and out of the CCU via the BCC.
" 15 The BBM control module controls the RFU, modem, VCU and

CCU hardware via registers, reads and'interpiétsrstatus
information from these devices (e.g., modem AGC, link quality
and symbol ambiguity), decodes embedded code words in the

receive voice channel, formats the ¢ode word for the transmit

157
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The TX DVA process and the RX DVA process handle the transmt and receive
DVA channels. A step-by-step description of the data transfer function
controlled by the software is provided below. Events in the 20 dat a :
transfer process are marked by DVA controller interrupts. The interrupt o/
occurs after the DVA controller 161 has conpl eted the assigned bl ock
tr%nsfer. Each wal k-t hrough starts at the beginning of a slot data

transf er. vioiceachainel o naigitains i guresl 28inedséfitwarethprdwarei bimenr ough
‘'this section. Figure 23 is a timng diagramfor transferring RCC 5 and 16
PSK voi ce at pexforns ionline tself vtestde CCU. Figure 24 is a tining

diagram for transferring RCC and 16 PSK data on the receive bus of the CCU.
Tabl es 13 and 14 describe the characteristics of the time synbols shown in

Figures 23 and 24 respectively. 10 3 . Table 13
Ti e Synbol | The ALt} Rodule pexforpa missellpnnpps, PEL}ityTy

[err])
EﬁkrlranSﬁad%%%é%ﬂgéﬁ%#Egd by the O&Egr'm3651e§5 %g?r%err] . VcuU

transfer from : 900
5 The CCU software is divided into four separate processes
which e#sentially.operate concur:ently. Three are the BCC
data, TX DMA and RX DMA processes, which are interrupt driven

and are invoked only when a specific event demands attention. o/
All three of the event driven-processeé are located in the
10 data transfer module. The remaining process, which is

distributed among all 6f the mbdules, is a background process

which initializes, controls and monitors the other three

processes. . .
o/
As BCC messages arrive from the RPU (or STU in the
15 subscriber station), they are receiyed and buffered by the
BCC data process. Once a complete message is received, the ;
o/

BCC data process notifies the background process via a

mailbox. The background process polls this mailbox during

its main loop; hence detecting any new messages. Messages
20 are interpreted by the background and relevant action is

taken. Any reply is written into the transmit BCC message - -
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RCC t x %Dden1block L’ 10350 103§g;tNQ 1st Rx nobdem

bl ock -~- 4300 4300* t M3 2nd Rx nodem bl ock

25 | 4825* 20 * Based on RELP VCU 162 Tabl e 14 Synbol

Oper ati on Max([err]) Mn([err]) Typ([err]) [err]

CCU DMA set up 150 100 5 t VCB VCU DVA
t r ahsfer 600 100* [err] 1st Tx nnden1b|oz§2
-- * : T _ -

5 45 580 by thBackfibing protihs’ and tHE YR aaty, process 4g 177,
t RCC RC&ulyonotariea. --- ---- 900 * Based. on

RELP VCU Transmit Function - RCC 1. Receive "end of TX DMA transfer”
interrupt. This signals that processing of the previous slot is conplete
15 and that processing of the next slot can begin. The TX DVA
process is i nvoRCC. messagdsi canodihitdaitenla dedviigurt tivi ok ithe ©dy chi ng

information. This information is required by the nodem 19, 30 and the
byt e-t o- sy@dbs ebandels. 1The necessary control information is written
5 to the modem 19, 30a and the VCU 17, 28 at the appropriate
times. The modem acts upon a new control word on slot
boundaries. The VCU expects mode changes to occur on the-
first VCU block transfer of a slot boundary. The background

process is responsible for seeing that the correct control

10 timing is maintained.

i Status hathering is performed by the background, TX DMA
process and the RX DMA process. The latter two collect

status words from the TX and RX sides of the VCU

respectively. This is necessary because these status
15 registers can only be accessed via the TX bus 107 and the'Rx
bus 108, which are idle only for limited periods of time.
U, The background process gathers status information directly

from the modem 19, 30a via'the station registers 122 on the
local bus 119, Once collected, all status information is
20 ccllated by the background process and stored in specific

status variables. Status requests received from the RPU are
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20 ( b. Format any pendi ng RPU RCC nessage in the transmt buffer
110. O herwi se prepare and send the null acknow edgenent nessage. cC.
Initialize and enable DVA transfer fromthe transmt 163 buffer 110 to
t he nodem 19, 30a pointing to the RCC preanble, unique word and RCC data
bl ock. d. Return frominterrupt and proceed w th background processing. 5
Tdansmit Function Voice 1. Receive "end of TX DMA transfer"” I nterrupt.

This sign3landled Wy ckles backgfouhd provesss basedi encehilscseatng t hat
processi ng of the next slot can begin. The TX DVA process is invoked. 10
a. Witeldstomyce channel and nodul ation switching information for next
slot. This information is required by the nodem 19, 30a and the

byt e-t o-synbol converter 127. b. Sel ect VCU port address and enabl e DVA
transfer 15 fromVCU to transmit buffer 110_ c. Wite VCU
control word. dome |statugpinformasionsr likeahbecpAGC value and

fracticnal bit offset, may necessitate CCU action. Apart
5 from being stored as status history, such data is used to
correct subscriber power and ranging problems. 1In the case1
of RCC messages, power and range information is forwarded
directly to the RPU as part of the RCC.. The background |
process performs this function by formatting a BCC message O
10 containing the RCC, AGC and ranging data. Once the packet is
ready it is placed in the transmit BCC gqueuve and the BCC data
process is notified. For voice channels, this status

information is used to format code words which are embedded

\o/

in outbound voice packets. The background process performs
15 this formatting function and controls the transmission of the
code word via the voice channel. All code words mugt be
transmitted five frames in a row, providing 5:1 redundancy
coding. The TX DMA process automatically transmits the code

| . </
word selected by the background process.

20 The background process also maintains a

software/hardware real time clock. This is done by polling

one of the 8031's timers and counting overflows. The real -

160
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e. Réturn frominterrupt and proceed with background processing. 20 2.
Receive "end of TX DVA transfer” interrupt. This signals that the VCUto.
transmit buffer transfer is conplete. The TX DVA process is invoked. a.

Redd VCU status word. 164 b. Wite code word to the transmt buffer
110. c. Initialize and enable DVA transfer fromthe transmt buffer 110
to the nodem 19, 30a pointing to voice preanble, code word and voice data
block. 5 time cldck fuplction PYOVided ladin bade ofme sostwdrekground
processing. 3. Receive end of TX DVA transfer” interrupt. This signals

t hat the timebuits andl eitherartime dependent teverstsd [THeé dackidrdund he nodem
19, 30a is conplete. The TX DVA > 10 process is invoked. a.

"Sel ect VCprpeessadiesks &iod ssrealtiha Dy sitrean Sfigming cis W@ing naintained
buffer. b. Wite VCU control word. c. Interrupt VCU to start transfer.
15 by polding: £CU handwane grramdndisatars.and whegkinmdthat

5 data transfer events are occurring when they should in the
system frame. System framing information is proVided via the
start of system frame status line and a timer connected to
the 16 Kﬁz clock'130. Data synchronization is performed

by the background process.

W,

10 The BCC data process responds to RS-232'interrupts, which
can occur for both the transmit and receive directions of the
port. The process simply outputs another byte on the -
transmit side or inputs another byte on the input side. An

9 .end-of-message delimiters on the receive side causes the BCC

15 data routine to notify the background process.

The TX DMA process and the RX DMA process handle the

transmit and receive DMA channels.

A step-by-step description of the data transfer function
controlled by the software is provided below. Events in the
20 data transfer process are marked by DMA controller

interrupts. The interrupt occurs after the DMA controller
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processing. 4. Receive "end of TX DVA transfer” interrupt. This signals

that the VCU-to-transmt buffer transfer is conplete. The TX DVA process is
i nvoked. 20 a. Read VCU status word. b. Initialize and enabl e
the DVA controller 120 for transmt buffer to nbodemtransfer. c. Return
frpn1|nterrupt and proceed mnth background processing. 165 Recei ve

Functi on ei tganst eryupt I S

signal s t hQFSpF&n(?&ﬁ 3 (#’g[ %ﬁﬁ&%tq’?%gﬁﬁ e'?% Bﬂlﬁf Iplro_ugh

processing e e S| proge

I nvoked. as@&r%%t u& Mmﬁ%l dh. wétanf%ﬁ%% ?%/‘ﬁ [ 59§e§§¥r§818y

the symbol ¢(,04 4n“§?§ r

recei ved th%é |n%§rnat| n at t sat‘?e22 é%prégge&ﬁh%n§ﬂ¥8 %egggé

enabl e DMAgeedQdi fFi %?ix@@mrﬂ 1m0 dDadhem' 262 ¥9aﬁ§§£9h.ﬁ§5nf:§r

t he RCC nessage. c. turn frominterrupt and proceed wth background

5 and 16 PSK voice data on the transmit bus of the CCU. Figure

24 is a timing_diagramrfqr transferring RCC and 16 PSK data
on the receive bus of the CCU. Tables 13 and 14 describe

the characteristics of the time symbols shown in Figures 23

and 24 respectively.

10 : _ - Table 13
Time ' ’
Symbol Operation | Max(pns) Min (us) Typ (us)
——ts “CCU DMA setup _ 150 — — 100
tVCB VCU DMA transfer 609.. . 100
15 t "RCC transfer from _
RCC | ccu _— —— 900
tuo “RCC tx modem block ——- 10350 | 10350
€ty 1st Rx modem block - 4300 |  4300%
t 2nd Rx modem block - 1 - 4225 4B825* ‘
M3 . o/

20 * Based on RELP vCu
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proceséing. AGC cal cul ation and bit sync anbiguity processing should take
place at this tine. 15 2. Receive "end of RX DVA transfer"” interrupt.
This signals that the RCC transfer fromthe nodem 19, 30a to the receive
bdfer 115 is conplete. The RX DVMA process is invoked. a. Copy RCC into
| ocal RAM b. Return frominterrupt and proceed-w th background 20
precessing. Prepare to pass received RCC on to the RPU if unique word is
detected and the checksumis correct.plffe 34Receive Function - Voice 1.
Receive "end of RX DVA transfer' interrupt. This signals that processjng
of the previous slot is conplete and that processing of the next slot can

begin. Th§ Fiime —DVR process 15 1NhvoKked. a. Serap T at a
‘Wi th corre¢tsymbol ali on. operatisehor mati prvasg (pepuil rrgniojs) he Typ (ps)
symbol -to-byte converter 126. The nodem Wi ll have &lready regeived thi$
informati oh atet hi s|tCQE. DEB setup b. |n136a||ze and=enafhl e DVDO
transfer ftomithe npdem 19, 30a to the réceive buffer for thé first hallf
sl ot gf tycs VCU DMA transfer 600 —— 100*
tyo | 15t T modem Block - 5335 5825%
tw1 ~2nd Tx modem block - 4225 =~ 4825*%
€, | RCC Fx modem BIock - 5600 | S800%
t RCC transfer to —— -— 500
.10 RCC ccu
o/

* Based on RELP VCU

Transmit Function - RCC
1. Receive "end of TX DMA transfer™ interrupt. This

- signals that processing of the previous slot is complete

~ 15 and that processiﬁg of the next slot can begin. The TX
bMA process is invoked.
a. Write'out'control channel and modulation switching
. information. This information is regquired by the
~ moder 19, 30 and the byte-to-svmbol cﬁnverier i27.
20 b. Format any pending RPU RCC message in the transmit

- ' buffer 110. Otherwise prepare and send thé null
acknowledgement message.

c. Initialize and enable DMA transfer from the transmit
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voice(data. C Returh'fronrinterrupt and proceed Wi t h backgr ound

processing. AGC cal culation, bit sync anbiguity 15 and code

M

word processing should take place at this tine. 2. Receive "end of RX
transfer' interrupt. This signals the first half slot transfer fromthe
nodem 19, 30a to the receive buffer 115 is conplete. The Rx DVA 20

Brocess is invoked. a. Sel ect VCU port address and enabl e DMA transfer

fromthe receive bubwEfen 1319 ctehtheGuodenndd;r 3fa peintingt 4ot theaRCler .
b. Return frominterrupt and proceed w th background 167 pr ocessi ng.

3. Receive "end dPresmible, rpaigue; vord: apAuBEC dagasbipghal s that the
first half slo transfer fromthe receive buffer 115 to the VCU is

conpl ete. The turn Irom jgteTTupt pREoRERCesS withi bagkgrevadd
enabl e t he DVA controller 121 for nodem to-receiver buffer transfer for
second half slot. bPr°°?§?h?%'fronrinterrupt-and proceed with background

S Transmit Function - Voice
1. Receive "end of TX DMA transfer"™ interrupt. This
signals that processing of the previous slot is complete
and that processing of the next slot canrbegin. The TX
DMA process is invoked. |
10 . a. Write out voice channel and modulation switching
information for next slot. This information is
required by the modem 19, 30a and the byte-to-symbol
converter 127, _
b. Select VCU port address and enable DMA transfer
15 from VCU to transmit buffer 110.
- c. Write VCU control word.
4a. Interrupt VCU to start éransfer.
e. Return from interrupt and proceed with background_
processing.
20 2. Receive "end of TX DMA transfer" interrupt. This
signals that the VCU to transmit buffer transfer is
complete. The TX DMA process is_invoked.

a. Read VCU status word.
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proces@Lng. 10 4. g;ceive "end of RX DVA transfg;" interrupt. This
signals that the second half slot transfer fromthe nodem 19, 30a to the
receive buffer 115 is conplete. The TX DVA process is invoked. a. Sel ect
VQJ port address and enable DVA transfer 15 fromthe receive
buffer 115 to the VCU. Interrupt VCU start transfer. b. Return from

interrupt and proceed with background processing. CCU Software Execution 20

Sof t ' ' : t dth
of t viar € prOgr%eXWQQQW%?zéTﬁﬁé%faﬁmﬁfﬁ’& 9i¢sct an €

flow starts in the supervisor e supervisor nodul € takes care of

any hardware ang, sofiy¥saliife and NéraBlé ZONA OPr RS £ SFGR ENE Erdiii¢
service | oop. The supervisor nodul e perforns sone basic self test functions

-after a hardware resaifsad 1HPed cEhe hodémn 9 he3 b lpoiMeingi to sesit€e | oop
access the other nodules in sequence. The 5 supervi sor nodul e design is

such that tasks are premhibleledcode wordoamdbveide ndatd ibkock guaranteeing
<that the main service |oop has a reasonable worst case periodicity. Tasks
5 d. Return from interrupt and proceed with background
processing.
3. Receive "end of TX DMA transfer"interrupt.' This
signals that the first half slot transfer from the transmit
buffer 110 to the modem 19, 30a is complete. The TX DMA
10 process is invoked.
a. Select VCU port address and enable DMA ﬁrans?er
from VCU .to transmit buffer.

b. Write VCU control word.

c. Interrupt VCU to start transfer.

. 15 4a. Return from interrupt and proceed with background
— .
‘processing.
4. Receive "end of TX DMA transfer" interrupt. This
signals that the VCU-to-transmit buffer transfer is
o complete. The TX DMA process is invoked.
20 ~ ..a.  Read VCU status word.

b.. Initialize and enable the DMA controller 120 for
- -transmit buffer to modem transfer.
c. Return from interrupt and proceed with"background

processing.
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requﬁ%ing a real tinme response are handl ed via interrupt service routines.
10 Each interrupt service routine perfornms the m ni num of processing
to satisfy the service request. This is done to preserve the serial natur

of program execution as nuch as possible and to keep interrupt queueing to
a mninmum Typically an interrupt service routine will transfer data to 15
br froman interface and set a boolean to indicate that the action has been
perfornmed. Serially executed code, accessed fromthe nmain service | oop,

then proceeds to process that information as required. The CCU

m cr ocorReceive Bdfdction €¢aR@Cf| ow nmachine in 20 t hat software events are
driven by the arrival and departure of data. Precise systemtinmng

provi desl ¢ he Recedver Rendr of hRE DMAa tkeosferdninger ruptt.waMhisvent s are
derived directly 169 - fromthe flow of data and not from system frane

mar kers. Thi s8t@prbSchhat| Brecersingr ofathe: preyipusd slot' isalcomplertes

(such as data 1/0 requests) rather than "artificial" events (such as system
timng markerd}d $hatsBreGaeeipg Pés thgonest sipt Fandhegdn.o THev&% t he

forger's asy onous _actiong_into.events which are synchronous with the
sysggm f rarre% process is invoked. o T

a. Setup £qr BPSK modulation. This information is
required by the symbol to byte converter 126. The
modem 19, 30a will have already received this information
at this time, v
10 b. _Initialize and enable DMA transfer from the modem 19,
30a to the receive buffer 115 for the RCC méssage.
c. Return from interrupt and proceed with background
processing. AGC calculation and bit sync ambiguity
.processing.should.take place at this time.
15 2. Receive "end of RX DMA transfer" interrupt. This
éignals that the RCC transfer from the modem 19, 30a tb the
receive buffer 115 is complete. The RX DMR process is invoked.
a. C?py RCC in#o local RaM. . -<'j
b. Return from interrupt and proceed.with background '
20 processing. Prepare to pass received RCC on to the
RPU if unique word is detected and the checksum is

-correct; 
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tininﬁh For this to MS;L, it is necessary that the Software guarantee to
have things initialized and ready before the system franme event occurs. 10
It is therefore apparent that, while the CCU software is not heavily
I\oaded, it is called upon to respond to events and conpl ete certain tasks
within alimted amount of tinme. This real time processing is interrupt
dfiven and hence requires considerable care in its design. There are four

1 pot ' i ot i D time events dermanded on the
Ssfivd fiudey | Loeee

m crocontro servicing, receive DVA servicing, transmt

RS- 232 sqryi Ciggldi\de Ieéfd VGr o 20Ma SEranE£88" IRCeFrugt? LT upts have

the lowest priority since they occur at a nexinmumrate ol one per

mllisecond. Z0igndle €10dt VFécéssIRg| PeehéOpibdiohhesDHe {5 | bomgrend tine

constraint is not violated. Response tinmes for voice and RCC data handling
are nore critismd thdt processingnodf théenext ogiovscad Peginf Threrrkati ve
stimng for the data transfers on the transmt bus and receive bus are shown
in Fegures 23 DMAl priocds® ii$ aimweokedre drawn approximately to scal e and
show a a. Setup for voice data with correbt'modulatipn. This
| information is required by_the.symbol-to-byte
converter 126, The modem will have alfeady received
this information at this time.

10 b. Initialize and enable DMA transfer from the modem 19,
30a to the receive buffer for the first half slot of
voice data.

c Return from interrupt and proceed yith'backgrbund
- processing. AGC calculation, bit sync ambiguity

15 - and code word processing should take place at this

time.

'2. Receive "end of RX DMA transfer” interrupt. This

signals the first half slot transfer from the modem 19,
30a to the receive buffér 115 is compiete. The Rx DMA
20 process is invoked. |
a. Select VCU port address and enable DMA transfer
- : from the receive buffer 115 to the VCU. 'Interrupt VCU

to start transfer.

b. Return from interrupt and proceed with background
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morstkcase timng scenario. The time nultiplexed nature of 5 the transmt
and receive buses is clearly illustrated by the diagrans. The dark cross

| i nes shown on the transmt and receive paths correspond to the

m crocontroller activity on the respective bus [err]. During this tine,
the. respective DVA controller 120, 121 is idle. The short 10 peri ods of
t{me between DVA controller setups [err] corresponds to VCU bl ock
transfers. During tﬁfecéhstngthe DMA controller is dedicated to the
respective VCU. For the remainder of the tine [err] the DVA controller 120,
121 i s deylj catrelcédvecrlendgofhRXnDMAtranefexlec interrupt. Thds ecl ocki ng
FI FO stacks 128, 129 at the nodeminterface create the primary timng
constraint inpsighalsnthht thei dgreétahrdds slvhe trreferadirorndhe 16
synbol s, providing one mllisecond of buffering tine before underfl ow ng

(TX) or overf|oeraiverRpifepydiliy tonthen VOl isc somplete .cofhea RX firoo
the transmt or receive byses_1Q7, 108 to conplete block transfers to and
from3 he VCU oPTeep§sREE &RVEKER0 | ocal RAM 171 Upon power-up, the CCU

software performs ap ntertal Seld ohdth e WeP BiACouleoiTdr THO P hodeh-
| tb-receive; buffer transfer for second half slot.
b. Return from interrupt and proceed with background
processing.
10 4. Receive "end of RX DMA transfer" interrupt. This \s
signals that the second half slot transfer from the modem:
19, 30a'to the receive buffer 115 is complete. The TX DMA
process is invoked.
a. Select VCU port address and enable DMA transfer |
i5 from the recgive buffer 115 to the VCU. Interrupt VCU.\MJ'
start transfer.

b. Return from interrupt and proceed with background

processing.
CCU Software Execution
20 Software program execution begins as a result of a - -

hardware reset and the flow starts in the supervisor module.

The supervisor module takes care of any hardware and software
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default states. The nié;ZController 111 nonitors thg:;ysten1frane timng
and begins to performblock transfers to allow 5 the VCU to gain
synchroni zation. Once data transfers are initiated, the mcrocontroller

1 uses the DVA end of block interrupt to retain systemtimng. This
interrupt is directly tied to the data throughput of the CCU and hence the
16({ KHz synbol clock 130. The VCU retains systemtimng 10 inmplicitly via
DMA transfgers f¥?§3 ; I Cr t 1 S amfesult of
t he end<ﬁfﬁﬁ{x: |%%g%€ﬁp . g %g%%gg%ﬁlgoﬁﬁgg &gkbgéﬁt%éaéé ?gﬁgnnitor

frame Uimgpdiy £004 odlife PEPPGImEYSLAE BRELE! bONe! fel! FLfitEEEns 1S

[

At the subscriber station, systemstartup also entails radio o
synchroni zog4ex.a HAr&wase PeeEet "BEa PpbRCAEREst Ner BECLtABOREBL | ViFRE System
timng fromit. Once receive timng is established, the mcrocontroller
111. to estixin iserviceshoopt actegs \thé bthebamodalési fn. s€éguence. The data
transfer nodul e supports the real tinme and background data transfer events
in thé CClsupdxnisor amefiule d€fign isasvchethatetiabks ahe subdiwiledat a
path, the receive data _ :

into manageable time-slices, guaranteeing that the main

service loop has a reasonable worst case periodicity.' Tasks
requiring a real time response are handled via interrupt

service routines.

—

10 Each interrupt service routine performs the minimum of
processing to satisfy the service request. This is done to
preserve the serial nature of program execution as much as
possible and to keep interrupt queueing tco a minimum.

}\/ Typically an interrupt service routine will transfer data to

15 or from an interface and set a boolean to indicate that the
action has been performed. Serially executed code, accessed
from the main service loop, then proceeds to process that

information as required.

The CCU microcontroller 111 is a data flow machine in
20 that software events are driven by the arrival and departure
of data. Precise system timing provides the framework for

this data flow; however, software events are derived'directly
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path}uthe transmt Bégf;nd the receive BCC. Al of these tasks are

I nterrupt driven events requiring real time response. The nodul e al so
perfornms synchroni zation 5 acqui sition and nonitoring as a background W
task. The transmt data path handler is invoked when the transmt DVA
controller 120 requires service. This typically occurs follow ng a DVA

Hl ock transfer, at which tine the DVA peripheral invokes an end of bl ock
transf er ¢romethepflowlof Gata iand motifick rsyastent frame marketse two

external interrupt |ines of the Mddel ‘8031 microcontroller 111. The service .

requi r edThist approachr aliloksp s software W reéspbnd to Teéal” énts
voi ce, and the time of occurrence within the slot. 15 The transmt

dat a pat lishghepsugatac du0s requesks cizatthex ithan dlartif debal S| eveptsi od.
The interrupt tinmes and durations are shown onlﬁ£¥nes 23 apd 24. At each
occur r end&uchhasnsystedhtising markexsk ¢ Fhe Boftyare i xgliesneomya

peri pheral for the next bl ock traqffe ._This 20 eration shoul d be
per for nelhi bargvase §O Gaverh he AOTRR R 12 S PTHENPYHt2EEEPPRt i on. I n

the case of JRECAILANG IS e HEMI SEd S WES L58}SCeh "Erane
timing. For this to work, it is necessary that the software
guarantee to have things initialized and ready before the:

system frame event occurs.

10 It is therefo:e apparent that, while the CCU software is
not heavily loaded, it is called upon to respond to events
and complete certain tasks within a limited amount of time.
This real time processing is interrupt driven and hence
requires considerable care in its desién. There are four

15 potentially conflicting'real time events demanded on the
microcontroller: transmit DMA servicing, receive DMA
servicing, transmit RS-232 servicing and receive RS-232
servicing. The RS-232 interrﬁpts have the lowest priority
since they occur at. a maximum rate of one per millisecond.

20 The scftware is designed so that the one millisecond time
constraint is not violated. Response times for voice and RCC
data handling are more critical and a discussion of these |

follows..
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format the RCC nessagé:Tn the transmt buffer 110 6:?or to the DVA
transfer. This operation nust be conpleted within 900 us. Since the
operations on the transnmt path are usually short and require. fast
Y€sponse, the interrupt is 5 gi ven the highest priority. The.only output
fromthe transmt data path interrupt. handler is the VCU status word
cpllected after the VCU bl ock transfer. This status word is analyzed by
software in the BBM control nodule. 10 The receive data path handl er
i s invoked when the receive DVA controller 121 requires service. This

typically occuprhef pbiawive eilihgheesk the?@altd trans¥eirs on Ehel N DVA
peri pheral invokes an end of blocCk transf.er interrupt. The interrupt is

+ received ppansegief bukeahdoresedieabuishiage’ ghowhd in FigRyedf 23hand03%,
m crocontroller 111. The service required by the interrupt depends on the

type of dFhe diagshms aReCdrawnoapproxithaitiedyt itee sefalecand ehow & thin the
- slot. The receive data path interrupt occurs at predictable times during
each sl otwprstodasEhgimingr sggnariioss The 2dme gwldipdexedr aatigen oifn
Figures 23 and 24. At each occurrence, the microcontroller 111 is required
to ibti athect¥ansmit and receive buses is clearly illustrated by the
diagrams. The dark cross lines shown on the transmit and
receive paths correspond to the microcontroller activity on

the respective bus (ts, t ). During this time, the .

RCC
1N respective DMA controller 120, 121 is idle. The short
10 periods of time between DMA controller setups (tVCB)
corresponds to VCU block transfers. During this time, the
DMA controller is dedicated to the respeéctive VCU. For the
remainder of the time-(tno, tyyr tuar tM3) the DMA controller

120, 121 is dedicated to serving the modem interface.

15 . The reclocking FIFO stacks 128, 129 at the modem
interface create the primary timing constraint implicit in the
. timing diagrams. The FIFO stacks hold 16 symbols, providing
o/

one millisecond of buffering time before underflowing (TX) or

overflowing (RX). During this millisecond, the CCU can use
20 the transmit or receive buses 107, 108 to complete block.

traﬁsfers toc and from the VCU or copy RCC data into local

RAM. .
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t he Em&rcontroller 121 for the next block transfer. This operation should
be performed within 150 m croseconds frominterrupt request to interrupt
conpletion, if DMAinitialization is the only task to be perfornmed. In the
case 5 of RCC data, the last service request requires the mcrocontroller
111 to copy the RCC nessage fromthe receive buffer 115 to the | ocal RAM
af{er the DVA transfer. This operation nust also be conpleted wthin 900

m croseconds. Since transmt path servicing can occur during this tine, 10
receive path interrupts have a lower priarity than those of the transmt
pat h. The recei Uposapaevextupi,ntiver GOU moftiwarenpexiaorms \aouU fntexnalor d
avai l abl e after each VCU bl ock transfer. This status word is anal yzed by
sof tware i aeifietBBt @a Pdacesdthe VCihe madam andREY rinkR $hei RCC
messages 13 _ fromthe channel, which are then interpreted in the BCC

transcei veﬁeﬁﬁﬂt}l“e statescCThe MISFORRRLRO L Lo nH’eM’eEPFﬁ LheiSYHLemi p

ohi oh i s { FFORE Ednne,apd B, o At A A FantERs, 0o i 16
h

BT BN e ST G e g oo

initiated, the microcontroller 111 uses the DMA end of block

interrupt to retain system timing. This interrupt is

directly tied to the'data_throughput of the CCU and hence the

16 KHz symbol clock 130. The VCU retains system timing \J
10 implicitly via DMA transfer requests generated by the

microcoﬁtroller 111 as a result of the end of block

interrupt. The mic;oéontroller 111 continues to monitor

frame timing to ensure that proper syvstem operation is

maintained.
o/
15 At the subscriber station, system startup also entails
radio synchronization. This is performed by locating the RCC
and deriving system timing from it. Once receive timing is \;)

established, the microcontroller 111. to establish transmit

timing with the base station.

20 The data transfer module supports the real time and -

background data transfer events in the CCU. Data transfers
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The béud rate generatogp;s programmed for a nom nal ‘rate of 9600 baud,
resulting in a maxi mumof 1920 interrupts per second. Each interrupt nust
be serviced within a 1 ns period to avoid data |loss. Since the typical
iaterrupt frequency is 5 | ow and the response tinme relatively |ong, BCC
data transfer interrupts have a low priority. The BCC data transfer handl er
uges pointers to queue and de-queue data as it is received and transmtted

ti . 6 ' i ' te 10
turting §gE ERHveed Eorf Hhe RAGTRH € Aalol Pl he RN 0ARA" 11 e
¢ : | b : _ " | . in th
?Cllsé ﬂnalngkg:%g(r: md‘aﬁ?gfd I ttée (r?ngzlcn zgs/ka%és !{egc que%eé%%ge?éi;%eﬁe a aI \r/]mi I 2

~handling Rexls' A int 1R AAVEPEv S RaflEridp reae i 2

synchroni zati on acqui sition and nonitoring, described bel ow, conprise the

Maj Or progesponie UNAHe Modiild Nal ¥ pd ¥ Firame | sificHFshi ativmic word
detection inplies a synchroni zati on operation at the synbol |evel. The

term$§synacqwig'ition argemonitorihg 9@ \baukdrowd tddle. uni que word in
the RCC and the code word in voice channels. The unique word (UW is a
fixed 8-bit 176 .

The transmit data path handler is invoked when the
transmit DMA controller 120 requires service. This typically
occurs following a DMA block transfer, at which time the DMA

— peripheral invokes an end of block transfer interrupt. The
10 interrupt is received on one of the two external interrupt
lines of the Model 8031 microcontroller 111. The service

required by the interrupt depends on the type of data

‘transfer, RCC or voice, and the time of occurrence within the

slot. -
w
15 The transmit data path interrupt'dccurs at predictable
times during each slot period. The interrupt times and
U, durations are shown on Figures 23 and 24. At each

occurrence, the microcontroller 111 is regquired to initialize
the DMA peripheral for the next block transfér.'_This

20 operation should be performed within 150 us from interrupt
regquest to interrupt completion. In the case of RCC data,

the first service reguest regquires the microcontroller 111 to
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patté&n pl aced at trmeqrglnnlng of an RCC nessage. A code word (CW is
currently any one of 8 possible 8-bit patterns placed at the beginning of a
voi ce channel. In addition to their synchronization role, code words are
used to indicate 5 connection status, power adjustments and ranging

adj ustments. The base CCU nust exhaustively check for a valid RCC nessage
ifi every slot. It performs this task by scanning for the unique word in a
- Wi ndow +3ﬁ;§¥£@€' ihﬁbﬁgé il Ssag@ 33 t¥¢ keansmit BuwbRst UQ0) pFidEetsyst em
timng. e searc algorithmstarts with the nom nal UWposition and
shifts ongheVplaR! teagbie2nd Phiils Wperatiion Must s domplétvedivithimnd (2)
verifies a correct RCC checksum The search term nates as soon as (1) and
(2) are saposhsed stinekl thesopeirlatiices ey e Heectrandmits tpth Bwre shi f t

i nformati on, RCC nmessage and 15 power ‘i nformati on are sent to the RPU
follomnnguauamlyeshbmh aad clequilne (fasty drespanisaey sthe intermge % ation
CCU checks the received voice data for a valid code mnrd Only the nom na
code swor dgpuent the hdgbestk Prisrid¥ no active symbol 20  synchroni zation
is perfornmed during voice operation. |If no code word is detected for five

consecutive franes then the channel is declared out of sync and the RPU is
i nformed of 177
The only output from the transmit data path interrupt

handler is the VCU status word collected after the VCU block
transfer. This status word is analyzed by software in the

BBM control module. - . ' \?)

10 The receive data path handler is invoked when the
receive DMA controller 121 requires service. This typically
occurs following a DMA block transfér, at which time the;DMA

peripheral invokes an end of block transfer interrupt. The

interrupt is received on one of the two gxternal interrupt

15 lines of the 8031 microcontroller 111. The service required
by the interrupt.depends on the type of data transfer, RCC or
voice, and the time of occurrence within the slot. Y

The receive data path interrupt occurs at predictable-
times during each slot period. The interrupt times and : : -
20 durations are shown in Figures 23 and 24. At each

occurrence, the microcontroller 111 is required to initialize
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t he cdﬁdition. It is usf;o the .. RPU to take any apﬂg%priate action at
this point. Sync is defined to be restored after three-out-of-five
consecutive frames have successful code word detection. 5 The
subscri ber CCU, when receiving RCC data, can be in one of two nodes:
"frame search" or "nonitor". The frame search node is used to acquire
redeive frame tinmng fromthe incom ng RCC data and is invoked

Shenaasy Clne M dareroliat AAL 'ié?i%aaif?&&éﬂ‘é@&ﬁ?&é," VRBAS| 't he

L&%%iizg?e‘%aeﬁa SoR, AP HEE e ot £ nel et RIS EBb Mt dr upennte 208 1 nok

I . ) ) . |

15 SOW T ocatirei SPe S R BARE e e R RAD fe;_ﬁitzﬁigﬁ_
nd |

LA SN S G s W ﬁ*‘ﬁ”f’é@’?ﬁ%ob%péﬁ*éﬁﬁs% BF' th Fe .

correct RCQfIRTKdlta, re.éepas:@ ié’fﬂé@tfé%@éexﬁ Pg?gfdr A ped (2) are

satisfied or 20 all pOSS|b|I|t|es have be e Shlft
i nf or mat i omiforwocntatsThas1d1 senrebpy Sthié eRCE oméssagé ff‘@m%%@@éﬁ@d

receive framng markers. Acquisition term nates mhen (1) and
buffer 115 to the local RAM after the DMA transfer. Thls
operation must also be completed within 900 microséconds.
Since. transmit path servicing;can occur during this time,

10 receive path interrupts have é lower priority than those of
the transmit path. The receive data path interrupt handler
makes the VCU status word available after each VCU block
transfer. This status word is analyzed by software in the
BEM control module. The handler also reads new RCC messages

_ 15 from the channel, which are then interpreted in the BCC

transceiver module.

- The BCC receive modqle is implemented via the on-chip RS
\_/ 232 UART. The UART is capable of generatihg one internal
interrupt, which is triggered whenever a byte is received or
20 transmitted. The BCC handler po11s a2 status bit to determine
which of the two cases caused the interrupt and proceeds to

service the port accordingly.
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(2) agove are satisfied for three consecutive franmes with the UWin its
nom nal position. The STU is informed of fram ng acquisition when it
occurs. RCC nessages are not forwarded to the STU during frame search
node. 5 When fram ng acquisition is acconplished, the subscriber
Sstation CCU enters the nmonitor node. Only the nomi nal UWposition is
checked to avoid the possibility of false UWacquisitions. If no UNis
detected for fyne banderatel generstor Hian progriewsd|for sasdmiral ardtef
sync and frane 10 search node is entered. The STUis infornmed of this
out of syef 9600i baad, Pesulting i maximoe o RAP 2 sintesrupts pexre a
correct checksum and SIN nunber are passed on to the STU. During every .
- voi ce sl osecohd.suBach Hartestmaptomusty b sexvieed withircei L gos \pexiodat a
for. a correct code word. Only the nomnal code word position is checked
since no &ot aveidydasia Jpsdhr ofiinge dhe LtYRIG) RteRFIRY freduenp¥rision.

Al'l possible code words are searched for jn ihgf direqﬁ%qa of the channel.
Code Swr ddo¥aang,the responss fine, reiativeivdong, Behdrtpctransienn s

power and.ranging ., values. ~I.ncrenmental, range changes can actually result in
the changéngFg have & |1o% BLAQ%3%Yw| ranging val ues. 1f no code word
is

o/

The BCC data fransfer handler usés pointérs to queue and
dquueue data as it is received and transmitted respectively.
Only link level processing occﬁrS'here, includihg.byte _ /
10 stuffing énd end of message insertion. These actions are

described in the system interface specification.

Very little data processing occurs in the BCC

transceiver module. Its main task is to queue and de-queue

data while handling the transmit, receive and BCC data paths.
15 The data synchronization acqﬁisition and monitoring,
described below, comprise ihe major processing functions of
the BCC transceiver module. v

Sync word detection implies a synchronization operation
at the symbol level. The term "sync word" is a generic, .
20 applying to both the unique word in the RCC and the code word

in voice channels. The unique word (UW) is a fixed 8-bit
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179 Hetected for five-¢éonsecutive franes then theechannel is decl ared
out of sync and the STU is inforned of the condition. Sync is defined to be
restored after three-out-of- five consecutive franes have successful code
word detection. 5 Addi ti onal CCU Considerations The transmt DMA transfer
request between the transmt buffer 110 and the nodem 19, 30a nust be
derfved fromthe full bit of the FIFO stack 128. This inplies that the FIFO

stack 128 Wddcliyadealat| eHOPegiiliinbl Bkah' ACE! flgkigdd acEBEES! o

The receiv r request he nodem 19, a“and the receive

buffer 115 JBsd (ewreis @eriéRelyengBhi -B'ftsoﬁokbsbibaskbi%ﬂh&sns
inplies that the FIFO stack 129 wi ||~ al ways be enpty when a bl ock

transfer i pldced COPLRE cbedirniky 6Enkr oblice chhhnele pravedastiba gate to
enable DVA transfers, but..external control mnust provide the handshaking to

initiate anchedar neynchroribabitnt redef,ecodéhwords pzet nesefatbyindjpoatent .
for the nodeminterface where 20 frame timng is critical. 180
5 connection status, power adjustments and ranging adjustments.

The base CCU must exhaustively check for a valid RCC
message in every slot. It performs this task by scanning for
the unigue word in a window +3 symbols about the nominal UW

N\ location, based upon master system timing. The search
10 algorithm starts with the nominal UW position and shifts one
symbol right and left until it (1) finds the UW patterh and
(2) verifies a correct RCC checksum. The search terminates
as soon as (1) and (2) are satisfied or all possibilities

- have been exhausted. The shift information, RCC message and

% _
15 power information are sent to the RPU following a successful
search.
v During every voice slot, the base station CCU checks the

received voice data for a valid code word. Only the nominal
code word position is checked since no active symbel

. 20 synchronization is performed during voice operation. 1If no
code word is detected for five consecutive frames then the

channel is declared out of sync and the RPU is informed of
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The ngérocontroller lsEpshould have the capability to put a DVA transfer on
hol d. The software will not attenpt to use the DVA bus during a block

transf er

unless this control is exerted or the DVA peripheral is idle.. _
The recl ocking FIFO stacks 128, 129 should be automatically cleared (reset

periodically. Franme timng information nust be available to the
crocontroller 111. This could take the formof a synbol clock input to an
i nt ernal ghetorditien i Tocheatupl terthéORPU to t¥kenany &ffropriatec
packet is received by the CCU in sync, no synbol shifting should be
requi r ed alctior rat ttiei popddnt ont Synchiscdebinedr 4o bei restoved afpey

regardl ess of nodulation |evel. Mdem 15
of three threextowtrofrfive ¢consecupive framesnhavresuseerséudr FeSeon a

5

The nodem operates in one

full -dupl ex transmit and receive function. Wen operating in the subscriber

station,

10

15

20

BPRRates in a hal f-dupl ex node, 181

The subscriber CCU, when receiving RCC data, can be in
one of two modes: “frame search" or "monitor". The frame
search mode is used to acguire receive frame timing from the
incoming RCC data and is invoked automatically when receive

RCC sync is lost. The monitor mode is entered whenever

‘receive frame synchronization has been acquired.

When in the frame search mode, the subscriber CCU must
exhaustively check for a valid RCC message after every RCC
slot. Like the base CCU, it performs this task by scanning
for the unique word in a window +3 symbols about the nominal
UW location, baséd upeon timing derived from modem AM hole
detection. The search.algorithm starts with the nominal UW

position and shifts one symbol right and left until it (1)

finds the UW pattern and (2) verifies a correct RCC checksum.
The searéh terminates as soon as (1) and (2) are satisfied or

all possibilities have been exhausted. The shift information

from a successful search is used to adjust the CCU generated

receive framing markers. Acquisition terminates when (1) and
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transn(tting during pég; of the TDMA frame and recédiving during another
part of the TDVA franme. The third node is a self-adapting training node.
One nodem desi gn accomodates all these functions. The nodem perforns the
appropriate 5 function in response to keying signals comng in fromthe
controlling CCU. The subscriber station nodem 30a and the base station
nnpen119 are identical. A block diagramof the nodem is shown in Figure

25. 10 The nodem transp étzr sections include a TX synbol filter
132, a difh ARQYR AEE RAtISIIed FOE, three soongecubive, fEARESNith| the,

rocei ver WEAT cFEBMORASY RAFT REPhacsThe 1PRET 18 b0 I GFRERLPE EFRRERY 1
" cr opr o AEETYSHASA VRN O CTURERT (REF RERERERELPERSAPESTORESFAR: KR i on
the. recdEl SR SELLAY doand Eralch BBAL T L0k 20 QPSK or 1o PSK. - The
nodemtransmts without the knowl edge of the nodul ation level.. 182
5 When framing acquisition is accomplished, the subscriber
station CCU enters the monitor mode. Only the nominal UW
position is checked to avoid- the possibility of false UW
acquisitions. If no UW is detected for five consecutive
frames then the channel is declared out of sync and frame
10 search mode is entered. The STU is informed of this out of
sync condition. During the monitor mode, RCC messages that
have a correct checkéum and SIN number are passed on to the

STU.

During-every voice slot, the subscriber station CCU
15 checks the received voice data fér.a correct code word. Only
the nominal code word position is checked since no active
symbol synchronization is perfcrmed during voice operation.
All possible code words are searched for in this direction of
the channel. Code words can cause incremental changes in the
- 20 subscriber station's power and ranging values. Incremental

range chénges can actually result in the change of symbol as

well as fractional ranging values. If no code worgd is

-
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The n‘den1transnitterfz;ction is fully inplementedN n hardware and requires
no adjustnents. Synbols received fromthe CCU are encoded and their

- correspondi ng waveforns are shaped to provide good interference properties
and not suffer 5 anplitude or group delay distortion. The justification \«
of this concept is made on the assunption that in the near nei ghborhood
f(equency band (within 50-100 KHz to the band utilized there are no strong

om0 dUteHCH ol PPIGE CORBRELETVE! eilingd UHeB"THS ChEnpld s IS

nodem 10 ransmtter sectron u Fzes™ T W de ing (100

KHz) SO-H@l&fEdté@@Sg'ftifﬂcsiﬂﬁahhw é‘ru”@_ﬁ $Hiebemed@ 0l fide OF group

del ay distortion, and so filters out any harnoni cs generated by the

di gi t al fédr{ﬁ_éi&gorﬁ(ﬁé. basgbzifledl®o be restbBeebXa¥reROkhireeleutldt s a
fixed-coefficient digital FIR (Finite-duration inpul se-response) Filter.

This fil tfiivel Tonseeheive framesphboel sbteesyfull eodemwordddedieetdibnl0
sanpl es per synbol per 6 synbol stay in the FIR Filter. The nodem receives
synbols fromits respective CCU at a 20 rate of 16 K synbol s/ second.

These synbols are then converted to a DPSK code for input on line 143 to
the BI R #é®¥litional CCU Considerations

The transmit DMA transfer request between the transmi£
buffer 110 and the modem 19, 30a must be derived from the full
bit of the FIFO stack 128. This implies that the FIFO staék \/
128 will always be full when a DMA block transfer is

10 complete.

The receive DMA transfer reguest between the modem

19, 30a and the receive buffer 115 must be derived from the

empty bit of the stack 129, This implies that the FIFO stack
129 will always be empty when a DMA block transfer is
15 complete. |
o/

The CCU controller software provides the gate to enable
DMA transfers, but external control must provide the.-
handshaking to initiate and maintain the block transfer. .
Thié is particuiarly important for the modém interface where

20 frame timing is critical.
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filterl132. The FIR agggrithnlrequires t hat every g;her synbol be inverted
before entering into the FIRfilter. Gay code is used for the DPSK
coding. This insures that if a synbol was received in error, there is a
gead probability 5 that the two synbols to the receiver codec will be in
error by only one bit. The inpul se response of the FIRfilter 132 is
tquncated at 6T (T=1/16 KHz). The FIR filter oversanples the synbols at a
rate of 800 KHz so that every synbol is sanpled 50 tinmes 10 during its 5T
stay in the filter. This is equivalent to a sanpling rate of 3T/25 where

the sanpling pe&eod t sgwg ( eriod.
The outputs arghsbkg‘\/%e%%lﬁtfﬁgfggalyl t e‘ﬁ%r ﬁ%ﬂ*’&o&ﬁﬂs@yﬁﬁﬁnd
*fifth, or ﬁhhl adpRid t¥atisEeRlionS Rl SIS EhaR a.riﬁmhweaéééigpt R
Each of these T/25 l'ength sanples is actually divided into two parts. _
During thaski thie DMA bifs duei DIRIK ArarsFer WilddHtHis IdbhtqygIput is
sconput ed and. during the second half of the period, the Q portion of the
out put i sisoemetresdd Truthet [DMAaplerdlphexta] aifs vildle, the FIR filter 132

out puts 20 data is 50 x 16 KHz = 800 KHz. The I and 0 sanpling is

st aggered by one-half a sanple period, but this is corrected by the FIR
filter 132. 184
S The reclocking FIFO stacks 128, 129 should be

automatically cleared (reset) periodically.

% Frame timing information must be available to the
microcontroller 111. This could take the form of a symbol

clock input to an internal timer of the microcontroller.

10 When an RCC or voice packet is received by the CCU in
5 sync, no symbol shifting shculd be required to bring the
v .
packet onto a byte boundary. This should apply regardless of
modulation level. . - -
_ Modem
/
15 The modem operates in one of three operation modes. 1In

< the base station, the modem carries on a full-duplex transmit
and receive function. When operating in the subscriber

station, the modem operates in a half-duplek mode,"



- - ( o €
4 Signals representing the multiplication of synbols and inpul se responses
inthe FIR 132 filter and the addition of two of these nultiplications are
provi ded by an 8KxS ROM on line 144 in response to the synbols that are W
received on line 5 143. The FIRfilter 132 outputs 10 bit digital sanples
on line 144 at the rate of 800 KHz. These values are the fed into the DA
cbnverter 133 to create an anal og-waveformon line 145. This waveformis
the tine-ghangittaIng QuidneS ?’dﬁ: PE e TOMR Seri i Deede sy tted.
This shared waveformon line 145 is filtered by the 200 KHz bandpass filter
134 then gagingecanotherlfaritniof itie PDMY fidme. TIThelitieird nodélis a
oscillator input is an I F frequency signal of 20 MHz on line 147. The |
and Q conpeb€fradapitd nighdxralkin inyg mode £ e O il de s idiizaddommedatessi gnal
on line 148. The output signal on line 148 is fed through a 20.2 Mz
bandpass aillt shegseotfusichionsand Theomafen t(penforny- (Ll appropriatelesired
signal out of the DJA converter 134 is centered at 200 KHz with a bandwi dth ~
of abbut Sungkion G XE®SPORfe 4R KHLNHSIINRIGLCHRING ckin KPR MRz, t he
out put waveformmnixes the | and Q sanples with the SIN and COS conponents
of the | FePPEERIART RIS the 20 Mz signal can 185 :

The subscriber station modem 30a and the base station
modem 19 are identical. A block diagram of the modem is

shown in Figure 25. : ' _ _ ‘\/

10 . The modem transmitter sections include a TX symbol
filter 132, a digital-tb-analog (b/A) converter 133, a 200
KHz bandpass filter 134, a mixer 135 and a TX (transmitter)

timing control circuit 136. The receiver section of the -

modem includes a mixer 138, an analog-to-digital (A/D)
15 converter 139, a FIFO stack 140 and a Model TMS 320
microprocessor 141.
o/

The modem transmitter section transmits the information
fed to it by the CCU at 16-level PSK modulation. - It is up to
the CCU on the receive side to interpret the data as DPSK, =
20 QPSK or 16 PSK. The modem transmits without theiknbwledge of .

the modulation level.
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directIQ‘nuItipIy t he- ngput wavef orm and t he exact “conponent

mul tiplications will be handled automatically. Therefore, there is no need
for a discrete SIN(IF)/COS(1F) generation circuit to multiply the 1/Q
saaples fromthe DDA as is in the 5 receiver. This also renoves
isolation feed through in the mxer fromthe baseband to the output of the
m xer. The output data stored in the transmtter FIRfilter 132 is conputed
to correct for any errors that may occur due to the 1/50 T difference in
~the-1 and Qtine values. Also the 10 IF filter in the RFU (Figures 28 and

29) adds the twernensgen OGSNEni ¢ Cef Of&etidh CDE rf&il*]rﬁﬁ%ﬂﬁéﬂkd@&?f or m
since its bandwidth is relatively small conpared to the I'F frequency. In

‘the npdem hac@wsre sovd | pequires Mo cdd joStmenes. ansyiisd DE yevei vedn fesei ved
fromthe RFU on line 150 via a 20 15 MHz bandpass filter (not shown) with

a 20 MHz | Rhei @CU are |émeodéd drd dehveix oroeréspond gl wgvef grms dre
‘baseband on line.152. The analog signal is then converted by the A/O
converter Bdapesd #eipfovideigerd interferdise preopertiosfind vt rsuffesr| FO
stack 140 for processing by the 20 mcroprocessor 141. The
ni cr opbocedFPlitmde (oF (GroNP fdelan istertien -  r'Bhki igsbificationof ed
digital SiQSﬁl and al so ferquns the FIR filtering and denpdul ati on of the
is concept is made on the assumption that in the near
neighborhood frequency band (within 50-100 KHz) to the band
utilized there are no strong-interféring'signals (power
N\ - densities of 30-40 dB above the signal). The modem
10 transmitter section utilizes relatively wide IF filtering
(100 KHz) so that the. transmitted signal will not suffer
amplitude or group delay distortion, and also filters out any

harmonics generated by the digital filtering done at

baseband.
—
15 _ The TX symbol filter 132 is a fixed-coefficient digital
FIR (Finite-duration impulse-response) Filter. This filter
U 132 simulates a six pole filter with a sampling rate of SO

samples per symbol per 6 symbol stay in the FIR Filter.
- | : The modem receives symbols from its respective CCU at a

20 rate of 16 K symbols/second. These symbols are then

converted to a DPSK code for input on line 143 to the FIR
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186 (ﬂsignal into a binary synbol streamthat is provided on line 154 to
the CCU. In addition to the analog and digital data signals which are
processed by the nodem a nunber of control and status 5 signals are sent
to and fromthe nodem These signals generally are sent to the nmodem from
the CCU. The nodem al so sends control signals to the RFU to control such
flunctions as the transmit power |evel, frequency, AGC, and antenna

sw t chi N ifltexli}32 Si tBhe IFIR algorithmnpeéguirescthatceveryg othes in
Figures 26 and 27. The nodemreceives nost of its inputs fromthe CCU.

Q her i nmymbak dbé rinvertedibeforet apteringgintot theTRERnbildternpuGsagre as
follows: The following lines carry the signals described to the 15 nodem
19, 30a foosim tim wRd 180T 2the TRBSKXcoAing) i nEhissénsures thatbif aynmbol to
be transmtted by the nodem (2 bits for QPSK, 1 bit for BPSK)._ The MOD BUS
157 i s a MRk WRHESCH e pincRIEBE  hEReTRalspRoIPRASPESRRPALASY AL US

(nfopmat .gny g ot om e ipdpm  They 20, JWED VR LLge 138,6°0E' €8 25801

by only one bit.

The impulse response of the FIR filter 132 is truncated
at 6T (T=1/16 KHz). The FIR filter oversamples the symbols
at a rate of B00 KHz so that every symbol is sampled 50 times kJ
10 during_its 5T stay in the filter. This is equivalent to a
sampling rate of 3T/25 where the sampling éeriod is T/25, so
that samples are output each 3T/25 period. The outputs are
skewed such that only the first and fourth, second and fifth,

or third and sixth pairs of samples overlap at any one time.

15 Each of these T/25 length samples is actually divided into
two parts. During.the first half of the-saﬁple-period, the I
_portion of the output is computed and during the second half
of the periocd, the Q portion of the output is computed. v

Thus, the actual rate at which the FIR filter. 132 outputs:
20 data is 50 x 16 KHz = 800 KHz. The I and O sampling is
staggered by one-half a sample period, but this is corfected'

by the FIR filter 132.
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into thg nodem The N(£;}%)I I ne 159 carries a contrg;'Signal to put nodem
status and other information onto the MOD BUS for transm ssion to the CCU
18, 29. The MOD RESET |ine 160 carries a control signal to reset the nodem
The’ MOD ADD 5 lines 161 carry address signals to different |ocations to

| at ch val ues inside the nodem The TX SOS |ine 162 carries a signal to
begén transmtting a TX slot. The RX SOS line 163 carries a signal to begin

i Vi . The | E _RECEIVE |i i F i .
froquency 10 FASORLs 3RRressngiad, she apd Vigddcanion Ot swmbols asth. The
fol | owi ' oS d iy agd th 19 fr.om the STIMJ
35, The BoMRESESECEREpeaBes, 87 the  FIK 4380 r4Tenty o he ageliblon’s nal s
2 i ded teth 3 an o . _ ; .
Cration. 10w SECPHRRR M shr] getivns dre pRE RNy I RRE RO B
base statiDineThe4SONF reisponed’ tocthe Fymbe1sSithalt arel FR elﬁﬂ]eﬁgﬂn 1qnehe

base station from STIMJ. This signal is“not used in the no

forwarsled 163the CCU 18, 29. The following lines carry the signals

descri bed fromthe 20 nodem 19, 30a to the CCU 18, 29. The TX CLK line
171 carries a 16 KHz clock signal that provides the CCU with the synbol 188

The FIR filter 132 outputs 10 bit digital samples on
line 144 at the rate of 800 KHz. These vaiues are the fed
into the D/A converter 133 to create an analog waveform on
line 145. This waveform is the time-shared I and Q‘wéveforms

10 of the symbol to be transmitted. This shared waveform on |
line 145 is filtered by the 200 KHz bandpass filter 134
then fed over line 146 intc the mixer 135. The mixer's local
oscillafor input is an IF freguency signal of 20 MHz on line
147. The I and Q components are thereby upconverted to 20.2

15 MHz IF output signal on line 148. The output signal on line
148 is fed through a 20.2 MHz bandpass filter (not shown) and
provided to the RFU 21, 3la.

The desired signal! out of the D/A converter 134 is

centered at 200 KHz with a bandwidth of about 32 KHz. By
~ 20 multiplying the 200 KHz waveform by 20 MHz, the output
waveform mixes the I and Q samples with the SIN and COS

components of the IF frequency. Thus, the 20 MHz signal can

185



transé{t timng. SynbéF; are clocked into the nDdesgﬁﬁth the rising edge of
this clock. In the base station, all slots have the same master TX CLK

Thus all signals fromthe base station are sent at the sanme tinme. In the
subscriber 5 station, the TX CLK is offset by the fractional range del ay
by the nodem on information supplied by the CCU  The RX CLK line 172
cdrries the 16 KHz clock signal that is derived fromthe received signal
Thi s si grgled | ' 3 b e t @hdO t of kded
only duri ety MUELLERY ERE SBLbRE, SUvESER Eng. Ehe Bxaly PR ook

signal clpfisipPidatieng oWE1lY e Shaha@led Cat6meEically Dr O*heeegnrB! tini ng
to the CCU. The RX DATA lines 173 carry the four bit received syibol,

cl ocked Bhddve GK mo oneéd for M BiBLPete7SINIIFESICOSAIPY gefledation

i nformati on fromthe nodem The MOD 15 SOVF |ine 175 forwards the SOW
si gnal freimedit S5 Maltiply O I1/Qt hamples Sromi the D/ia Akl $SROBEthene
176 carries a high to lowtransition to give the CCU a rough frame marker
duri g REEeRLNEE: t | Bhisnalse zemaveshisoiatiopnfeed; throughods. theRot |ine

that is pul sed when the nicrogr&cessor 141 20 ° determ nes the approxi mate
| ocat i on R¥XHIPRM LERR Daseband) £Qi the| PREBUEPEy thReMiXBRal s descri bed
fromthe nodem 19, 30a to each RFU 21, 3la. The RF RX BUS 178 is an

The output data stored in the transmitter FIR filter 132
is computed to correct for any erfors that may occur due to
the 1/50 T difference in the I and Q time values. Also the \/
10 IF filter in the RFU (Figures 28 and 29) adds the two values
together to form the correct transmitted waveform since its

bandwidth is relatively small compared to the IF frequency.

‘In the modem receiver section, the mixer 138 mixes an -

analog waveform received from the RFU on line 150 via a 20
15 MHz bandpass filter (not,syowh)-with a 20 MHz IF signal on-
line 151 to down convert the analog signal to baseband on
line. 152. The analog signal is then converted by the A/O o

converter 139 to a digital signal on line 153 which is
buffered in the FIFO stack 140 for processing by the

20 microprocessor 141. The microprocessor 141 performs
frequency and bit tracking of the received digital signal and

also performs the FIR filtering and demodulation of.the

186

e mer e mew e e mammes ceem - csew x . s craem v e




Y ~
8-bit Bus between the Aggén1and RFU section. This bé3'189 conveys AGC
and frequency select information to the RF RX section. The nodem controls
AGC val ues to be sent, and forwards CCU frequency sel ection infornmation.
The' frequency select information is fed to the nodem by the CCU over the 5
MOD BUS 157. During training node, the nodemw || control the RF RX
fregquency selection. The RF TX BUS 179 is an 8-bit bus between the nodem

and t he RF&kﬁéfieﬁﬁEB“gh§9h§59$§y§§@Pe*irz?ﬁpQWSS'§§X§§°?§§ﬁ?r%$uqq§§,mﬁth

sel ect

i nf or

lon to i on. e node ng to

these, 10 1sgh¢s £He cepormation is only forwarded to the RF TX section.
The RX 80MHZ REF |1 ne 180 carries an ECL 80 WMHz reference clock signal to
‘the RFU RX section. The TX EN line 182 to the RFU TX section carries a

si gnal

to enable RF transm ssion. The RX EN line 183 to RFU RX secti on

carries a 15 3hgad@itdoantbl theFanadogt and difitadCdadR Isighal$iwhdchi es
fa wite strobe to latch AGC data into RFU RX section. The RXFREQ WR | i ne
185 carri esre protessedoby tbe modemgnay nmmbess ofocoherBIUahd sdattusn. The
PWR WR | ine 186 carries a wite strobe to |atch power information into RFU
TX secsi onsigpalsThzepsRntDtO andl £ropathiec modemead Thesehsignalsad back

power

10

15

20

generally are sent to the modem from the CCU. The modem also
sends control signals to the RFU to control such functions as
the transmit power level, frequency, AGC, and antenna

switching for diversity.

The modem interfaces are shown in Figures 26 and 27.
The modem receives most of its inputs from the CCU. Other
inputs are from the RFU and the timing units. The modem

inputs are as follows:

The following lines carry the signals described to the

modem 19, 30a from the CCU 18, 29:

The TX DATA lines 156 carry a 4.bit symbol to be
transmitted by the modem (2 bits for QPSK, 1 bit for BPSK},
The MOD BUS 157 is a bidirectional microprocessor bﬁs that
provides control/status information to/from the modem. The

MOD WR line 158 carries a control signal to the latch MOD BUS
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inforé;tion.fron1the é;a TX section. The TXFREQ NDﬁ;\ne 188 carries a read
strobe to read back transmt frequency fromthe RFU TX section. The TXFREQ
WR line 189 carries wite strobe frequency wites to the RFU TX section. <
The I F 190 TRANSM T line 190 carries the transmtted signal at IF
frequency to the RFU. The following lines carry the signals described from

t e nbdem 19 to the STINU 35. The VCXO BUS 192 is a 20-bit data 5 bus to

VCXO h |
3% gs'shtagec Vieoteny | e 8 " AETASE PR 44 CFLEOR b ke TN
2 timing 88 P‘u?c &“‘E%mv'm?‘? o dif SR DRESTAL {0 lohfOthe WEBIEHR 200 1 ©
station mpdemy ,f@ésuwe@b@ow fpyed e fmesURBSET CopguUpéGation

at the base statlon | dupl ex therefore the modem receiver and

transmitt asrdijlds e CHIEFS] NEignall ¢@neeset ythe/ moadmln afke: Mopaabbgned to
be the control frequency channel nodem thus only transmtting 15 and

recei ¥i Ng 1iHed M1 ety addwessosignabsrtb dbfiferentRIGratbonat tduring

the allocated control slot period. Al transm ssions fromthe base station

modens ar Aaticir leeallves timside the modem. The TX SOS line 162 carries a
signal to begin tramsmitting a TX slot. The RX SOS line 163
carries a signal to begin receiving an RX slot.

-/

The IF RECEIVE line 165 carries an IF receive frequency

10 input signal to the modem 19, 30a from the RFU 21, 3la.

The following lines carry the signals described to the
modem 19 from the.S?IMU 35. The 80MHZ line 167 carries an 80
" MHz ECL clock signal. A like signal is provided to the!mpdem \J.
30a by a timing unit (not shown) in the subscriber station.
1% The 16KHZ line 168 carries a master TX CLK signal used in
base station. The SOMF line carries a master start of frame

signal in the base station from STIMU. This signal is not Q_)

used in the modem, but forwarded to the CCU 18, 29.

The following lines carry the signals described from the
20 modem 19, 30a to the CCU 18, 29. The TX CLK line 171 carries .

# 16 KHz clock signal that provides the CCU'with the symbol

188
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master TX CLK signal at™6 KHz on line 171. Unlike thé subscriber nodens,
the base station nodens 19 output to the 20 CCU 18 the fractional part of
the synbol tinme between the master TX CLK signal on line 171 and the
derfved RX CLK signal on line 172 in the nmodem 19. This information is then
191 C sent to the subscriber station in the RCC so that the subscriber
stafion will delay its transm ssion in order that is signal is received at
t he base station, synchronous with all other slots. The base

station nﬁféﬂ@%l%ﬂ“’t’?%ﬂsrﬁY@b@ﬁmneﬂb@g’yﬁ@ :gnm theimedenrwith thet to
Pransm ts 909 <A & (%“ f5Hi's To.Che puse perationoiathostors
oo m%'@é’{fg $hiobt ChEr nobbug STh p1aate SroniEhy heec
gﬁgggfibgfhnﬁb?ﬁ§35|gnne s {ngél g@%n?%é EQﬁ%% t$ﬁ£%§¥f§$¥e2g1rfgn1the
CCU 18 ancstatadss, (€ike IPx cix H\SNbHEL0P byséhé‘sf?aéw&kfl CPERSe SHPESY1 ber .
by the modem on information supplied by the CCU. The RX CLK
line 172 carries the 16 KHz clock signal that is derived from
the received signal. This signal is always provided in the
subscriber station, but is provided only during control slot
10 acquisition in the base station.) This clock signal clocks
.out the received symbol to the CCU and provide symbol timing
to the CCU. The RX DATA lines 173 carry the four bit .
received symbol, clocked by RX CLK signal. The MOD BUS 157
carries status and data information from the modem. The MOD
; 15 SOMF line 175 forwards the SOMF signal from the STIMU to the
CCU in the base station. The AM STROBE line 176 carries a
high to low transition to give the CCU a rough frame marker
during RCC acquisition in the subscriber station. This is a
U/ one shot line that is pulsed when the microprocesscr 141

20 determines the approximate location of the AM hole.

The following lines carry the signals described’from the
modem 19, 30a to each RFU 21, 3la. The RF RX BUS 178 is an

8-bit bus between the modem and RFU section. This bus
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Al |l .operations in the subscriber station nodem 30a are derived fromthe
received RX CLK signal on line 172 which is recovered fromthe received
transm ssion. This serves as the master clock of the subscriber station.

The TX CLK signal on 20 line 171 to the CCU 29 is not a master clock as ~
in the base station. It is derived fromthe RX CLK signal on line 172 192
and del ayed by the fractional tine as selected by the CCU 29. The CCU 29

Sgi SLZ‘n”Eég%‘?%xSeéﬁﬁsepE‘ SGrisney, Seingk Inaomiatiod &7 Ui AR Feods:
iS5 . .
Erhlasnoderé%%gibgggl ?hggggu%orc@’g '?ﬂestﬁ act |J(')#%eéndé$ W‘C(%@QBUS el
he 160 fefhatls, CEURETeqniily dadu %?‘s'y’if#ﬁ"*mfﬁfs%%ﬁfg@. ;

signals agei¥bldihtormditioie iFRS U e fﬂdﬁﬂxﬂ%ﬁ!’ ARONECY Nodde £R@0e of
al |l subscriber stations. Communication i s hal f-duplex at the subscri ber

statigpn. MopsSBUShas7t.he purdiyTitraininfg imdde, ithe Smd;d&m ki El. cdiergl
nodem 30a, when not actively transfitting, is set to its 15 recei ve node

and can tthe RENRXoifrielgmentyn sedexitdiori. t 'Bhe RF TX BUS 179 is an 8-bit

bus between the modem and the RFU TX section. Thls-bus-

conveys TX power level and frequency select informatibn to

the RFU TX section. The modem has nothing to do with these, |
10 thus the information is only forwarded to the RF TX section. .\‘J

The RX 80MHZ REF line 180 carries an ECL 80 MHz reference

clock signal to the RFU RX section. The TX EN line 182 to

the RFU TX section carries a signal to enable RF

transmission. The RX Eﬁ_line 183 to RFU RX section carries a

15  signal to enable RF reception. The AGC WR line 184 carries a &J‘

write strobe to latch AGC data into RFU RX section. The

RXFREQ WR line 185 carries a write strobe for frequency

writes to the RFU TX section. The PWR WR line 186 carries a

write strobe to latch power information into RFU TX section. Y,

20 The PWR RD line 187 carriés_a read strobe to read back power
information from the RFU TX section. The TXFREQ RD line 188
carries a read strobe to read back transmit fregquency from
the. RFU TX section. The TXFREQ WR line 189 carries write

strobe freguency writes to the RFU TX section. The IF
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recei ve-signal to be pﬁggared when a burst arrives ‘:6n1the base station.
The subscri ber station nbdem 30a does not transmt an AM guard band for the
slot. None is required since the base 20 station defines the frane.
UnlT ke the fixed frequency base station nodens 19, subscriber station
nodens 30a al so can 193 ‘transmt or receive data over any one of the 26
frequenci es selected in the RFU by the CCU 29. There are many sour ces of
delay in the nodemthat have a pronounced affect upon the systemtimng..
Such t hi nFRAYSMIThdlinge 18hicarrids ctheltransmittedosigral det 238, FIR .
filter processing delays, etc. These delays skew the TX and RX franes from
one anot hfreanerchds theBFhust be taken into careful account. The del ay
between the TX SOS signal on line 162 in the 10 base station and the
first received anal og synbol "peak" at the base station is +7.4 synbols.

Therefore, the I S skew between TX and RX s]Jots, To correctly decode
the inconing phzge,foa][]tﬂ?”rﬁﬂj MR CHTY the S InRlsRricmibed fxom sthet or e

the 'peak arri o Jneref t SK@ﬁ% 15 i.gnal . and the
begi nni ngmggehx\i?;rﬁﬂ [ ge iés)lrlggjo 4 s M%J‘%s a 208 l%'t data
5 bus to a VCXO in the STIMU 35 with control information for
frequency tracking. The vcxo WR line carries a write pulse
to the VCXO circuit for latching the VCXO BUS 192 into the.

VCXO0. Like signals are carried from the modem 30a to a

timing unit (not shown) in the subscriber station.
10 The base station modem operation is assigned to a fixed
- RF frequency. Communication at the base station is full
duplex, therefore the modem receiver and transmitter will be
W\M}. operating simultaneously. A modem also is assigned to be

the control freguency channel modem, thus only transmitting
15 and receiving information with the radio control channel
(RCC) format during the allocated@ control slot period. All
\;/ transmissions from the base station modems are clocked to the
master TX CLK signal at 16 KHz on line 171. Unlike the -
subscriber modems, the base station modems 19 output to the
20 CCU 18 the fractibnal-part of the symbol time between the
master TX CLK signal on line 171 and the derived RX CLK

signal on line 172 in the modem 19. This information is then
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Iengtﬁ&’At t he base station, the start of the RX sl ot occurs about 4 T

after the start of the TX slot. The. RX slot start is defined as the tine
the first analog sanple is taken in 20 order to detect the first "peak"

that is received. 194 The subscriber station clocks are derived s
conpletely froma master 80 Mz VCXO in the subscriber station timng unit
(nlot shown). The VCXO is controlled by an analog |ine fromthe nodem 30a.

Fromthis, all rec ive and transmt 5 ocks are cal culated. The nodem
30a then BEBF &8s 4§§993;§$¥rPY?E495 #ﬁt‘h&‘ﬁgﬁ §PgﬁHFtoﬁ'Fine 172

derived fro

dat a, T CCU 29 1 1 1
CordTo | neBsgrings Hhakhan il Gy f s Erppanitaians it Oraprothaf, o

from the & 3%%%%%%@%%3 e T

for the UP fggéng t he reception of any slot, the nodem 19, 30a
perforns requency sync roni zation by acqui sition and then continues
tracking. In the subscriber station, the VCXOis 15 under direct control
of the mcroprocessor 141 through a EVA converter. The m croprocessor

frequgncy acquirtid isWsénétation modem 19 also transmits a null energy
signal in the control slot to provide the RCC AM hole (which
establishes a frame reference) when the RFU transmits a null
energy signal. This no-carrier portion of the RCC
transmission is used for-;nitial RX acquisition at the

10 subscriber station.

The modem 19 is unaware of the fact thaﬁ there are four
voice codecs in the base station, multiplexed by the CCU 18,
for four 16 PSK subscriber slot assignments. The modem 19 4_17
accepts the bit stream from the CCU 18 and treats the |

15 transmission just as a single codec subscriber.

All operations in the subscriber station modem 30a are W,
derived from the received RX CLK signal or line 172 which is
recovered from the received transmission. This serves as. the
master clock of the subscriber station. The TX CLK signal on

20 line 171 to the CCU 29 is not a master clock as in the base

station. It is derived from the RX CLK Sighél.on.line 172

192



rd

{
tracki ng al gorithns co

t he nodem 19, 30a al so perfornms bit synchronization on the bit sync

scrianbl e of the received data stream An algorithmperforns a bit tracking

| oop inside the receiver. The m croprocessor 141 has control 5 over a

vari abl e fandudelayédvbycthef fractionl, tideOas se@déotedh by dtive ©FUC@%.r ol

sl ot denodul ation). Inside of the -bit tracking | oop, the nicroprocessor

141 nodi f | Bhet GEUT e8qdeteymdneissithe delayddiromo thiet HAC hi (They dellagniisat i on.

-During the_reception of a_voice channel,

si zes of 0GeteEmimgdihy thet distancge, hedveeqn base and sphseribedy change

nore drastically, as ch as +/-,.50% Frane nchronj zation s handled in
-conpl et el ysﬁ?ﬁ'éf‘ént %s s@*ﬁéﬁs%*&%’b%@n%% BJL? dhi®er stations.

554 RAoRn, Y48 AR 3 Y MR

I n th% bas

f or warded

the modem 48y Tahg hﬁdﬁﬁe3%%§§Q%é%?wiéﬂdyﬁgs for the fractional delay.

10

15

20

The CCU 29 accounts for the integer symbol delay be insertion
of the TX SOS signal on line 162 delayed by the correct
numher of symbols. This process aligns the signals arriving
at the base station from variations in the range of all

subscriber stations.

Communication is half-duplex at the subscriber station.
Thus, when the transmitter is idle, it is inhibited. The
modem 30a, when not actively transmitting, is set to its
receive mode and can thus monitor the gain levels of the

receive signal to be prepared when a burst arrives from the

base station.

‘The subscriber station modem 30a does not transmit an AM
guard band for the RCC slot. None is regquired since the base
station defines the frame. Unlike the fixed freguency base

station modems 19, subscriber station modems 30a also can

193

#g:te t he changes in the VCXO Wécessary to nmaintain
synchroni zation. In the base station, an OCXO | ocated in the STIMJ 35 is 20
fixed and acts as the master clock of the system Therefore, no frequency
dévi ations will occur on reception. 195 During the receipt of any slot,

t he division values have step 10



used‘ior al | transnig;ion'fron1the base stati on. g:;n1this and the nmster
system synbol clock signal (16 KHz), the CCU 18 can derive all slot and

frame timng. 20 In the subscriber station, frane synchronization ié/
done by the CCU 29 with the detection of the unique word in the received ~
RCC data stream Upon initial acquisition, the 196 nodem 30a provides a
qne shot, approxi mate franme marker (AM STROBE) on line 176. During
ach|S|t|on the nodem 30a %ggrches for the ANI?[LE?iE Lg RCC. |LF the AM
HOLE i s tyapsmidq on Fechiie, date OVt sy ¢Rf 9 f FAnEEegHEDFiLSR 5

provi de t M on 76,10 the CCU 29 at the frane
IocatioﬁeB'F H?QS%MJ’ QQEHéegsthi s strobe marker to set up
initial frame marker counters (w ndow ng) that can be nodified by CCU
software for exact frame sync. This also signifies that the AM HOLE was

det ect ed and (%ﬁf LL€e o n 0 r the
control of thgﬂéﬁﬁqﬁgg *T%e g?g%a £ é%?%%f?ﬂ g ?ngaﬁgg SRB§R§Q@ a
line 163 yrpurifEd et LhiSofiDERE 39stéﬁatiﬂﬂi§9' nshBR thapgel ssion or
receptidn of a slot. These signals are synchronized to 15 the TX CLK
si ggal Qgmdivde lablaXoy £irté&X deKagegnpropaghtion delays, FIR filter
processing delays, etc. These delays skew the TX and RX
frames from one another, and these skews must be taken into

careful account.

The delay between the TX SOS signal on line 162 in the
10 base station and the first received analog symbol "peak" at
the base station is +7.4 symbols. Therefore, there is a skew
between TX and RX slots. To correctly decode the incoming-
phase, the modem must begin sampling about 3.5 symbols before {;d‘
the "peak” arrives. Therefore, the skew between TX SOS
15 signal and the beginning of RX sampling is abogt-4 symbols in

length.
At the base station, the start of the RX slot occurs
about 4 T after the start of the TX slot. The RX slot start

is defined as the time the first analog sample is taken in

20 order to detect the first "peak” that is received.
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172 regpectively. The g;If adapting node is a | ooped-back state that the
nodem enters to train the receiver's digital FIRfilter 20 coefficients
to correct for any receive analog filter degradations that nmay occur in
tMe or with tenperature. The analysis is done by |ooping back the
transmtter data through 197 the RF unit and receiving a known pattern
in{the receiver. The coefficients are optim zed over a 5 constraint

the SQ?L:& - LamRe. SRPER TP el oh, Wbk Ack “estierreél V@ﬁdco%i‘é% %ﬁ""g‘y 0-0s
T, (4
st egim) f £ om gﬂ gﬁsgg?[ felrog\;\ngrzh?ﬁ?#n% erﬁﬂm ng i&%}ﬁg‘t% m cropr cgtsgor

~141 provi qﬁ§tt an'{es wi)R T ifree ol 1?(; éd!ﬂ?rolffe & I%e;‘%'gcsﬂ("m(ln&% %@Ol

| ong 10 training patterns This 1I's ne via own)

that is efabmet¢hélkioden R0l AiFtdk) CHIG, A@/Wxﬁkelm e dndieie by the

“receive bit track circuitry that wll skew the two streans by 0.05 T. The
CCU 18, 2elpthscarehcalvdlated. 3®hd mModdn 30> thén 6p1fb1ﬂgié’s)dﬂ1é aey | ow

the nmodemtransmitter section to read
29 with the 16 KEz RX CLK signal on line 172 derived from the
incoming data stream. The CCU 29 itself detects the unique
‘'word in the control channel and can determine frame and slot
markers from the unique word and the RX CLK signal on line

\«’10 172. The AM hole signal from the signal demodulated by the

modem informs the CCU 29 where to look for the unigque word.

During the reception of any slot, the modem 19, 30a
performs frequency synchronization by acquisition #nd-then
**;) continues tracking. In the subscriber station, the VCX0O is
i5 under direct control of the microprocessor 141 through a D/A
converter. The'microprocéssor frequenéy.acquisition and
tracking algorithms compute the changes in the VCX0O necessary

W, to maintain synchronization.
In the base station, an OCX0O located in the STIMU 35 is

: 20 fixed and acts as the master clock of the system. Therefore,

no frequency deviations will occur on reception.
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speci al” training datagfomthe FI FO stack on board the nodem The receiver
section will be advanced/ del ayed for sone of the tests. \Wen the. process
is conplete, the nbdem sends a status nessage to the CCU 18, 29 that the
coefficients are 20 conputed. At this tine, the CCU 18, 29 tests the
nodem by placing it in normal operation and witing out a set pattern, 198
co nding the RFU 21, 31a to | oopback, and read the returned data and test

for validity. d [ i iy faardeher, | - iEds S
patent applica ?gﬁﬂgntegtbl gﬁéﬁﬁeﬁﬁﬁﬁsﬁgﬁ'i l}e&réek_@dfgflel?ﬁ'pne gyst eénJT .
filed on suefofmbepher e};»hbhrbmli&uo?ﬁw Rhed bitDByné Meranb i Spv @l
Moshe Yehushua the disclTosure of which is incorporated herein by reference.

RF/ 1 F Uni teé¢&vbaaad tanketeam.nt anf adyyohic i Pertfvint embi© Wtkaski
comuni cati ons channel |ink between the nodem and the antenna in both the
base 10 1lobdptinsidedthecreceiverher Meamivroprbvedsdy fldictiasicastrol

|l i near anplitude and frequency translator and is essentially transparent to
t he dhannevedaaavamdabdéufregquencyadictigderstaf shellBd MRz WEX0 e r0CXe

circuit for the subscriber station
{(only during control slot demodulation). Inside of the bit
tracking loop,.fhe microprocessor 141 modifies the frequency
division in order to obtain bit synchronization. During the
reception of a voice channel, the division values have step

10 sizes of 0.1% of 16 KHz, but during a control slot the values v

may change more drastically, as much as +/- 50%.

Frame synchronization is handled in completely'different
ways in the base station and the subscriber stations. In the
base station, the master SOMF (start of modem frame) signal

15 is forwarded to the CCU 18 on ling 175 from the timing unit
on line 169 via the modem 19. This is the master SOMF signal
used for all transmission from the base station. From this
and the master system symbol clock signal (1€ KHz), the CCU

18 can derive all slot and frame timing.
20 In the subscriber station, frame synchronization is done

by the CCU 29 with the detection of the unigue word in the

received RCC data stream. Upon initial acquisition, the
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15 i's shown in Figuré 28. A RFU control logic cigguit 192 is coupled t
the transmtter antenna 32, and the three receiver antennas 32a, 32b and
32c by the antenna interface circuit. The RFU control logic circuit 192 is
also interfaced with the transmt section of the nodem 30a, and the receive
sections 199 of the nodens 30a, 30b and 30c. Actually, 32 and 32a are

t hge- sanme antenna. The transmtter section of the antenna interface

i ncl udes . v ; | fd Ci ' : hgsi zer
194, a po&gf’gglrrpli ﬁierioq; arﬁ@#ﬁ%&%ﬁ%%iyﬁéﬂ?@% e@ ver
section t i | nt fgﬁ?'ﬁgaﬁggfi 0 nd

anpl : fi eng'fég,ghg @ ?;lrﬁgzdz'erq{%9 a I a prearr%‘?'f Y%?é%%@%?jc%éi S

connect edgk@reWelsC Eckd AhdEanh Bl tirnale dRoce! Sity €€ AN aioPecid on, TXn 10

(n =2, 3) includes a down converter and anplifier 202, a RX synthesi zer
203 and adpteerxed,’ ithe MbHen [B0aRFddwors rit foxwis feéw Cfrdmd®dZand Gpigles t he

-following signals to the transmtter section of the antenna interface
circubt i providenthe AM ISTROER alarkex covellirie dl16 heo ttlee 00U 2% at Sdoé i on
of the nodem 30a: (1) a TX enable signal on line 206 for causing the TX/ RX
swi t ch 19frepecdgsnatiommhithe &AM HOLE. The CCU 29 uses this strobe

marker to set up initial frame marker counters (windowing)

that can be modified by CCU software for exact frame sync.

This also signifies that the AM HOLE was detected and the RCC

w10 is acquired.

Slot synchronization is under the control of the CCU 18,
29. The signals TX SOS on line 162 and RX SOS on line 163
are commands to the modem 19, 30a to begin the transmission
I or reception of a slot. These signals are synchronized to
*:> 15 the TX CLK signal on line 171 and the RX CLK signal on line

.172 respectively.

The self adapting mode is a looped-back state that the
modem enters to train the receiver's digital FIR filter
20 coefficients to correct for any receive analog filter
~degradations that may occur in time or with temperature. The

analysis is done by looping back the transmitter data through

197



t he. tgansnitter antenna 32; (2) an IF input signal on line 207 to the up
converter and anplifier 193; (3) a power control signal on |line 208, also

up to the up converter and 20 anplifier 193; (4) a clock reference signal
on line 209 to the TX synthesizer 194; and (.5) a channel select signal on
Igne 210, also to the TX synthesizer 194. The TX synthesizer 200 194
rdsponds to the channel select signal on line 210 by providing a TX

frequencyegl R8! udii¥NAnaCReldeiVing & kiidith Pa CEME ik tRe réd@ivés: &1 193
that is equal to the difference bétween the desired transmt frequency and

the modenthé eoefificdentey artoptitiud Vet WIS dddstirdidOLiCrangtsnt he
follow ng signals to each of the receiver sections of the antenna interface

circuit isyseemansqhese bonstyam s anse vED ftloen tdreivepoddta cstremmy e
sections of the nodens 30a, 30b and 10 30c: (1) a TX enable signal on
lines 213(2)d thesdattie stoean dedayed bind HPHITS i €3) cthevdata 198redH2 to
operate in the receive nodes; (2) an automatic gain control é@(ID si gnal on
| i nes® 214advancedidih GdS &t ddlarkhedatd istream cfrom the adircent) a

cl ock reference signal_ on lines 215 to the RX 15 synthesjzers 199, 203;
and (4) auUPReFnshanneds; and;n) Jhe data steam from'the adjacent lower

channel.

During training, the microprocessor 141 provides to the
TX FIR filter 131 on line 143 a series of 32 symbol long - \o/
10 training patterns. This is done via a FIFO stack (not shown)
that is enabled during the training mode. Advances/delays
are done by the receive bit track circuitry that will skew

the two streams by 0.05 T.

The CCU 18, 29 places the modem 19, 30a into the
15 training mode to allow the modem transmitter section to read
special training data from the FIFO stack on board the modem.
The receiver section'will be advanced/delayed for some of the
tests. When the process is complete, the modem sends a
status message to .the CCU 18, 29 that the coefficients are
20 computed. At this time, the CCU 18, 29 tests the modem by

placing it in normal operation and writing out a set pattern,
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i nes 2&6 also to the Rg:;ynthesizers 199, 203 respdg; to the channel

sel ect signal on lines 216 by providing a RX frequency sel ect signal on
lines 217 to the down converter and anplifier circuits 198, 202 that is
equal to the 20 difference between the desired receive frequency and the
nodem | F frequency. The down converter and anplifier circuits 198, 202
proQide | F output signals on line 218 to 201 the RFU control logic

t 192 f I t t f ot t d
308, 30b aREEEAR 'Vi!%e O % ¢ 53, o fiboRtac O andl a8, Yol
tranjsm_tteﬁ[;-gcégltr ‘H@ Iated | F signal on line 5 207,
't an ﬁ ates

anplifies rans *sel ected RF channel frequency. A
conbi nation of filters (not shown), anplifiers 196, 197 and | evel control
circuits (not shown) is then used to provide the proper output |evel and

suppress undesi mafe ThSHEM Sifidd £CriNEd iR NEu PR EPAELd { U CEGLSenaiity 10
transmtter output frequency is the sumof the nodemI|F frequency and a

conver si ontf,r squgEdensy NipEbl cLEion vt itied  WWSdén Ofdt NSul€¢ £15EE ERF
frequency supplied by the nodem The subscriber station RFU functions as a

hal f - dupl effelephone iSystemn® cf ibed von hevér deﬂelhﬂewimcby\/k'mwragethe
transmt
5 David N. Critchlow and Moshe Yehushua the dzsclosure of

which is incorporated herein by reference.
N~ RF/IF Unit (RFU) and Antenna Interface

The RFU subsystem provides'the communications channel
link between the modem and the antenna in both the base
10 station and the subscriber station. The RFU functions as a

linear amplitude and frequency tranélator and is essentially

transparent to the channel data and modulaiion'

characteristics.

The antenna interface circuit for the subscriber station

15 is shown in Figure 28. A RFU control logic circuit 192 is -
coupled to the transmitter antenha 32, and the three receiver

2 antennas 32a, 32b and 32c by the antenna interface circuit.
The RFU controi logic circuit 192 is also interfaced with the

transmit section of the modem 30a, and the receive sections
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15 intervals. The transmt burst rate is sufficiently high to simulate
full-dupl ex operation to the user. The frequency channel assigned is that
sel ected by the base station RPU. The antenna interface circuit for, the
base station is shown in Figure 29. An RFU control logic circuit 219 is 20
cqupled to the transmtter antenna 23, and the three receiver antennas 34a,
34b and 34c by the antenna interface circuit. 202 The RFU control logic
circuit 8¥9the slodemsnidda,a30b wnd1 30w, t rkctuallpecld2 candf328caredenel9,
and the receive sections of the nodens 19, 19b and 19c. (Mddens 19b and
19c are eamer antenmddens not shown in Figure 2.) 5 . The transmtter
section of the antenna interface includes an up converter and anplifier
circuit 220, a TX synthesizer 221, a power anplifier 222, a high power
anplifier 223_.in a power detector, 224 and a bandpass, filter 225. A first
recei ver sect ¢ AYanERitter spctien of theantenna intentace down

o AT 4 B S AR P e TR, s
1S SRR SN 96 €L A G 196 R 0 BRI Shodd® 2

switch 197. A first receiver section RX 1 of the antenna '

interface includgs a down converter and amplifier 198, a RX

synthesizer 199 and a preamplifier 200 which is conhected to

switch 197. Each additional diversity receiver section, TXn '
i0 {n = 2, 3) includes a down converter and amplifier 202, a RX

synthesizer 203 and a preamplifier 204.

The RFU control logic circuit 192 provides the following
signals to the-gransmitter section of the antenna interface
circuit in response to the signals_:eceived from the transmit

15 section of the modem 30a: (1) a TX enable signal on line 206
for causing the TX/RX switch 197 to enable transmission by
the transmitter antenna 32; (2) an IF input signal on line
207 to the up converter and amplifier 193; (;l a powér
control signal on line 208, also up to the up converter angd

20 amplifier 193:_(4)_a clock reference signal on line 209 to
.the TX synthesizer 194; and (5} a channel select signal on

line 210, also to the TX synthesizer 194. The TX synthesizer
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15 *.. The RFU contg;} logic circuit 219 providé&*the foll ow ng signals
to the transmtter section of the antenna interface . circuit in
response to the signals received fromthe transmt section of the nodem 19:
(" a TX ON signal on line 239 to the up converter and anplifier 220 for
turning on the 20 transmission section to enable transm ssion by the
trdnsmitter antenna 23; (2) an |IF input signal on line 240, also to the up
converter _and anplifier 220; (3) a c¢lock 203 ref erence signal on |ine 24
to the TXX¥4nERSPrRds 291 the,channel selecs signali on Jdime #H19 bw 242,
also to the TX_S nthei'z%r 221. The TX synthesi_zer 1. responds to the
channel SEBFE¥L83RgnA T8, ExeRBeney melnck migngL, oo« o thes ik

the di 11 erehUErEeR, 8¢ ARPIR AR A4E WA Y Rapan s T e ienba
[ equency por ek She Hudidlos ialenss MG hd e bbddidgs 1o pover

det ect or 0 the up converter an RFU
control | egeguencqui t 219 provides the follow ng signals to each of the
recei ver sections”of the antenna. interface circuit in response to the
signals received fromthe respective receive sections of the nodens 19,
19b, 19c:

The RFU control logic circuit 192 provides the following
signals to each of the receiver sections of the antenna
interface circuit in response to the signals received from
the respective receive sections of the modems 30a, 30b and

10 30c: (1) a TX enable signal on lines 213 to cause the down
converter and amplifier circuits 198, 202 to operate in the

. receive modes; (2) an automatic gain control (AGC) signal on
lines 214 to the down converter and amplifier circuits 193,

202; (3) a clock reference signal on lines 215 to the RX

syntpesizers 199, 203; and (4) a channel select signal on
lines 216 also to the RX synthesizers 199, 203 responéd to the
channel select signal on lines 216 by providing a RX
U frequency select signal on lines 217 to the down converter
and amplifier circuits 198, 202 that is eqgual to the
20 difference between the-desired-receive-frequency and the
: modem IF frequency. The down converter anéd amplifier

circuits 198, 202 provide IF output signals on line 218 to
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(1) ankautonatic gain control (AGC) signal on lines 245 to 15 the down
converter and anplifier circuits 230, 234; (2) a clock reference signal on
lines 246 to the RX synthesizers 231, 235; and (3) a channel select signaJ\J
on lines 247 also to the RX synthesizers 231, 235. The RX synthesizers 231,
235 respond to the channel select signal on lines 247 by 20 providing a

( frequency select signal on lines 248 to the down converter and anpli.fier

CLCULS, PR, BRE! ohedi SHMAL JErels g4 A0 G BELUEE L P Bl
ol L 52 song E WS olbagi LRG| 00 SM dhdnghe o |1 ne 209 to

the respective nodens 19, 19b, 19c. The RFU s in the base station and the
subscri ber 5 stations are simlar with the exception of the additional

hi gh power anpitne &ip ZohvErtbst MAdCARPTEEi&L 12060t 199WeR fhet he base
station RF outputs. The basic function of the RFUs in either stationis to

convert theansailttier sdctilth éd€jvés othhe hodulabednDHegighalsont Lehe
section to the desired 10 RF transm ssion frequency in the 450 MHz UHF
ranges TROThcamipldSiek if and GFanslatesritrte the sepested REti on of
channel frequency. A combination of filters (not shown},
amplifiers 196, 197 and level control circuits (not shown) is
then used to provide the propér'output level and suppress . :
undesired signals at the image and harmonic frequencies.  The A
10 transmitter output freéuency is the sum of the modem IF
frequency and a conversion frequeﬁcy synthesized in 25 KHz

stops from the reference frequency supplied by the modem.

- The suhsc:iber,stationtRFU functions as a half-duplex

transceiver with the receivers inactive during the transmit
15 intervals. The transmit burst rate is sufficiently high to
simulate full-duplex operation to the user. The frequency

channel assigned is that selected by the base station RPU. W/
The antenna interface circuit for the base station is
shown in Figure 29. An RFU control logic circuit 219 is .

20 coupled@ to the transmitter antenna 23, and the three receiver

antennas 34a, 34b and 34c by the antenna interface Circuit..
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downconf{erting the recé;;e 450 MHz UHF signals to agT]F signal at 20 MHz.
The transmt and receive frequencies are offset fromeach other by 5 M.
The RF units are progranmed 15 by the CCU control function to operate on
di-ff erent frequencies used in the overall system Typically, each base
station RFUw || be set to operate on a given frequency assignment upon
sygteminitialization and will not change. The nunber of RFUs in the base
station corresponds to the 20 nunber of transmt and receive frequency
channel -paThe BEPpeontdoilnlolgdchedrcutitt i2d9. isTlad soulinterifacest stiithn tieUs
wi Il typically change frequency of operation with each new phone
connect i ontransmit Bmetikpnsoifnthedmodem di9,c anGC thed receive secthions ofe
“adj ustnments. The AGC gain _coefficient irs provided by the nodem based on a
conputatioﬁhFnmPﬁGmﬁegéhvé9§eéﬂﬁoﬂ9§hocé mE/ 1 9bn ande 19¢d@%e. The

subscriber _statiqgn transmt power 5 | evel is gonputed by the CCU based on
- messages ré§8F§§&tVr =] 98§e5§9%ﬂ dn Sioure %CQ channel and ot her

control paraneters. If all slots in a frequency channel are not used, the.
RFU will transmit an idle pattern placed into it by the CCU

5 ' The transmitter section of the antenna interface
includes an up converter and amplifier circuit 220, a TX
synthesizer 221, a power amplifier 222, a high power
amplifier 223, in a power detector 224 and a bandpass filter
225. A first receiver section RX 1 of the antenna interface

10 includes a down converter and amplifier 230, a RX synthesizer
231, a preamplifier 232 and a bandpass filter 233. Each
- additional'diversity receiver section, RXn includes a down
converter and amplifier 234, a RX synthesizer 235, a

7{“3 preamplifier 236, and a.bandpass filter 237.

15 The RFU control logic circuit 219 provides the following
signals to the transmitter section of the antenna interface
U circuit in response to the signals received from the transmit
section of the modem 19: (1) a TX ON signal on line 23% to
the up converter and amplifier 220.for turning'on the
20 transmission section to enable transmission'by the
transmitter antenna 23;.(2) an IF input signal on line 240,

also to the up converter and amplifier 220; (3) a clock
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10 | f~a conpl eted frequency channel is not used, the transmitter for that
frequency can be disabled by the CCU software through the nodem The
switching tine for the diversity switches shall be | ess than 50 v
m croseconds. 15 Three antennas and three separate EF/IF units are
prpvided.. (Single transmt, three receive). Many portions of the. base
station RFU. and antenna interface are identical to .those described above

for the 2 u | € M0 S Tyckte | o) [ A

i 1 er onc 2o TR, IV ort i 20 ¥b wiiv BECLLADLERVOGE 22F, B

enna | ace circults operate

on a ful | (dyphetriaties siledt WXUHAL 6P Pike 242! CALhYoES PRETRK| Y operate.

at 100 percent ty cycle. 1In tion, 1t 1s economcally attractive for

the base gyathesilzer0RI!l e e MOlByntkedibzés PPICresponds t&Cthever noise
figure receivers with diversity. The transmtter is intended for operation

at the hi ghashelers@ldcd sl | oy eline t 242itbyi Oprovj@ing ca CRXt £pegqueneyei ve
diversity is provided by multiple receive antennas and nmultiple nodens.
5 select signal on line 243 to the up converter and amplifier
220 that is egual to the difference between ;he_desired
transmit frequency and the modem IP'frequency. A level
control signal is provided on line 244 from the power

detector 224 to the up converter and amplifier 220.

10 The RFU control logic circuit 219 provides the following
signals to each of the receiver sections of the antenna.
interface circuit in response to the signals received from

the respective receive sections of the modems 19, 18b, 19c:

(1) an automatic gain control (AGC) signal on lines 245 to

15 the down converter and amplifier circuits 230, 234; (2) a

clock reference signal on lines 246 to the RX synthesizers

231, 235; and (3) a channel select signal on lines 247 also
to the RX synthesizers 231, 235. The RX synthesizers 231,
235 respond to the channel select signal on lines 247 by

20 providing a RX frequency select signal on iines 248.to the
down converter and ;mplifier circuits 230, 234 that is equal =
to the difference between the desired.receive frequency and

the modem IF frequency. The down converter and amplifier
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The baseLstation ordinaS?Ty does not change operatinsz?requency or transmt

power |evel during normal operation. The transmtter and receiver sections
are fully tunable to 15 each of the 26 channels. The transmt section of
the’base station antenna interface receives the nodul ated | F | NPUT si gnal
on line 239 fromthe nodem and processes it as in the subscriber
tralsmtter section described above. It is further anplified 20 to the
required power level and filtered by a cavity presel ector bandpass filter
225. to re®iFsuidis 23, 133l Jxovid¢ IPeoutputy signabsconslihecdboest ed
receivers and to reduce spurious em ssion |evel. The base station receive
section of thee RFH mratwféqm circuit| 239t for hdeli;ﬁrezylztzd;her rebeive
subscriber 5 . statiop except that the front end is precede y cavity

pr esel ect or® ?gi?ﬂ%r’ge%?t%,mm@ﬁ k2 plob,elP@inate the
desensi tization caused by co-located or nearby transmitters. Low noise
preanplifiers are al so used to reduce the usable threshold signal |evel

er]![ eﬁﬂgennas 23.ppd M@@”i&dﬁe %‘acsé‘agf&é{’o,? Balim oLgéig&L‘r:gl &r]y ot her

5 stations are similar with the exception of the additional
high power amplifier 223 used to increase the transmit power
of the base station RF outputs. The basic function of the
RFU's in either station is to convert the modulated IF (20.2
MHz) signal from the modem transmitter section to the desired

10 RF transmission frequency in the 450 MHz UHF range. The
receive side of the RF unit performs the opposite action of
- downconverting the receive 450 MHz UHF signals to an IF
signal at 20 MHz. The transmit and receive'frequencies are
'{ij - offset from each other by 5 MHz. The RF units are programmed
| 15 by the CCU control function to operate on different
frequencies used in the overall system. Typically, each base
station RFU will be set to operate on a given frequency
W} assignment upon system initialization and will not change.
| The number of RFUs in the base station corresponds.to the
20 number.of transmit and receive fregquency channel pairs
' supported in the base station. The subscriber station RFUs

will typically change frequenéy of operation with each new

phone connection.
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. . Y .
Additi&nal isolaiicw1€; provided in the transmt and receive sections to
ensure approximately 80 dB of isolation between transmtted signals and
recei ved signals. The bandpass filter, preanplifiers and anplifiers are
| ocat ed adj acent to 15 the appropriate transmt or receive antenna.
Di versity Reception Processing Diversity reception is used to reduce the
pdobability of experiencing a channel fade bel ow an accepted threshold. The
diversity systemis capable of adding three branch diversity 20 over the-
subscri ber to base and the base to subscriber paths. The diversity hardware

Special diver Sy SRR, TheTige afiabie AOCTRRA EEnREFY Poxed aBiEL,"rr
uni s Anda3URMAR e OohNiec "DEET BELERLLEGE $0TBEDALRER BYSpheansr ¢

capabi lity. the diverstty co ner-ci rcui own only in

the SubsGidat MU BA! AUGHbIEa ELGH' fn 2enb( rb8eDvESEEELRH RBEBEREY 1O

t he nndens and CCuU I n the base station in the same manner as
subscri bgistial itte ndEem OPerRé | SebsEE bl VEEatidn £68REMYR. pbherbase
station or subscriber station uses three receive antennas 10  separated by
a di st anqevelcdls cummitéd bysthe COutbabed on messages received from

the base station on the RCC channel and other control

parameters.

If all slots in a'frequency.channel are not used, the. v/

RFU will transmit an idle pattern placed into it by the cCu..
10 1f a completed frequency channel is not used, the transmitter
for that frequency can be disabled by the CCU software

through the modem.

The switching time for the diversity switches shall be

less than 50 microseconds.

15 Three antennas and three separate RF/IF units are . \_)

provided.. (Single transmit, three receive).

Many portions of the base station RFU. and antenna

interface are identical to those described above for the
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f adi ng CA&facteristics é; the signals received wll be uncorrel ated. These
three antennas feed through three identical receiver sections in the
antenna interface to the RFU control logic circuit whose |IF outputs go into
sebérate .15 nodens for denodulation. A TMS 320 mi croprocessor in the
diveysity conbiner circuit 33 (diversity processor) takes the outputs from
t he éndens and provide a nore reliable data streamto the rest of the

systemin lLates aq.si.ngle.nodem The1n%%#asks of performng
the diver S?Pgé@éﬁggiko%ﬁgﬁ%dn &‘g%ﬁ%% erRhaRize8tR®n t o0 the CCU
are the regpegabBhlelgy Oof the diversity processor hardware and software.
209 The glver5|ty processor reads fromthe three nodens their data

synbol s, AGC val ues, signal +noi se, magni tude and phase error (deviation of
the detected phase fromthe ideal 22.5 degree reference vectors). The

al gorithm used rReSbasécsta¥ies RFU]WH Wrildiths YihQr ¢ eg'e/ﬁsc L9 a

frajority vote and cal cul ations of signal-to-noise ratios reach nodemto
identify tbperatemon ah fulld dapleh balsig. gl e Eismitheerdl dai ty

processor-CCU interface regi sters are: _

5 receivers normally operate at 100 percent duty cycle. 1In
addition, it'is'ecénomically attractive for the base station
to operate at higher transmit power and to use lower noise
figure receivers with diversity. The transmitter is intended
for operation at the highest permitted power level without

10 dynamic control. Receive diversity is provided'by multiple

receive antennas and multiple modems.

The base station ordinarily does not change operating
‘{:} frequency or transmit power level during normal operation.
| The transmitter and receiver sections are fully tunable to

15 each of the 26 channels.

U The transmit section of the base station antenna
| interface receives the moaulated-IF INPUT signal on line 239
from the modem and processes it as in the subscriber |
“ , transmitter section described above. It is further amplified
20 to the required power level and filtered by a cavity

preselector bandpass filter 225. to reduce noise at the
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10 alwost identical to the registers found in the nodens, with the
exception that the extra registers used to pass information used in the
di versity processing function are not needed and therefore only three <
address bits are needed. Because the I/O capabilities of the TM5320 15
m croprocessor are small, and nost of the processing works with one type of
| O register at a tine, a special register which wll hold the register

addr ess Bﬁﬂgﬂéiﬁ ithequieRRies (G bofléciel Nt éceiverd@Endatoerédagecach

nodem mnus e read, tHhe highest value chosen, and the result witten to the
20 di vgparivuk eaissdons JeveY gi sters where it can be read by the CCU
The addressing of these registers is nost efficiently done if the address
of the AGC register is first 210 witten to a port where it is placed on
t he nodem address lines. Thereafter, the processor need only address the
correct nodenfThe baseristatdon aeceivegection 0k, thecarbgnBaceding 1/ 0
operations. 5 In the subscriber station diversity system each nodem
has its dnterifmcey imiaimidar it that discussed feeqth¢ EHESFRAB&T pdens in
Lo gl ahathon maEEm iiE the font énd 18 BPeedSd By chlTefOlom ol 0K

preselector bandpass filters 233, 237, which help to
eliminate the_desensitization caused by co-located or nearby
transmitters. Low.hoise preamplifiers are also used to
reduce the usable threshold signal level. All antennas 23, \J
10 34a, 34b, 34c have 30 @B isolation from any other antenna.
Additional isolation is provided in the transmit and receive
sections to ensure approximately 80 4B of isolation between
traﬁsmitted signals and :eceived-#ignals. The bandpass

filter, preamplifiers and amplifiers_are located adjacent to

15 the appropriate transmit or receive antenna.

Diversity Reception Processing
| o/
Diversity reception is used to reduce the probability of
experiencing a channel fade below an accepted threshold. The
diversity system is capable of adding three branch diversity
20 over the_subscriber to.Sase-and the base to subscriber paths.

The diversity hardware at both the base station and the
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are not(synchronized toc;ach other, latches are needed to 1d the data
synbol output fromeach nodemuntil the diversity processor reads it. An

i mportant function of the diversity processor is to maintain conmunications
bé+Aveen the CCU and the three nodens. This conmuni cation nust be done

qui ckly enough so as to neet 15 all of the CCU s requirenents but not so
fas{ as to overload the diversity processor. 211 CLAIMS: - 1. Adigital

Wi rel ess sys i ven plural nunmber of jnformatjon signals

em f.or processing a I ]

si nul t aneo g&ypr | RSB EAPTE udes 3 PRRGIAL ALYSORLLY | GRRPIRST

tial I SSi [ djo f 5 h |t
- eapoct | veCAEEBLHp HhRRE MR AT 61, RAATFATOA BB 1A B o pct | ve
" ti i.d tel | i f ti t he. i ti [
Fecei ved otbfeRbel- Y the imien RSN S mEinde T BAE ec: O gnal
Compress! OB ARISC WAL AP, SARKOYE e uFERS1{F cohSIAd A ERBL Y

5 33 is shown only in the subscriber system diagram of Figure

2, it is present and connected to the modems and CCU in the

base station in the same manner as in the subscriber station.

When operating with diversity reception, the base
station or subscriber station uses three receive antennas
10 separated by a distance great enough to insure that the
fading characteristics.of the signals received will be
) | uncorrelated. These three antennas feed through three
identical receiver sections in the antenna interface to the
1€i> RFU control logic circuit whose IF outputs go into separate
=- .15 modems for demodulation. A TMS 320 microprocessor in the
diversity combiner circuit 33 (diversity processor) takeé the
outputs from the modems and provide a more reliable data
U .stream to the rest of the system in a way that emulates a
single modem. The two tasks of performing ﬁhe.diversity
20 combination and appearing as a single modem to the CCU are

the responsibility of the diversity processor hardware and

software .
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digita‘wsignal sanpl e$~"derived fromthe respectiveeg%nversion means to
provi de separate conpressed signals; 15 channel control neans
connected to said signal conpression neans for sequentially conbining the
conpressed signals into a single transmt channel bit stream wth each of o/
the respective conpressed signals occupying a repetitive sequenti al

pésition in the transmt channel 20 bit stream and transmitter nmeans for
providing a transmt gginnel signal for transm ssion from said base station

to sai d subscTRBcRIVERBLEY BFOC s hep PR hR Hhiee modemSnnel in

ol ud nPREndak; BYPlRLRe: AGky VRS oA ETRT TR e IR TR 3P base
base of APBReT PERPEaRetaBsIrTL Y St dhieh e d ATt A LT 1 1°
stati on. 2275 4EGEeE e tBrench lchite e Voot Amp Wedl O, O, are
omt o, e e Ry Y et LEe i the
nmodul ati ggtkcupld ehlculations of signal-to-noise ratios for each

modem to identify the modem with the most likely right -

answer.

The dive:sity processor-CCU'interface registers aré; \‘)
10 almost identical to the registers found in the modems, with
the exception that the extra registers used to pass
information used in the diversity processing function are not

needed and therefore only three address bits are needed.

Because the I/0 capabilities of the TMS320
15 microprocessor are small, and most of the processing works
with one type of 1/0 register at a time, a special register
which will hold the register address needed ai"the time is
used. For example, the AGC value from each modem must be
read, the highest value chosen, and the result written to the.
20 diversity processor's 1/0 registers where it can be read by
the CCU. The addressing of these registers is mosi.

efficiently doné if the address of the AGC register is first
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t he iAfornation signgre and the power applied to the systemare adjusted
i n accordance with signal error detection in the system 5. The system of
claim1l, wherein said systemis provided with spatial diversity, said
spatial diversity conprising a plurality of antennas selectively spaced
froomeach other to provide relatively high signal reception despite signal
fading 6. The systemof claim 1 wherein there is a sinultaneous two--my
transm ssion of multiple signals on a S|ngleéyur of channels . 7. The

syst em of WELEERR] tandr PPFtrvher e it difoRlaced an (Thwiinadery address

I nf or mat i si gnal hase shift keying prior_to trans ssi on thereof. 8.
The systeigﬁ?scla iF?eﬁﬁéFg'nQHﬁaHﬁﬁﬁﬁ%ﬂﬂéi?qqgrﬂﬂ 1y a PHh&e shift
‘keyi ng. 9. m of cl.aim 7 wherein the nodul tIOH ﬁ ap I|e on 25

PPN S 1 afa DIGTORRPCREEYT, TRAGH hereby,

_systenfof conpression is effected by a re5|dual
excited | TR gé@iﬁ‘ élctl &5%& The systemof .claim 1 wherein

the conpression is effected by a subband.coding codec. 12. The system of
claim1l wherein the nodulation is nulti- phase phase shift keying and

whered n the coggr Q&x%e%u'ﬂéfc‘ir:!w:‘ W iBIR Bi iTSs MG Gy d €S e SN Gisadih 2
coding rate of 14.6 Kbps.
has its own timing unit, and the timing signals used by the
three modems in the diversity system are not necessarily in

phase. Because the modem clock signals of the three modems

A are not synchronized to each other, latches are needed to
-1d the data symbol output from each modem until the
diversity processor reads it.
An important function of the diversity processor is to
7{;} maintain communications between the CCU and the three modems.

This communication must be done quickly enough so as to meet
15 all of the CCU's requirements but not so fast as to overload

the diversity processor.
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13 DELETED 14. A systemfor processing a given plural number of 2
information signals received sinultaneously over_tel ephone conpany trunk

| ines for sinultaneous transm ssion over a given 4 radi o frequency (RF)
channel , conprising separate conversi on means fﬂq ' ection to
6 said trunk lines for converting the_inforrratimnﬂmmﬂmﬁmved over
said trunk lines into digital signal sanples ; 8 *. ¢ L aMgi%en plural
nunber of separate signal conpression nmeans for sinultaneously conpressing
the digital S|§ﬂ§&M§Q_ sanpl es respectively derived from separate ones of
the 214 C .. S conversion neans to provide said given nunber
of separate 121. cBnPigitad Wigrirss SVSHE LAMEBACSHREINE SHrihettRd to the

IC?]{TEr SSS! On| ”E?mﬁréfﬂ_ numBerSBgueRfoaiayt ioMY il & he mdzressesilgi gnal s
single

ransm hannel bit stream wt ach of the 16 [espective
conpressed sigﬁﬁF?}B@%ugyiﬁggﬁsﬁeﬁéFFﬁqﬂaQﬁﬁﬁi;éi%éh%ﬂ%nlkﬁéﬁtﬁ%ﬁ in the
transmit channgkqbehtihlegtrah8misadisncicatead argiven pragtier drrequeencyne of the
separate '

5 (RF) channel to respective subscriber stations,
comprising _
conversion means for respective connection tb said
telephone lines for cOnvertihg the information signals
received over said telephone lines into digital signal
10 samples;
signal compression means connected to said conversion\h)
means for simultaneously compressing the separate |
digital signal samples derived from the respective
conversion means to provide separate compressed signals;
15 channel control means connected to said signal
compression means for sequentially combining the compressed
signals into a single transmit channel bit stream, with
each of the respective compressed signals occupying a 4:}f
repetitive sequential position in the transmit channel
20 bit stream; and
transmitter means for providing a transmit channel
signal for transmission from said base station to. said
subscriber station over the said radio frequency (RF)
channel in response to the transmit channel "bit stream. -
25 2. The system of claim 1 including means for traném{tting
synchronizing information from said base ‘station to
said subscriber stations to align the signals arriving p
at the base station from said subscriber sta%ions to’ |
accommodate variations in distances between the .
30 individual subscriber stations and the base station.
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conpressi on nmeans; 20 an exchange for coupling the respective
separate conversion neans to indicated ones of the separate 22

conpressi on means; renote-connection processor nmeans for coupling to said
2% trunk |inds aRBer 8yehed RE (Slakmi heoMheF el 153 uinforpgkion edgnads
over one of said trunk lines b roviding a slot 26 assignment signal |

i ndied® | A§LRIGEEE ofEOBr Ehe &!%’&?th EOBSHFERT oR fne¥PiCene WBehandacsimide,

connect to the one of 28, the separate conversi on nmeans connected to said
oneWHQﬁﬂdI?ﬂEPHHGrtﬁ@ﬁb&@%ﬁﬁﬂ@ﬁﬁ%ﬁt%ﬁnséPGWﬁk?trunk line the slot in 30
the transmt channel bit stream_associ ated wth the qgne of e segarate

conpressi on nefns it FESEYMCBANE by’ .t HResein t _m°§§£ﬁsha heyfd, of
eSO GG S TURShAR PUORCRIRL RN TR SR Sfatlhohre
TR R thoget AL RO 2ol Al eOS OB S gl 1
oF e 510t {Bal ok S8ShONE) IR B kel Fata ! fSees®h providea
with spatial diversity, said spatial diversity comprising a plurality

of antennas selectively spaced from each other to provide relatively
high signal feception despite signal fading. o

O 6. Thé system of claim 1 wherein there is a simultaneous

two-wzy transmission of multiple signals on a single pair of

chan..sls.
7. The system of claim 1 wherein means are provided for

modulating said information signals by phase shift keying prior to

. .. transmission thereof.
(“) 8. The system of claim 7 wherein the modulation'is multi-
phése phase shift keying. | |

| 9. The system of claim 7 wherein the modulation is applied
on 25 KHz spaced full.duplex channels in the 454 to 460 MHz band.
~ 10.. The system of ciaim 1 wherein the cbmpression is
effected by a residual excited linear predictive codec.
P 11. The system of claim 1 wherein the compression is

effected by a subband coding codec. |
12. The system of claim 1 wherein the modulation is multi-

phase phase shift keying and wherein the compressed information

"signals are voice transmissions at a coding rate of 14.6 Kbps.
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=8 processor neans and respon5|ve to a said slot a55|gnnent signal for.
FPausi ng the exchange to conplete the connection 42 i ndi‘cat ed ‘by said sl of
' assig ment signal; and transm tter neans for. providimg a transn1t channel
44... si naI for transm ssion over the given RF ¢ e to the
trarism ey t- stream 15. A system accor‘%ﬁﬂﬂeﬂ!ﬂ wher ei n
sai d caﬁ est i s acconpani ed by a subscrh scatlon si‘gnal

|dent|fy|ng 'a subscriber station to which the call request-is 4 addressed,.
wherein the renote-connection processor means are 6 responsive to said

_subscriber identification signal by 216 . providing to the channel contr.ol
means qqtrarnsng-ysitegi for ﬁfBéé%'sﬁh@n&| g'l%r?aélﬁﬂainrﬁﬁ:%’&fay n between
the identified Subscriber station and - thé slot Tn the transmt channel'

bi § strapeAsstgaged slflgr{é?féoi‘é%etﬂréé' lew@@ahgm Q:lw}efeﬂléi ;ﬁ., ol 12
wherein the channel control neans are connected-to t I enot e- nect1on -

Pr 0Ces S gSﬂ?S t3UhK SEORES| ¥or! eﬁnﬁae%ﬂéoustffaﬁgﬂﬁs%féncew# S_d,r Ve e

by provi di a separate slot of the transmt channe streanla
Coﬁt“ﬂrﬂ@ﬁéaiﬁequency (RF) channel, comprising

separate conversion means fcr respeétive connection to .
6 ~ said trunk 11nes for convertlng the 1n£ormatlon signals

received over sald trunk llnes 1nto digital -gnal samples; \J'
8 . a given plural number of separate sxgnal compre551cn

means for s;multanecusly compre551ng the dlgztal signal ‘e s

10 samples respectlvely derlved from separate ones of the . i *j“ B
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16 addressed to the subscriber station identifiedkby the transmt sl ot

control signal and indicating the slot 18 contai ni ng the conpressed

Bﬁech data signal derived fromthe speech signal trunk
Fomwhich 20  the call request and accorrpar“mnm ﬂmmi

|dent|f|cat|on signal were received. 16. A system atcorditngstosUaim 1l

Afher conprising 2 a subscriber station including neans for
rece|V|ng and proceSS|nq said transmit channel signal to reconstruct the 4

|nfornat|69“§ﬂ@%ﬂ°q &9 RFRYIRe S given Ranbet ©f BOPAEILE he S| ot

of the transm.t chanhne b|t strean1|nd|cated 217 6 in the renote
cont}®l nﬁ?@gﬁgs % t he subscriber station was assigned. 17. A
“system according to Cla|n116, further conprising 2 recei ver neans
for receiving a receive channel signal and for processing the receive
channel si gnal chud Grd1 ndffE! LonROBDDE! ¢ inc' EERIICENIE Th
“separ at e conpress S|gna S |n erent respec Ive repe Ive Sequen Fal

slot;§  geY isefientidl rbmﬁingueﬁsrc&fa SEPREA §igh NS 1ELAESI S
nmeans 8 each associated wth a different ot position in the receive
single transmit channel bit stream, with each of the

16 respective compressed signals occupying a repetitive
sequential slot position in the transmit channel bit stream
18 associated with a predetermined one of the separate

compression means;

20 an exchange for coupling the respective separate
conversion means to indicated ones of the separate

22 compression means;

remote-connection é;ccessor means for coupling to said

24 trunk lines and responsive to an incoming call regquest signal

received over one of said trunk lines by providing a slot
(_ 26 assignment signal indicating which one of the separate

compression means the exchange is to connecf to tﬁe one of

28 the separate convefsioh means connected to said one trunk
line and thereby assigning to said one trunk line the slot in

30 the transmit channel bit stream associated with the one of

the separate compression means that is so connected by the
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channel-bit streamfor reconstructing digital_signal sanples 10 from
separate conpressed signals contained in the_EEE%ETﬁTéﬁ‘Tespee%+ve sl ot
p05|twons of the receive channel bit streany | cont rol w
means "segregates the 12 Separ ate conpresse H"&ﬁﬂ receive
channel bit streamand distributes the segregated sig the separate
14 synthesi s neans associated with the respective tinme slots from which

t he,si gnal re s 2 . _ * .1

sepd ot SXEATES BUSHEL Shefdinthe remotecsafinertinn, sEosehisr Bepme,  uni
i nes { OmaliGRQNNES d Mbedib ol (8t ShOER' s18ts APEPEESakS1GHe gRLI ON Signals

for transm ssion over t especti ve trun |nes |n each of the

Sepgaatec%%suﬂf%“%&@ﬁE%émbfﬁaﬁﬁohsréééﬂﬁta&?damkkhdo&ﬁc&%zhﬁeciﬁﬁarate
conversion neans and i s connectéd to a common one of the 22 trunk |ines

Wi th t he regueEtitfaig Selen apLoePaEsr &i AigESN6L u@e&ghﬁehhesegﬁbanﬂaaﬁeans
coupl e the respective 24 separate reconversi on neans to indicated ones of

t hezgepardfifectmtdcga id neonsectidn?2to a compriessdon meanscassecdagedcti on
processor nmeans are responsive to said incomng call request signal
recei vedwith one of the slots that is not assigned to another trunk

g line;

call processor means connected to the remote-connection - _
40 processor means and responsi#e to a said slot assignment k')
signal for causing the exchange to complete the connection

42 indicated by said slot assignment signal; and

transmitter means for providing a transmit channel
44 signal for transmission over the given RF channel in response _CDf

to the transmit chapnel bit stream.

15. A system according to Claim 14, wherein said call:
2 request is accompanied by a subscriber identification signal U
identifying a subscriber station tc which the call reguest is

4 addressed,

wherein the remote-connection processor means are

6 responsive to said subscriber identification signal by
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28 ovéL said one trunk |line by providing a slot _assignment signal for

I ndi cating which one of the separate synthesis 30 means the exchange is
to connect to the one of the separate reconversi ol g to said
okg trunk 1ine and 32 t hereby assigning to sai dr]cumnm;"lmwﬁg'ﬁe sl ot
in the receive channel bit stream associated with the toné ot the 34
sepgrate synthesis neans that is so connected by the exchange neans, °
wherei n the renote-connection processor 36 neans maintains a nmenory of -
whi ch sl otprovi@hngr toethe channel iciontsiolemeans: astrassmytedlatd consul ts
said nenory 219 C L MS * ( 38 upon receipt of a said incom ng

cal | Bequecentrdalt régnploindicatinghan gsisogistdsoobetween] theot assi gnnent
-signal 40 _ for effecting a _said connection to a synthesis nmeans associ at ed
wi th one oideptifigdssphacribexrystatdamand $he slofdmdhe transmite. 18.
A systen1accordigg to Claim1l7, é wherein the renpfe-channel |,
connd® i oncRpBREdsBit Brream pssdgned, in) response to, ACSAMAANYMY¥hs a

recei ve sl gt f control _si.gnal indicating an associ ati on between the
call redquest; and

12 wherein the channel control means are connected to fhe
remote~connection processor means and responsive to.a said
14 transmit slot control signal by providing ih a separate slot
of the transmit channel bit streaﬁ a remote control message
16 addressed to the subscriber station identified by the
. transmit slot control signal and indicating the slot
18 . containing the compressed speech data sighal derived from
the speech signal received over the trunk line from which
’(:; 20 the call request and accompanying subscriber identification

signal were received.

16. A system according to Claimlls, further com?rising.

2 a subscriber station including means for receiving and
processing said transmit channel signal to reconstruct the
¥ 4 information signal received from the trunk line assigned to

which the slot of the transmit channel bit étream indicated
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ident(%ied subscri ber station and the slot in nel bit
stream assigned to signals received fromthe subscriber station identified
by the received subscriber 8 identification snnmmﬂmu iﬂ in the o
channel control nmeans is responsive to.said 10 ntrol

s'gnal by providing in a slot of the transmt chanrfel strean1a renot e

ntrol nessage 12 addressed to the subscri ber statlon i dentified by said
rece

ve contral nd i ndi cati t ddr es

Cubebr bap EbE; Fama s " k=l e shadh 4R R e EFBFEedPer g o
receive t conpressed signals 16 derived fromthe
transnisgﬁggggbbﬁkgﬂ gﬁégged subscri ber 220 station occupies the
assigned slot in the recelve channel bit 18 stream 19. A system
according to Caim 18, wherein the subscriber 2 station further includes
means fofJpr oaegyigtent edsF@ing COHEPALHEE6 20fus fhé Pecdmprigefyyed _
transm-t channel “signal to cause transm ssions fromthe subscriber station
to be transmtted at tines indicated 6 by the renpte control nessage. 20.
A system according to Claim15, further conprising

2 receiver means for receiving a receive channel signal

and for processing the receive channel signal to provide a
4 receive channel bit stream containing separate compressed
signals in different respective repetitive seqguential slot

6 positions; _ _ o

a given plu:al number of separate signal synthesis means

8 each associated with a different slot position in the receive
channel bit stream for reconstructing digital signal samples

10 from separate compressed'signals contained in the associated _C)'

respective slot positions of the receive channel bit stream;

wherein the channel control means segregates the -
12 separate compressed signals from the receive channel bit
stream and distributes the segregated signals to the separate
14 synthesis means associated with the respective time slots

from which the signals are segregated; and
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2 (“neans for recé;;ing a recei ve channel sign& and for processing
the receive channel signal to provide a receive 4 channel bit stream
-containing separate conpressed signals in different ' r titive
sequent§ al slot positions; 6 a given plural r]'“ﬂﬂﬁmfnlmmlfﬁﬂre
signal synthesis means each associated with a differentc sliot mposit+on in

thef receive 8 channel bit streamfor reconstructing digital signal
sanpl es from separate conpressed signhals contained in the associated 10
respkft i ve - sl osepasiatieoreasnuersion seans fomarespective oonmeation viteer ei n
the control neans segregates the separate 12 conpressed signals fromthe
recei ve c‘#&ﬁhepﬁoi&ﬂi& rféd%ﬂl‘a'ﬂénﬁ%t$¢%m%°_l!‘r%f§i§§9 digitaligignal to the

-separate synthesis 14 nmeans, associated with the resgective time slots

frond bhi cFeMpdes Fieainfampaionn £iRle ntor ctransmission QYer ri®nver sion
Teconver: FRgERCHie SSHINAingE . BEEALR o8k b e 4PRTAEI s 1o

t ertr ¥ . : : t
20" 2 eoorebrBilreilh WO dd adddilated el BHE O CBRL Hodifrd Dol O ¢

means a”dgio%vﬁ‘e‘}‘?ﬁ% G dris aa_rfcf”‘i@rkﬁgﬂx‘?eeie& NEo %% comdfikond "GE ¢he N the

associ ated separate conversion neans;
22 trunk lines with the associated separate conversion means;

wherein the exchange means couple the fespective
24 separate reconversion means to indicated ones of the

separate synthesis means; and

. 26 wherein the remote-connection pfocessox means are
responsive to said incoming call request signal received

28 over said one trunk line by providing a slot assignment

C\

signal for indicating which one of the separate synthesis
30 means the exchange is to connect to the one of the separate
reconversion means connected to said one trunk line and
(/32 'thereby assigning to said one trunk line the slot in the
receive channel bit stream associated with the one of the
34 separate synthesis means that is so connected by the
exchange means, wherein the remote~-connection processor
"36 means maintains a memory of which slots in the receive

channel bit stream are:SO'assignéd and consults said memory
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wherein the exchange means coupl e the respective—%%——ésepaFa%e—Feeonversion
nmeans to indicated ones of the separate synthesis neans;

mhereKn t he renote-connection processor means a1ﬂﬂ’ ﬂﬂ lﬂ ﬂufald .
i ncom*ng call request signal received 28 over ne by A
provi ding a slot assignnent signal for indicating which one of “the Separate
sinthesis 30 nmeans t he exchange is to connect to the one of the separate

S B TRRONE Y FAA SR 138 B s a2, T

bit stream

assoct al geiaVilibe 1 o~ Qiutlh é&Paétaé] §YPi0€Shas I5AENL "Bl ghg) 50

e exchange nmea S er elrn e renote-connéctli on pr ceSsor 36

e ag\e ”HEBEaEQQé%ﬁﬂﬁHNd/éﬁxd“&dﬂhé%ﬁ&én'fbt§es§€€ﬁé¥£scﬁéﬂﬁ§| bit stream
are so assigned and consults said nenory 38 upon receipt of a sai d

I ncom ng agglole ifated Wit brid O PEloy | $E6ts Othde L€l hopr @asesghedatsai d sl ot
assi gnnment signal 40 for effecting a said connection to.a synthesis neans
assfzi at atothielr dirunk Yime sl ots that is not assigned to 42  another trunk
line. 21. A systen1accord|ng to daim 20,

18. A system according to Claim 17,

2 wherein the remote-channel connection processor means

further provides to the channel control means a receive slot v
4 control signal indicating an associ#tion between the

identified subscriber station and the slot in the receive
6 channel bit stream assigned to signals received from the

subscriber station identified by the received subécriber.

8 < identification signal; and

) ~
o/
wherein the channel control means is responsive to said
10 receive slot control signal by providing in a slot of the
transmit channel bit stream a remote control message W,

12 addressed to the subscriber station identified by said
receive slot control signal and indicating when the addressed

14 subscriber_station.is to transmit signals to the means for
receiving a repeive channel signal so that compressed signals

16 derived from the transmission from the addressed subscriber
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2 (~ wherein the réggte-channel connection processor neans further
provides to the channel control neans a receive slot 4 ~controf signal -
i ndi catiing an associ ati on between the identified ik ' and t he
s\ot i’ the receive 6 channel bit stream assi gnamﬂg"m!mm‘lﬂmgl ved
fromthe subscriber station identified by the recei*ved subseri *

i déntification signal; and wherein the channel control means is responsive
to said 10 receive slot control signal by providing in a slot of the 223
transmt cHeAthionppecupiesnthe assignednsiot dnsshecregeiveighasped dit: he
subscri ber station identified by said receive slot control. signal and
indiéﬁthnfﬁﬁﬁ#?the addressed 14 subscri ber station is to transmt

“signals to the nmeans for receiving a receive channel signal so that
conpressed signals 16 derived fromthe transm ssion fromthe addressed

iream 22%n S RYBEHOREROTatnE RpIRTHIR Oh, PnbRBsRIeER BubaRREsr” |
statign ngé;@go'nghygﬁérngﬁgiuaﬁg processi ng the renote control nessage in
anne

the 4 recelived transmt c signal to cause transm ssions from

means for processing the remote control message in the
4 received transmit channel signal to cause transmissions from

the subscriber station to be transmitted at times indicated

s 6 by the remote control message.
20. A system according to Claim'ls, further comprising
2 means for receiving a receive channel signal and for
‘KJ processing the receive channel signal to provide a receive
4 channel bit stream containing séparate'compressed signals in
different respective repetitive sequential slot positions:
(s 6 ‘a given plural number of separate signal synthesis means

each associated with a different slot-position in the receive
8 channel bit stream for reconstructing digital signal samples
from separate compressed signals contained in the associated

10 respective slot positions of the receive channel bit stream;
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t he subscriber station to be transmtted at ti by the
renote control nessage. 23. A systemfor proce a given plural nunber -
of 2 i nformati on signals received sinultaneou m u,,”a"'m” e conpany . |,
trunk lines for sinultaneous transm ssion, conp 'neparate s

copversian nmeans for respective connection to said trunk® i Aes* f or
cohverting the information signals 6 received over said trunk lines into

digital signal e I t h@@@ jrcuits,
each of which 8 |§ﬁ§s§$§ﬁ%3n%gog ﬁF?hgrgﬁgigPegﬁ%?§3fg freghgﬁ%y (RF)

chanpgl ansbnpxdsdéa WighalsCcErénsthe receive chanfell it Rtiredim an@er of
separate signal. conpression neans for sinultaneously conpressing the 12

digital sigistringpéssthesgegregatgddeignadsi ronthepsepasratecsynittidss
conversion nmeans to provide said 14 gi ven nunber of separate
conpléssedneang adssociated| witht the wespectiwecdtiioe wsdotise frompmdsisilon 16
means for sequentially combining the conpressed signals into a single
transmt cthereigndlssareanegregatedechans 18 - the respective

conpressed signals occupying a repetitive sequentlal slot position in the
transmt channel bit :
16 separate reconversion means for :espectivé_éonnection to
| each of said_trﬁnk lines for reconverting digital signal
18 samples to information signals for transmission over the
respective trunk lines, wherein each of the separate - \u)
20 reconversion means is associated with one of the separate

conversion means and is connected to a common one of the

22 trunk lines with the associated separate conversion means;’

wherein the exchange means couple the respective

- | “
24 . separate reconversion means to indicated ones of the
separate synthesis means; and .
26 ~ wherein the remote~connection processor means are !

responsive to said incoming call request signal. rece*ved
28 over said one trunk line by providing a slot assignment
signal for indicating which one of the separate synthesis
30 . means the exghange_is to ¢onnect_to the one of the separate

reconversion means connected to said one trunk line andé
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-slot inthe tra

20 (J stream associated with a predeterm ned ong:gL_Lhﬁ_SQQQLQLE_;_
conpressi on neans; 22 transmtter nmeans for providing a

tran-s[n't channel signal for transm ssion over the g”Mmen hWn 24
response to the transnit channel bit stream 225 g ﬂmﬂ m
coupling the respective separate 26 conversion means to'i ndi catetl ones of
t separ at e conpressi on neans; 28 renot e- connecti on processor mneans
for coupling to said,trunk lines,and responsi to an incom ng call request
sigRdl SCFRETeRY BEBLGNLRG te Bpid pre BEHRK| Line She,sdotiRg the| of

one of ¢ e SeVF hiBhET, bEE ﬂﬁir%%'aﬁé%??r@éhgfﬁﬁ%ﬁ?& f&  PRRSRE tbRannol
= Ci [ ' . t t
Conodr i I REEEE Rinthekfs RORTR ife 1h0AR"BoRBSsRaa B, 3BHLET ni ng 1o

sai d one gydilindé Gedfls, WHErpIfl EAECehbRISELhNERINRR prdceUsb and the

sn1t c |t.strean1aSSOC|ate the one of the 38
sepgt e Hedps hsiNtaiRaNE hEAbriSotOowheBResledsPY nl RBecxeRaI9@ MEANS,

wherein the renote-connection processor neans 40 mai ntai ns a nmenory of
whi ch sl otlsami€l sbitsstgeasl Ape sochRssfigned and consults said memory
38 upon receipt of a said incoming call request and then.
provides to the call processor a said slot assignment signal
40 for effecting a said connection to.a synthesis means

associated with one of the slots that is not assigned to

42 another trunk line,

21. A system according to Claim 20,

U 2 wherein the remote-channel connection processor means
further provides to the channel control means a receive slot
4 control signal indicating an association between the
identified subscriber station and the slot in the receive
Ky/ 6 channel bit stream assigned to signals received from the

subscriber station identified by the received subscriber

8 identification signal; and

wherein the channel control means is responsive to said

10 receive slot control signal by providing in a slot of the
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the plurality of the transmt channel circuits and consults 42 sai d
menory upon receipt of a said incomng call request and then provides a
said gl ot assignnent. signal that effects a 44 - wﬁl rlmﬂmlmuo a given
transimt channel circuit in which not all of thenm “m ssigned t
anpther trunk line 46 and to a conpression neans therei ! adsoCiated with
one of the slots that is not assigned to another trunk |ine; and 226 48

7 osponsi FFRPRl€ RaaRel BLE, nhRahe e, FOREER ABAEEP I BABARI e cxcnange

o

d

Systam aodgaindd 8 R i BRLEbEE BraR3ol BpehednI AR w0 0 o

%i ghsggg% e EOE é&&e&éengggaail ahgie&hh&&heqnﬁ.w U add¥deg¥y (O

request 1s 4 resse ereln the renote-connection

Pro§gssorgBrewitéf StatiSaPPBSt¥Ceiansait $48naNisdeo itdeniddrzAlfdrn Si gnal
by providing to the channel control neans in the given transmt 8 channel

circuit assdelivingnareepeioe thafifed 2ignanagy RBatdldompr@sddd & ignalyri t
slot control signal indicating an 10 associ ati on between the identified
sub3éri bederxiwed ofiremdthéctransmission from the addressed subscriber

station occupies the éssigned slot in the receive channel bit

18 stream.

3

22. A system according to Claim 21, wherein the subscriber s

2 station further includes
means for processing the remote control message in the

4 received transmit channel signal to cause transmissions from

the subscriber station to be transmitted at times indicated " :
6 by the remote control message.

23. A system for processing a given plural number of
2 information signals received simultaneously over telephone - \_)

company trunk lines for simultaneous transmission, comprising
4 separate conversion means for respective connection to

said trunk lines for converting the information signals

6 received over said trunk lines into digital signal samples;
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sl ot ié-the transmt J;;nnel bit stream assi gned in response 12 to said.
acconpanyi ng call request, and-a transmt channel control —signat—inadicating

an asiociation bet ween the 14 i dentified subscrigﬂ' | and the RF
channel assi gned to the given transmt channel cir mmmw ”Mresponse
to,16 said acconpanying call request; and 227 wher ed Nyl e |

cortrol neans are connected to the 18 r enot e- connecti on processor neans
and responsive to a said transmt slot control signal by providing in a

separate ZLOt 20 - of the transmt channel b!g strean1abrennte control
_2?2?6‘8333 e Sﬁsﬁ%&Eﬁ?i§%#§§ﬁé%23éi=§ﬁeéo§3%%&:i%§ o KaHoRE wpaey™ " !
Pond | P SRR ALV AL RELERS SlenthRBl S Ublbic ity Rl

i dentificatd (Wad® ofStAféh YRetulesei ved, and further indicating the RF
~channel assigned to the given transmt channel circuit assigned in 28

response to said call request. 25. A systemaccording to Caim24, further
conprising 2 a subscriber station including means for receiving and
procassi ng sai d renatgivent plhrads nambeanofs separatessignal.

compression means for simultaneously compressing the
12 digital signal samples respeétively derived from
separate ones of the conversion means to provide said

\/14 given number of separate compressed signals;

channel control means connected to the compression
16 means for sequentially combining the compressed signals
into a single transmit channel bit stream, with each of
hd 18 '~ the respective compressed signals occupying a repetitive
sequential slot position in the transmit channel bit
20 stream associated with a predetermined one of the

separate compression means; -

N\ |
22 : transmitter means for providing a transmit channel
signal for transmission over the given RF channel in
> 24 response to the transmit channel bit stream;
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4 -chgnnel signal to reconstruct the information: | fromthe
trunk line to which the RF channel and the slot of the transmt

6
channgl bit streamindicated in the renote control ﬂ dtoth
subsc?i ber station were 8 assi gned. 228 * ”!lmjﬂ Hﬂlﬂﬂﬂ,ﬁw *( b
26, A systemaccording to Caim25, further conprising . S *a

pﬂurality of receive channel circuits, each of which is paired with one of

the transmt ' LS, | ' ' di ff t
R e e R A

gi ven RF channe recei ver neans
forag ecepyhiedrad i'dit teWh e R AT HEEE onesfOF Bhecgepapatekhe receive
channel signal to provide a receive channel bit stream containing separate
conpr essegmpredd ior medidderent respective repetitive 10 - . sequenti al
sl ot positions; a given plural nunber of separate signal synthesis 12
means each associated with a different slot position in the receive channel
bit streamfor reconstructing 14 digital signal sanples from
sepazit e conpmeswxte-giapnection processor means for coupling to said

trunk lines and responsive to an incoming call request signal
30 received over one of said trunk lines by providing a slot

assignment signal indicating which transmit channel circuit

32 and which one of the separate compression means in the
indicated transmit channel circuit the exchange is to connect v/
34 to the one of the separate conversion means connected to said

one trunk line and thereby assigning to said one trunk line
36 the indicated transmit channel circuit and the slot in the

transmit channel bit stream associated with the one of the

38 separate compression means that is.so connected by the.
exchange means, wherein the remote~connection processor means ™~
40 maintains a memory of which slots are so assigned for each of
the.plurality of the transmit channel circuits and consults
42 said memory upon receipt of a said incoming call regquest and \;)

then provides a said slot assignment signal that effects a
44 said connection to a given transmit channel circuit in which
not all of the time slots'aie.assigned to another trunk line
46 and to a compression means thérein associated with one of the

slots that is_nof assigned to another trunk line; and
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contaided in the assoclat ed respective slot positions of 16 _ t he
receive channel bit stream channel control neans for segregating the
separﬂse 18 conpressed signals fromthe receive channel bit stream
and distributing the segregated signals to the s

M * 20 synthesi s neans associ at edﬂ"ﬂlﬁ"ﬁlﬂi’ﬁ"ﬂdl&iﬂll ve ti rreL

sléts fronlmhlch the signals are segregated; 22
reconversi on neans for respective connection to each of sald trunk i nes
for reconverting digital signal 24 sanples to information signals for

traﬁliihﬁ&S¥§il§§§ﬁé§sgg§ié§§r§ SRNeETea, 5% KB, & B Ror kR on
conmon Bnépg?@?%&@t'r"‘a%ﬁgf?hés?%@?%ﬁsh ye. %%l)% g bon 3! nvefti. on
Mealsy al f%eéﬁhﬂéhg th CQ@:‘&% %?ﬁ@l%éé"%ﬁee%s‘b?ﬂéh aifparate

n
~I’€COI’]V€I’SI O% means to I n ated ones O separate synthesi s neans;

and Whereiﬁaw&éansyesa@ane%toas%&m gl are 34 responsive to
said incom ng call request signal received over

24. A system according to Claim 23, wherein said call
2 request is accompanied by a subscriber identification signal

identifying a subscriber station to which the call request is
N addressed,

wherein the remote-connection processor means are

6 responsive to said subscriber identification signal by ‘
providing to the channel control means in the given transmit

oo 8 channel circuit assigned in response to said accompanying
call reguest a transmit slot control signal indicating an

10 association between the identified subscriber station and the
slot in the transmit channel bit stream assigned in response

12 to said accompanying call regquest, and a transmit channel
control signal indicating an association between the

14 identified subscriber station and the RF channel assigned to
the given transmit channel circuit assigned in respohse to

16 said accompanying call reguest; and

227
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: i
sai d o%e trunk Iine by providing a slot assignnent signal for 36
I ndi cating which receive channel circuit and which one of the. Separate
synthgsis means in the indicated received chann " e exchange
is to*connect to the one of the separate reconvx llm "m F"} {!ﬂect ed to -
sgid one trunk line and 40 thereby assigning to*safd onevtrsunk |ine t :

di cat ed 230 recei ve channel circuit and the slot in the receive

channel 42 &rfﬂéwﬁf%&%&i e ffif Bbe! UEnAEBREA' EookALNCS! o

neans that is so connec e exchange neans, wher

r enpy e- CoBRBEELABINRAATIO" mwlﬂ@wsaﬁanf@wneiv&msh sha}a in the

recel ve channel bit strean1are so assigned for 46 each of urality

of the T eeansmidhFIY dorttsl Ssi?é‘ldallqw%f&vﬁéiﬂg”EﬁDéYSﬂpﬂﬂaEECQD,BE of a
said incomng call 48 request and then provides to the call processor a

sai gip s| obfathieguyarismi ) icharmel piccestngam aardmetencohteolt messggecn 50
recei ve channel circuit in which not all of the tinme slots are assigned to *
anot her addmresised tandthvhisdbscriber esttationaidéntifiedshyt theannel circuit -
in which not all of the tine slots are assigned to another trunk line and

t o 22syntmegsmite Mkpterontrrl signakoandt tndirethingethbe shotsiots that is

not assigned to another trunk |ine.
containing the compressed speech data signal derived from the

24 speech signal received over the trunk line from which the
call request and accompanying subscriber identification
26 signal were received, and further indicating the RF charnel "

assigned to the given transmit channel circuit assigned in

28 response to said call reguest.

25. A system according to Claim 24, further comprising

2 a subscriber station including means for receiving and
proce;sing said remote control message and said transmit- .

4 channel signal to reconstruct thé.information_signal received
from the trunk line to which the RF channel and the slot of l,)

6 the transmit channel bit stream indicated in the remote
control message addressed to the subscriber station were

8 assigned.
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27. A -gysten1according'to Claim26, 2 mhereﬁn t he renot e- channel
connection processor neans further provides to the channel control neans in
the giyen 4 recei ve channel circuit assigned in g '
ateonpanyi ng call request a receive slot control sJﬂWﬂEﬁl‘mHljumh ng a

’ :

n
associ ation between the identified subscriber statieon andtthe ot* in the

redei ve channel bit stream 231 8 assigned to signals received fromthe

subscriber station identified by the recejived subscriber identification
signal, 1026.and system accOTding tooRIaim RASHn Further Komprisingsoci.ati on
between the identified subscriber station and 12 the RF channel assigned

to the given receive channel circuit in response to said acconpanying cal
sad rhoel ve si Bt PANRARIEE, B Kot U nanl (ST oo SE e (°
Lngnom | <RaTBR sl Y A B el TERNER KGR, ‘Bl e
the mohng THECH) 1" ARUARES WINRHIAR G U e TR e S
signal s deghyed fineddes transm ssion fromthe addressed subscriber’

6 ' ' receiver means for receiving a receive channel
signal and for processing the receive channel signal to
provide a receive channel bit stream containing separate
compressed signals in different respective repetitive

10 sequential slot positions;

a given plural number of'separate signal synthesis
12 means each associated with.a different slot position in
the receive channel bit stream for reconstructing
14 'digital signal samples from separate compiessed signals
contained in the-associated';espective.slot pésitions of

L 16 the receive channel bit stream:;
channel control means for segregating the separate

= .18 " compressed sigﬁals from the receive chahhel bit stream

and @istributing the segregated signals to the séparate
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22  station occupies the assigned slot in the receive channel bit stream
and further indicating the RF channel assigned to the 24 gl ven receive
chanﬁel circuit assigned in response to said cal system
~according to Caim27, wherein the subscriber 2 |Il1m"m$"|“m“‘m| i ncl udes
232 means for processing the renote control nessage tn ¥ne 4+« received
transmt channel signal to cause transm ssions fromthe subscriber station

to P transn gyddthisis Meang dssdciated With hehécrebpeceiiveotimgssage and
over the RF channel indicated by the renote control nessage. 29. A system
according to elate Zron which thepsignals ’are segregatedal ity of receive
channel circuits, each of which is paired with one of the transmt channel )
circuits, each of 4 which is assigned a different given RF channel, and b
each of which includes 6 ‘" receiver means for receiving a

recd2ve chann&epAIALe RARPHVArsionmeang for respeotivmagmanestimnl teo 8
provi de a receive channel bit Strean1containingaseparate conpressed signals ~

in di ffeP_éﬁ'P ods fackd RF Y ebingg efap reconvertingntigitaiogignaltions;

24 samples to information signais for transmission cvgr the

respective trunk lines, wherein each of the separate

26 reconversion means is associated with one of the separate
conversion meaﬁs in the paired transmit channel circuit and

28 is connected to a commdn ohe of the trunk lines with the W

associated separate conversion means;

30 wherein the exchange means couple the respective
separate reconversion means to indicated ones of the

32 separate synthesis means; and.

o/
wherein the remote~connection processor means are
34 responsive to said incoming call request signal received over
said one trunk line by providing a slot assignment signal for SN

36 indicating which receive channel circuit and which one of the
separate synthésis means in the indicated received channel |

38 circuit the exchange is to connect to the one of the separate
réconversion means connected to said one_trunk.line'and

40 thereby assigning to said one trunk line the indicated

230
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a given'plural nunber of separate signal synthﬁZLieé;;ve“‘ﬁ"ﬂggﬂs each
associated with a different slot position int channel bit stream

for reconstructing 14 digital signal sanples
corprdssed signals 233 * C L M S * ““\ \mmﬁ
associ ated respective slot positions of 16 ves channel bi t

str@xun channel control neans for segregating the separate 18

conpressed signals fromthe receive channel bit stream and distributing the
segr egat edrecghueschanned cdrsudite and the slodyiimdilie neneiyveshanneled
with the respective tine slots fromwhich the signals are segregated; 22
sepad® e rhibnEEreas, agserdated P&&&h%@%mfe&%mqmm symthasis r unk
1ines for reconvertin d| ital si sanpl.es to infornation si qgls

f or transn’?‘%é?ﬁntgﬁé Qﬂé’&q tbrYurﬁl‘% \aRGR MG AR S WheFe I

separgte 26 ﬁeconver5|on nmeans i s associated mith one of the s aféﬂéi

conve on ARAHE“FYIPRE <Sar BT FARRCE BoATn ALITHN 2 APy OF o
connect ed §9oReCIN Ve Vecllive Sl WS ddh ¥ WU AL AR 2 ©

conver si on nean
46 each of the plurality of the receive channel circuits and

consults said memory upon receipt of a said incoming call
48 request and then provides to the call processor a said slot

assignment éignal for effecting a said connection to a given-

50 receive channel circuit in which not all of the time slots
are assigned to another trunk line and which is paired with a
52 transmit channel circuit in which not all of the time slots
. are assigned to another trunk line and to a synthesis means
54 therein associated with one of the slots that is not assigned
) U to another trunk line.
27. A :system according to Claim 26,
L,/ 2 - wherein the remote-channel connection processor means

further provides to the channel contrcl means in the given
4 receive channel circuit assigned in response to said
accompanying call request a receive slot control signal
6 indicating an association between the identified subscriber

station and the slot in the receive channel bit stream
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30 f wher ein the(exchange means couple the—fééﬁee%eve—sepaeaee

reconversion neans to i ndicated ones of th separate s nt hesi s neans
and.gherein the renote-connection processor ri H"Iﬂj! Iu ﬂMSI ve to
said¥% ncom ng call request signal received over runk |ine™
by providing a slot assignnment signal for |nd|cat|ng mhlch receive

channel circuit and which one of the separate synthesis neans in the
i ndi cated recei ved channel, 38 circuit the exchange is to connect to the
one Bof taESigpafate PAgOAIE: FeneinathLrom the &phecTiber Hkatiomk |ine and

th b d trunk | t di cate h I
Circuit MEREREIEAOPY, fhenFacaide TikRrIbeR 1dentiticetionttsated wih
th f.th t I hat t d by th ?
exiwgﬂge"ﬂeaﬂi r3gR3vE Frdhdel Yondiel aiginindfe C‘%Eﬂgﬁr ibans

t t
rari"s?gﬁ;S BoE]aRILa betitesh V1l HdchiLA %fcﬁ*”*?e%%?%%e% Stief 4F80L1IS 2na -
consyil ts¢f 'irn%m DU AP e i ok 0D L CBAnABL gyggt and

provides to e call processor a sald s ot aSS|gnnent st gna

effectl nslnaraepéneen&ectsaqm st conparffiny cal ECPedesbANGd Circuit in
which not all of the tine slots

14 wherein the channel control means is responsive to said

receive slot.control signal by providing in a slot of the

15 transmit channel bit stream a remote control message /
addressed to the subscriber station identified by said

18 receive slot control signal and indicating when the addressed
subscriber station is to transmit signals to the means for

20 receiving a receive channel signal so that compressed signals
derived from the transmission from the addressed subscriber \J%

22 statiocn occupies the assigned slot in the receive charnnel bit
stream, and further indicating the RF channel assigned to the

24 given receive channel circuit assigned in response to. said
call request. o
28. 2 system according to Claim 27, wherein the subscriber

2 station further includes - . _ ¥
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are assigned to anothe; trunk line and which is_paifed with a 52 transnit
channel circuit in which not all of the tinme slots are assigned to anot her
trunk‘4ine and to a synthesis neans 54 thereigﬂi ' ' one of the
shets that is not assigned to another trunk Iind! ﬂﬂﬁﬂWi’ |"ﬂj bsten1
according to Claim?29, 2 wherei n the renot’e- chaknef connection
prdcessor neans further provides to the channel control neans in the given
4 receive channel circuit assigned in response to said acconpanyi ng cal
request a recePeans fiox Erocessing the remote ccontrohmessage ain cthéet ween
t he-identified subscriber station and the slot in the receive channel bit
stredin 8 regedvest trnansnif ghannekisignal &p (fruse transmissions ofrom
“identified by the received supscriber identifjcatjion signal,,K6 10 and a

n

recei ve chRfnSURSSRIRGT FtAtAon &R 28 HARFPLLEeR | 3t i bHres  iRdicated

i dentjfi i b tati d 12 the.RE ch I ' d,to th [
receibe oRtniBE KA GaPTRDAIRIFEE A1 SHED AR TP REReT cquest: and
14 i\gqaqé:%ér%g I%%rﬂ$&@§t%%t€$g[§%$§?§]§§ponS| ve to said receive

slot contfr providing i e 16 transmt channel bit
stream a renote control nessage

29. A system according to Claim 24, further compfising

o 2 a plurality of receive channel circuits, each of which
~ is paired with one of the transmit channel circuits, each of
4 which is assigned a different given RF channel, and each of
whiéh includes
6 receiver means for réceiving a receive channel
"ng = signal and for processihg the receive channel signal to
8 provide a receive channel bit stream-containing separate
compressed signals in different respective repetitive
10 sequential slot positions;
ij
a given plural number of separate siénal synthesis
12 ' means each associated with a different slot position in
v the receive channel bit stream for reconstructiné
14 - digital signal éamples from separate compressed signals
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addreésed_to t he subsefiber station identified by\§aid 18 receive sl ot

- control S|gnalrand i ndi cati ng when the addressed subscriber station is to
transgrit signals to the neans for 20 receivin i | signal '

so that conpressed signals derived fromthe traﬂslwnﬁﬂmnmlﬂmm addr essé‘d‘*‘

sybscriber 22  station occupies the assigned slot i the"reteiVe channel

bitt 236 stream and further indicating the RF channel assigned to the 24

gi ven recei ve_channel I QU t z§§¥5%§¥t' éﬁ%EEEi?t Sal st.

31. A system.ﬁ?&%ﬂ’gﬁ%ﬁg tclcgl Sﬂzﬁ ] ) er‘aeir#lé e su s-cﬂ‘zgr%gf{is'?ﬁafﬂgﬁ

further inclu or, | note control nessage in the 4
recé&g gﬁ?t C%@ﬁdﬁ cHa BIY §Hfedrk g

1Ved tran annel 'signal to cause transm ssions fromthe subscriber
station to be transmtted at times indicated 6 by the renote control

nessage and over the RF channel indicated by the renpte control nessage.
237 32. A digi icHame® st bimeanonpot ssegreghbeing sthei separate

18 compressed signals from the receive channel bit stream
and distributing the segregated signals to the separate
20 synthesis means associated with the respective time

slots from which the'signals are segregated;

22 .sepa:ate reconversion means for fespective connection to &~J
each of said trunk lines for reconvérting digital signal

24 samples to.information signals for transmission over the
respective trunk lines, wherein each of the separate

26 reconversion means is associated with one of the separate

conversion means in the paired transmit channel circuit and

\/
28 is connected to a common one of the trunk lines with the
associated separate conversion means;
30 wherein the exchange means couple the respective \_j

separate reconversion means to indicated ones of the

32 separate synthesis means; and

~ wherein the remote-connection processor means are

34 responsive to said incoming call reguest signal received over

234 .



! \

in comunication with tégephone lines and a pIuraIi€;~of subscri ber
stations for the sinmultaneous transm ssion of information signals aver
radi o frequency (RF) channels between the base station and each of said
pl™fali'ty of subscriber stations, conprising conver N | d base
station for respective connection to said tel ephon,eﬁ"ﬂllelMi[ﬂ”r"mlti ng
the anal og i nformation signals received fromsaid tel eghofie Finks into
digital signal sanples and for converting digital signals received from
sai d subs@disbrone Axxunk line byprovidingla slottassigimentnsignali for

t el ephone |ines; signal conpression neans connected to said conversion
nmeand6f or iRGifaing which repeive \ghannel ctrenittand swhich enepdEsthe
derived from said conversi on neans to grovide separate conpressed signals;

channel cAfRAFatR AP Lheste (B82RS 15 Bhe; ipdicated Eeceivedeehannel
tiall, onbi ni t d si | I nt [ I { it bit
Strodth { o RESHEE Ehe it ge LR - E5 ORI PE CpR CERe coRe B ke cRepaTATe
. O . Lt ot h 1 bit
ranom (P SeaciRLdol BEME oo PlEh' L8 ed g Ofe LAPRF LAy apd o000
subsqp! bererdrilihy e d ffn KPS BHi 81 6RE" LFARUDLAE LD BRAYESLegal d DasE
station and sal
receive channel circuit and the slot in the receive channel

42 bit stream associated with the one of the separate synthesis
. means that is so connected by the exchange means, wherein the
R"'/M remote-connection processor means maintains a memory of which

slots in the receive channel bit stream are so assigned for
46 each of the plurality of the receive channel circuiﬁs and
- " consults said memory upon receipt of a said incoming call
48 request and then provides to the call processor a said slot
W assignment signal for effecting a said connection to a given
50 receive channel circuit in which not all of the time slots
are assigned to another trunk line and which is paired with o
52 transmit channel circuit in which not all of the time slots
\_/ are assigned to another trunk line and to a synthesis means
54 therein associated with one of the slots that is not assigned

to another trunk line,
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subscdiber stations ouer the said radio frequency '(RF) channel s; and each

subscriber station operating in a half-duplex node within a tinme division
mul tipl e access frame wherein it transmts in one—pertien—eof—sardfrane and -

recefwves in another portion of said frane. 33. The system of o
wherein said base station operates full duplex cha”“ﬁ “ ’“!Iii mhdat es a

plurality of simultaneous signals on each channel nnel s
conprising separate receive and transmt channels, one of sai d frequencies
bei ng as3®PgneM system bBacording &o Cladm 29, M S * for transm ssion
to said subscriber stations and for reception fromsaid subscriber stations
when not trans- mtting, and the other of said channels being assigned to

t he subscriber_ stations for-transmissign to said base station and for

recdption froWPEERdNLEDE FEAOLET RGN0 CANMBRLAAR (RIPCEREOITIREANAT em of
ol o bR gﬁg"&ﬁs%’“ o GRS A e S, e
provd de rgge1§eméh hel uit %s%.@ne%ﬂ'vzenr Sraetslﬁjor}lsse to said
accompanying call request a receive slot control signal
6 indicating an association between the identified subscriber
station and the slot in the receive channel bit stream
8 assigned to signals received from the subscriber station
identified by the received subscriber identification signal,
10 and a receive channel control signal indicating an
association between the identified subscriber station and
12 the RF channel assigned to the given receive channel circuit

in response to said accompanying call request; and

14 _ wherein the channel control means is responsive to said
receive slot control signal by providing in a slot of the

16 transmit channel bit stream a remote control message
addressed to the subscriber station identified by said U

18 receive slot control signal and indicating when the addressed
subscriber station is to transmit signals to the means for

20 rece;v;ng a receive channel signal so that compressed signals
derived from the transmission from the addressed subscrlber

22 staticn occuples the assigned slot in the receive charnel bit
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on a single pair of 20 Khz channels. 35. The sysS;;1of cl aim 32 wherein
each subscriber station includes a three branch di ' et
conprising three nodens and a diversity conbiner circuit which gathers
Wehodul ated receive information fromthe denods of Jmumlmmw ‘nodens
and conbines the three streans to forma single sy [ 'misthen
passed to said channel control neans. ' EoRos

st:eam. and further indicating the RF channei assigned to the
24 given receive channel circuit assigned in response to said

call reguest.

31. A system according to Claim 30, wherein the subscriber

2 station further includes

means for processing the remoté control message in the
(U received transmit channel signal to cause transmissions from

the subscriber station to be transmitted at times indicated
6 Dby the reméte control message aﬂa over the RF channel

indicated by the remote control message.

i e s e . .
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32. A digital wireless system comprising a base station
in communication with telephone lines and a plurality
of subscriber stations for the simultaneous transmission
of information signals over radio frequency (RF) channels
between the base station and each of said'plurality of
subscriber stations, comprising

" conversion means at said base station for respective
connection to said telephone lines for converting the
analog information signals received from said telephone
lines into digital signal samples and for converting
digital signals received from said subscriber stations

c g

into analog signals for transmission to said telephone S
lines; : _ |

signal compfessioh'means connected to said conversion
means for simultaneously compressing separate digital
signal samples derived from said conversion means to
provide separate compressed signals;

channel control means connected to said signal
compression means for sequentiélly combining the

compressed signals into a single transmit bit stream for
each channel, with each of the respective compressed
signals occupying a repetitive sequential position in
the transmit bit stream;
transmitter and receiver means both at said base \,)

stations and at said subscriber stations for providing
direct communication between said base station and said
subscriber stations over the said radio frequency (RF)
channels; and

each subscriber station operating in a half-duplex
mode within a time division multiple access frame wherein
it transmits in one portion of said frame and receives
in another portion of said frame.
33. The system of claim 32 wherein said base station
operates full duplex channels and accommodates a plurality
of simultaneous signals on each channel, each of said
channels comprising separate receive and transmit channels,
one of said frequencies being assigned to the base station

o
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for transmission to said subscriber stations and for
reception from said subscribér stations when not trans-
mitting, and the other of said channels being assigned to
the subscriber stations for transmission to said base
station and for reception from said base station when

not transmitting.

34. The system of claim 32 wherein said compression
means provides voice digitization with a coding rate of
14.6 Kbps and is combined with 16-level DPSK modulation
to provide four simultaneous full-duplex conversations

on a single pair of 20 Khz channels.

35. The system of claim 32 wherein each subscriber
station includes a three branch diversity network
comprising three modems and a diversity combiner circuit
which gathers demodulated receive information from the
demods of each of the three modems and combines the three
streams to form a single symbol stream which is then
passed to said channel control means.
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