2174274 MODEM FOR TELEPHONE SYSTEMS The present invention generglly o
pertains to comunications systems and is particularly directe kaiJﬂhda _
and\gpdul ator and denodul ator constituent parts of a nodem for converti
a bit streaminto a phase nodul ated internediate frequency (I F) signal &
vice-versa, for use in an RF subscriber tel ephone system According to
invention, a nmultiple phase nodul gbgtm PoROFEY. bﬁékhog§s§§ﬁbenlponpr|5|“
the nodul ator, a nultiple phase dEﬂU%UfHTUPﬂmg;?FﬂUdEﬂTtﬁﬁ?TISIng t he

nodul at or and denodul ator are provided, as defined in clains 1, 11, 16 and

23 respectively. The nDﬂEé1pfeséﬁtpiﬁeéﬁtibﬂvgéhéﬁallQCbéﬂﬁﬁiﬁsnﬂgu'ator
section and a denndulatoraﬁectlon t lon 1S a s§sten1for

. The tragsmtter sec )
converting a bit SPTE&R{C é?g§nsgﬁﬁﬁm§ieﬁa ﬁﬁnB%FtbFui3€&¥s§FFSC PAsto a
defines a synbol ,modem an@hmedulatiorasnd aéﬁedﬂtdtatecbhﬁﬁﬂeaéﬁg( E}tsleﬂaﬁ
det ' f u o] [ ase. nodul at.e a
Symbol - digrtal | yipapmy £84 8kt Enlng bR} Oh e EERR PR:B"3" BrARE nOpRlaERE ] -
signal that, whenikbeyeediateofnequenryg(EFynaignploandevigenvdubali 6or use

signal of a nodul ghigh RFesuBSE¥ibLAt tb3epRBHE" 8FsplRUt a predetermi ned
frequency and devi ates therefromin accordance with the val ue of the .phase

nodul at ed synbol ; converts the filtered signal into
According to the invention, a multiple phase

A . modulator, a communications system comprising the
modulator, a multiple phase demodulator and a modem
comprising the modulator and demodulator are provided, as
defined in claims 1, 11, 16 and 23 respectively.

The modem of the present invention includes a
modulator section and a demodulator section. The
transmitter section is a system for converting a bit
.stream, wherein each given number of successive bits
defines a symbol, into a phase modulated intermediate
frequency (IF) signal at a predetefmined IF frequency.

The modulator section phase modulates each symbol}

digitally filters each phase modulated symbol to provide a

filtered signal that, when converted to an analog signal,

ptovides a modulation signal of a modulation frequency

&J that is centered about a predetermined frequency and

- deviates therefrom in accordance with the value of the

phase modulated symbol; converts the filtered signal into
an analog signal to provide the modulation signal; and
mixes the modulation signal with a steady-state signal at a



gl og signal to provide the nodul ation signal; and m xes the nodul ation
Wi th a steady-state signal at a predeterm ned frequency to

de\ a phase nodul ated I F signal that is a frequency nodulated (FM
a2l having an I F frequency that is a nodul ati on product of the

t on frequency and the predeterm ned frequency. 5 The

ddl/at opredetevminedt frequency ko providelenphase ineduhatiednFor
erting a received phase nodul ated I F signal to the bit stream from

whi ch the sdgBpiethphads nnémqwm%tqﬁaswd@nwatrﬂ@mmrbfm he
present i nventi on can_o erate in a0 transmt nmo a recel ve rmde in a

i me- mul ti FFETBANEYakl LFFe@eﬂﬂgqﬁﬁﬁ}Qﬂ RYPdpgt 9 Fﬂfrﬂﬂﬁy

operating in_the trans§1 %rp dtg:e m).deega duI ator section receives a
digital bi FAPFUEPEYsEPEa SfRﬁf b sl Mol and then converts

t he synbols into 15 a phase nodul ated I F S|gnal at a predetermned IF
frequency of 20.2 MHz. The nodul ated IF signal is transferred to an RF unit

for upgconversi gfea3dmbadla¥orS iyt Qb r péwe.roéJﬂF freqigncys Wen

operating in the recelve node, the nodemreceiver section receives a

phase nodugaheduhEtshgnelyshteamfy Roraaal May athréceﬂi}ai prkye filters and
‘down-converts the

modulated IF signal to the-bit stream from which the -

A

received phase modulated IF signal was derived.

- The Modem of the present invention can operate in a
10 transmit mode, a receive mode, in a time-multiplexed

transmit/receive mode or in a training mode.

When operating in the transmit mode, the modem
modulator section receives a digital binary bif'stream of
~up to four bits per symbol and then:converés.the symbols into
15 a phase modulated IF signal at a predétermined IF fregquency \;;
of 20.2 MBz;. The modulated IF signal is tranéfe:red to an RF
unit for up-conversion and transmission on the proper UEF o/

frequency.

When operating in the receive mode, the modem receiver
20 section receives a phase modulated IF signal from an RF

receiver unit. The modem filters and down-converts. the




~

- 2- received | F signal to baseband frequency and digitizes the sane into
a complex (1,Q sanple at a predeterm ned synbol rate of 16 Ksps: -

(Ki hosynbol s per second). A digital FIRfilter performs further filteri-i
and thé conplex sanples are 5 converted to a digital binary bit strea
The binary bit streamis then output to a baseband unit. The nodem further,
perfornms funglddivdd 1¥ X4 jcgoqy AN
link quality, aéa(}varl ous control tat us reﬁmﬁlgﬁhunc ons. B:h% -
At certain i njafievdlnto tahedimsiuRr NEY, d)eﬁ:qszféi dt & grielidti ¥ i TREE synibdali S

node, the nodem nodul at or and dermd' | at or sections are | ooped back through
the. RF unit irater deff 160 Rops N(RiTosimbulls Perr ssand)n FIRJiditn FaR
changes in the system (mainly the RF unit filters) that nay have 15

changed wi t h fiidiyesy Frenfomms dyesthed diliteyichpar tiid aorgilieon Sampl eet heie
environnent fluctuations. The FIRfilter of the denodul ator section trains
its coefPici @onyearded it & £igital thinany ibitesttamamons The drideryt ditkchi eve
t he best |nput signgl pgssible. During this |oopback, the nodem 20
transmtter té’%hp‘ﬁ-ﬂq"xé@tar haneRs "t known to the modem
denodul at or sect I on. The denodul ator section FIR filter adjusts (trains)
its coefficients according to the

i\) The modem further performs functions to provide for -
. symbol synchronization measurement of link quality, and

various control and status reporting functions.

10 At certain intervals, the modem may be placed in a
training mode. 1In this mode, the modem modulator and
demodulator sections are looped back through the RF unit in
order to train the demodulator section FIR filter for changes
in the system (mainly the RF unit filters) that may have

15 changed with temperature or age, adjoining channel

o attenua;ions, or other environment fluctuations. The FIR
filter of the demodulator section trains its coefficients to
counteract any filter imperfections in order to achieve the
best input signal possible. During this loopback, the modem

20 transmitter section puts out a fixed training pattern known
to the modéﬁ demodulator section. .The demodulator section

FIR filter adjusts (trains) its coefficients according to the




- 3- signal itself, delayed and advanced signals, and signals fromthe
adj acent ,bands. The nodem of the present invention is particularly useful
in a2 0-tel ephone system described in a copending 5 U S. Patent \o/
on entitled "Subscriber RF Tel ephone System for Providing Multiple
d g/ or Data Signals Sinultaneously Over Either a Single or a
Pl una of_. _ e - lda Raetal ﬁgﬁ% r - . didesh SNELNRN
'tsﬁ.giﬁ?gi%%%flefr'r'??le@’r%)égdi%{eﬁti%f t égéin%i en?ii%pdé?ésgcrél bed herein
I's i nter? acqgMad’ aderitaya@lascontrol unit. (CCU)- and RF units described in
sai d copending application, and the disclosure of said copendi ng ,
application that is pertinent to this specification is incorporated herein
by reference. 15 Addi tional features of the present- invention are
di scussed in rel atheomddent lef oo rpyE st cinveért porf s rpar ehdptardnt . BRI EF
DESCRI PTI ON OF THE DRAW NG Fi gures 1A and 1B in_conbi nati on show a b] ock

di agram 20 usedful s @ gfadicttelgtphine AYSten esexibediin R ¢PRRRGINT
i nvention. -4- . S, _
S U. S. Patent Application entitled "Subscriber RF Telephone

| System for Providing Multiple Speech and/or Data Signals
Simultaneously Over Either a Single or a Plurality of RF ~ J
Channel”, by Eric Paneth and Mark J. Handzel filed on even
date herewith. The preferred embodiment of the modem
10 described herein is interfaced with a channel control unit
(CCU) and RF units described in said copending application,
and the disclosure of said copending'application that is

pertinent to this specification is incorporated herein by'

reference..

15 Additional features of the present invention are
discussed in relation to the description of the preferred -/
embodiment.

BRIEF DESCRIPTION OF THE DRAWING

.Figures 1A and 1B in combination show a block diagram
20 of the preferred embodiment of the modem of the present

invention.




Figure 2 shows the signal constellation used i'n G ay coding the synbols
the bit stream Figure 3 is a.block diagramof the FIRdigital filter i
t he \wpdul at or section of the nodem 5 Figure 4 illustrates the
mul ti plte sanpl e inpul se response pattern of the FIR digital filter in
mpdul at or section of the nodem Figure 5 is a block diagramof the SI
| F generator in the denodul ator section of the nodem 10 Fi gure
shows the timng wavefornms of certain control, timng and data signals

involved in the gEfwdd 02 efowdCeR@ls 1 Q%Yf ary of
acronyns used in the Specification A nahﬂ Iﬁ#%ﬁfﬁg%?“@h(%Péﬁ

Anal og- t o- Dicpidialg @hw esymiole of\¥he bit streamitomatic Gain Control AM
Anpl i tude. Mbdulation BPSK Bi nary Phase Shift Keying Mddul ati on BS

Base Station

Figure 3 is a block diagram of the FIR digital filter

in the modulator section of the modem.

5 Figure 4 illustrates the multiple sample impulse . -
response pattern of the FIR digital filter in the

modulator section of the modem.

Figure 5 is a block diagram of the SIN/COS IF generator

in the demodulator section of the modem.

10 Figure 6 shows the timing waveforms of certain control,
timing and data signals involved in the operation of the

modem.



CCU .\ Channel Control Unit 10 DA Di gi tal -t o- Anal og
fivejter -dB Deci bel s DPSK - Differential Phase Shift

i g Modul ati on ECL Em tter-coupled Logic FCC Uni ted,
Federal Comruni cati ons Comm ssion 15 FI FO First-in

ut Menory FIR Finite-Duration Inpul se-Response filter Hz
L Y SEuBREpRE B Mk o, , (IS E T e e
se LsB - . Least Significant Bit Mz _ MegaHertz - 6-
MODEM Conbi ned Mbdul at or and Denodul at or OCXO Oven
Eﬁgg;gitfg gﬁgé%éé gsgfkgg%ﬁgyﬁ%dﬁfgplin!fhé%gygéﬁfyé%éggﬂ< Random Access
Menory RCC acronyM Rageerifeetosl Channel RELP Resi dual Excited
Li near Prediction |
A/D . Analog-to-DigitallCoﬂverter
'5 AGC. Automatic Gain Control
AM ~ Amplitude Modulatlon . )
BPSK _ Blnary Phase Shift Key1ng Modulatlon B | ‘FJ
BS Base Statlon
CCu Channel Control Unit
10 D/A _ Digital-to-Analog Converter
dB Decibels.
DPSK Differential Phase Shift Keying Modulatibn
ECL - Emitter-coupled Logic
FCC United States.Federal Commnnications Commission
15 FIFO First-in First;out Memory
FIR -Finite-Duration Impulse-Response filﬁer v
Hz Hertz (cycles per.second)
I In-phase A
IF Intermediate Freguency
20 KHz - KiloHertz
Ksps Kilosymbols per second
LSB Least Significant Bit
MHz MegaHertz




RF Radi o Frequency RFU Radi o Frequency Unit 10
Read- onl y. Menory RX . Receive STIMJ ~ System Timng Unit
SubstiQer Stati on TDVA Time Division Miultiple Access 15 TX
Transmt UHF U tra-H gh Frequency VCXO Vol t age

Controller Crystal Oscillator DESCRI PTI ON OF THE PREFERRED EMBCDI MENT A
preferred enmbqghggpt of 't he FRQISRLE B aEBrFilgHrﬁémﬁaulaéﬁrand 1B. The

nmodul at or section of the nodem essentially 1 ncludes a digital phase shift
keyi ng (DPSK) g@twyersi on reagvéi| GonEr®1Yed REM sl Ostifiateg node
switching unit 11, a finite-duration inpul se-response (FIR) digital filter
12, .a -7- dpgital -to-anal pgageaveréer (D/A) 13, a bandpass filter 14
having a center fréquency of 200 KHz, a m xer 15, and an RF anplifier 16
centered at 200BSKWHz. The decDwalditatwresPbasensShifthkeybognMedsdatiahl y

I ncludes a 5 nodel TMS32010 digital mcroprocessor 17, a FIFO (first
in-first Sut) RBAMick 18, an oRendemtAceegstMemosyverter. (A D)

RCC Radio Control Channel
RELP ' Residual Excited Linear Prediction
W, RF N Radio Fregquency . -
RFU Radio Frequency Unit
10 ROM Read-only Memory
RY Receive |
STIMU : System Timing_Unit
SUB | Subscriber Station
TDMA Time Division Multiple Access
15 TX Transmit
UHF Ultra-High Freguency
) VCXO Voltage Controller Crystal Oscillator
W,
. DESCRIPTION OF THE PREFERRED EMBODIMENT
\/

A preferred embodiment of the modem is shown in Figures

20 1A and 1B. The modulator section of the modem essentially
includes a digital phase shift keying (DPSK) conversion read

only meﬁory (ROM) 10, a t;aining mode switching unit 11, a

finite-duration impulse-response (FIR) digital filter 12, a



19, an anplifier 20, and a m xer 21. The mobdem further ‘i ncl udes several
ti.m ng=and control units that are essential to the nodul ati on and 10

I'anj on  functions perfornmed by the nodul ator section and the i
denpdeatr section respectively. These units include interface registers
dntrol unit 23, which includes a status register 24, a link Q
regi 45, i 6 & C b8y t I r gl She ncy T
R N T B I A e i L A
phase ) RN i@’ a 28enfeflUpfeghehly 682200 Kitk,’ a0miker 36, asal aql rRwMit
31 and a second fractional delay register 32. The nodemtimng and control
units furtheampifige 16 behiteredoatr 20.2nMHz34, a read/wite decoder 35,
20 atraining pattern FIFO (first in-first out) stack 36, a data |latch
37, an internal timng and control signal generator 38, a transmt clock
delay unit 39, a fractional tine delay generator 40, a VCXO interface _
unit 41, a sanpl eThg-demoduletoyecnechion af theOmgdemNessestdadlygdnciaces a
43, a 2K random access_nenory (RAM 44, a 2K ROM 45, a 4K ROM 46, a
buf fer/ &t erfRA®} TMS 32010 Axgital: RiFTORFPCE8SOThd TindeFIFS ddAR8tted to a

systen1t|n1r¥%£|i£s SEL sgack4?8, an analog-to-digital converter (A/D)

19, an amplifier 20, and a mixer 21. . -
| u
The modem further includes several timing and control
units that are essential to the modulation and
10 demodulation functions performed by the modulator section
and the demodulator section respectively. These units
include interface registers and bus control unit 23, which
inéludes a status register 24, a link Q register 25, an AGC
(automatic gain control) register 26, an RX frequency
158 register 27, a subscriber fractional delay register_(SUB) 28,
an in phase (I) register 29, -a quadrature phase (Q) (;i
register 30, control unit 31 and a second fractional delay
register 32. The modem timing and control units further -

include a buffer control unit_34,.a read/write decoder 35,
20 a training pattern FIFO (first in-first out) stack 36, a

data latch 37, an internal timiﬁg and control éignal

generator 38, a transmit clock delay unit 39, a fractional

time delay generator 40, a VCXO interface unit 41, a sample




The madem interfaces are shown in Figures 1A and 1B. The nodem recei ves
most of. its . inputs fromthe CCU Cher inputs are fromthe RF unit and t
t|n1hg'un|ts The nodeminputs are as follows: 10 ‘"To the nodem ffom
the charnel control unit (CCU): TX DATA (lines 50) A 4 bit synbol to '
transmtted by the nodem (4 bits for 16-ary PSK, 2 bits for QPSK, 1 bit\f

BPSK) MOD BUS (51) ' A bidirectional m cr.oprocessor bus that 15 .
provi des cont rinet genexatexr nd2; om €Q8/ETH Iﬁesmdeh gmrmo(:l Ale 82PK .
The control signal to latch MOD BUS into the nod MDD RD (line 53)

The control:ﬂﬁﬁﬂ9°ﬂcF?ﬁﬁs%ﬂU@M?EYa!%%"hnﬂ‘otﬂe?K|Bpﬂrﬁﬁtl8n45n89MNEEvBBS
for transm ssion he RESET_ (| 4 ontrol wll
reset the nod féFr}ﬁkifﬁﬂif??l?EPBS 7 a"abﬁ P%ngFgHQPtthdefine

di fferent address |ocations and | atched val ues inside the nodem TX SCS
(l'ine 56) Signal fromCCU to nodemto begin transmtting a TX slot.

The modem is connected to a system timing unit (STIMU)

5 49,

W, : The modem interfaces are shown in Figures 1A and .1B. -
The modem receives most of its inputs from the CCU. Other
inputs are from the RF unit and the timing units. The

moder inputs are as follows:
10 To the modem from the channel control unit (CCU):

TX DATA (lines 50) A 4 bit symbol to be transmitted by the
modem (4 bits for l6-ary PSK, 2 bits

for QPSK, 1 bit for BPSk)

_ MOD BUS (51) A bidirectional miéroprocessor bus that
15 provides control/status informaticn

to/from the modem.

MOD WR (line 52) The control signal to latch MOD BUS into

the modem.



10 RX SOS (line 57) + Signal fromCCU to nodemto begin receiving an

lot. .To the nodemfromthe RF unit (RFU): IF RX (line 58) | F receive

cy input fromthe RFU To the nodemfromthe systemtimng units \

N\ 15 80MHZ (line 59) 80 MHz ECL clock from'the base station or

. er STIMJs. Qutput of the XOin the -10- base station and VCXO in
ubscri ber station. 16KHZ (Iine 60) Master TX CLK used in base

station/f raeh Fd Mhire SSPVF (| ¢Re: éé}:troll\/ﬁi salsw gu@‘ mOGRRE st thiase
fromSTIMJ. Not used in the nodem buf forwarded to the CCU From

the nodemto the channel controan@nbthéECihfomatibin( bnt® #OD BUSAfby KHz
clock signal that provides the CCU 10 : with the
symbol transmit timng. Synbol sranemiébst&rdtontbet B€UnDdem with the rising
edge of this cl'ock. In the base station, all slots have the sane master TX
CLK. Thus all signals fromthe base station are 15

sent at-the sane tine. In the subscri ber,
MOD RESET (line 54) This CCU control will reset the modem.,

S MOD ADD (line 55) Control signal to define different
| 'éddresé locations and latched values - &1

inside the modem.

TX SOS (line 56) Signal from CCU to modem to begin

transmitting a TX slot.

10 RX SOS (line 57) Signal from CCU to modem to begin

[}]

'rgceiving an RX slot.
To the modem from the Rf unit (RFU):
IF RX (line.$8)' .IF receivg freguency input from the RFU. k)
To the modem from the éYStem timing units (STIMU):
.15 80MHZ (line 59) - 80 MHz ECL clock from the base station or

subscriber STIMUs. Ooutput of the X0 in the

-10-




B

the TX CLK is offset by the fractional range delay by the nodem on

I nfermati on, supplied by the CCU RX CLK (line 63) The 16 KHz clock is
dériwed fromthe 20 received signal. (Always in |,
subscri ber, only during control slot acquisition in base station.) Th|§
clock will clock out the received synbol to the CCU and provi de symbol :
timng to the CCU. 5 RX DATA nes, 64 The,f J cei v |, \ ¥
cl ocked by RX CLK. MOD BUS (50)£‘s t‘tif ¢ B4 ¥ *Saiﬁ Hheor FFE%EBFom

t he nodem MOD SOWF (line 61) dgﬁé §ged SOMF/ fromthe STIMJ to the 10
CCU in the base station. AM ST %% I'ne 65) High to lowtransition on this
line gives the CCU a rough frame marker during radio control channel (RCC)
acquisition in the subscriber unit. This is a one shot line 15

that will be pegkged(ige t0p RuddbeZ0rdetermhBed {hepaper sxakaba feeat i on
of the AM hole. Fromthe nodemto each RF unit (RFU):

STIMU,
5 SOMF (line 61) Master start of frame in base station from
W, STIMU. Not used in the modem, but forwarded
to the CCU. '

From the modem to the channel control unit (CCU):

TX CLK (line 62) A 16 KHz clock signal that provides the cCu

10 with the symbol transmit timing. Symbols
are clocked into the modem with the rising
edge of this clock. In the base station,
‘all slots have the same mastér TX CLK.
Thus 211 signals from the base station are

15 ' sent at the same time. In the subscriber,
the TX CLK is offset by the fractional
range delay by the modem on information

supplied by the CCU.

RX CLK (line 63) The 16 KHz clock is derived from the

20 ' received signal. (Always in subscriber,

=11~



-12- RF RX BUS (66) 8 bit bus between the nbdem and RF RX unit. This
' s AGC and frequency select information.to the RFU receiver
e nodem controls AGC values to be sent, and 5 o/
frequency selection information. The frequency sel ect
is fed to the nodem over the MOD BUS 50. During the training
demwi || control theofly Radfimy)womyrok|sldt eequisitiRm e BUS
(67) 8 it bus between the nodem and RFU trans- mtter section. This
bus conveys TX power |evel and fhasmatationdct Thimrekadkowibl (¢kock out
modul at or section. The nodem has nothing to do with these, thus the

i.nformation is 15 the receiwved fsymeliceP the (CRANd provide
transmtter section. RX 80MHZ REF ECL, 80 MHz reference clock to the
RFU (line 59a) recei ver famhh timdmpwey g CCU. o 80 Mz
reference clock to the RFU (line 59b) transmtter section. 20 TX

EN (line 68) Line to RFU transmtter section to enable RF transm ssion.

i 5 RX DATA (lines 64) The four bit received symbol, clocked by
RX CLK.
- W
MOD BUS (50) Status and data information from the
modem.

MOD SOMF (line 61) Forwarded SOMF/ from the STIMU to the

io . CCU. in the base station.

AM STROBE (line 65) High to low transition on this line gives
the CCU a rough frame marker during radio
_contfol channel (RCC)- acquisition in the
subscriber unit. This is a one shot liné;J
15 that will be pulsed when the RX TMS320
| determines the approximate location of -

the AM hole.

From the modem to each RF unit (RFU):

-12-




»
RX EN (line 69) Line to RFU receiver section to enable EP reception. AGC
WR (Iine 70) Wite strobe to_latch AGC data into RFU receiver section.. %

RXFREQ WR Wite strobe for frequency wites to (line 71)

RFU recgei ver section. RXFREQ RD Read strobe to read back receive
(lLine 71a) frequency from RFU receiver section. PAR WR (line 72)
Wite strobe to latch power information 10 into RFU"

transnitter SBEtREBUSWRESD (|iBebit)burchatweenhtheompdan andkRERE unit.
information from RFU transmtter section. TXFREQ RD - Read stiobe to
read back transnmit frequency (IThis7kus conveys; pGfH apd frefusprycpelect
section. 15 TXFREQ WR .. ite strobe freq cy wites to (1
75) - transmtter section?n¥g£mat1°PF ?thFiHgg7éfcel¥F5n§ﬁFF?é%‘ rHe

signal at |IF frequency to the REU, AGC R i_n 7 destyab r
back AGC data from mghem onQrgas iGZ Lal@gg t3' b8 Eeh@, qad

5 : forwérdé CCu ffequency selection information.
The frequenc§ select information is fed to
the modem over the MOD BUS 50. During the
( | training mode, the modem will cbntrql thé RF

RX frequehcy selection.

10 RF TX BUS (67) 8 bit bus between the modem and RFU trans-
mifter éection} This bus conveys TX power
level and frequency select information to the
modulaﬁor section. The modem has nothing

to do with these, thus the information is

15 only forwarded to the RFU transmitter section.
o/
RX 80MHZ REF ECL 80 MHz reference clock to the RFU
. (line 59a) receiver section.
o/ .
TX 80MHZ REF ECL 80 MHz reference clock to the RFU

(line 59Db) transmitter section.

20 TX EN (line 68) Line to RFU transmitter section to enable

RF transmission.

-13-~




RFU recei ver section. 5 Fromthe nodemto the éyst emtimng unit

( STEAO) ™ VCXO FDBK A 10-bit data bus to, VCXOw th control (line

78) information for frequency tracking. VCXO WR Wite

pul CXO circuit latching (line 79) VCXO BUS into the VCXO
nmodul at or section transmts the information fed to it on TX DATA

() by the CCU at 16-1evel PSK nodul ation. The nodemtransnits without
oW edge of the nodul ation level of the received information. The

i nput cont RY BN {ddngr #%ecoddne kn RFU kegrinen igectsion &0 @nakhle RF
register is to drive the 8 bit MDD BUS 50 between the nodem and t he CCU.
.Gontrol information regardi nFRPY&Reption of a slot becones active when

t he nodem recei ves the RX SOS signal on line 57 fromthe CCU. This line

interrupts the microprocessor 17 to begin denodul ation -15- on an ,
incom ng slai. trqls Q1S alalyME 2o 15 CelY 385 ' erslth d by the

nodem w thA@:{%W& (I::lhgﬁ gtr?zgl gqr#ﬁm%ne%FtE%ébeeA?A% ﬁlea'end Ao@edaa?ha sio ‘? the status
information is updated to th@ﬁ@qiegﬂv%g}géyigm.e CCU to read. 5 In
the subscriber station the CCU can comrand the nodemto acquire the RCC '

signal fromthe base station. The main

5 . RXFREQ WR Write strobe for frequency writes to -
(line 71) RFU receiver section. S
RXFREQ RD - . Read strobe to read back receive
(line 71a) frequency from RFU receiver section.

PWR WR (line 72) Write strobe to latch power information
10 into RFU transmitter section.
PWR RD (line 73) Read strobe to read back power. information
from RFU transmitter section. "
TXFREQ RD Read strobe to read back transmit freguency o/
(line 74) from RFU transmitter section.
15 TXFREQ WR Write strobe frequency writes to RFU

(line 75) transmitter section.

-14-~




acquisition feature of the RCCis the AM HOLE of 8 synmbols. In software,
the nmodem scans the frequency, sel ected by the CCU for the AM HOLE. .The .~ -
ni cngpr ocessor 17 scans the 10 frequency selected by the CCU for the AM
HOLE. [If an AMHOLE is present on this frequency, the m croprocessor 17-

will key inon it. After-the mcroprocessor 17 is sure of the AM HOLE ;2}?
presence, it will pulse the AM STROBE |line 65 low to_ihe CCU signjfyj t
thi ngs: (1) %Emﬁxtiii¢&19§?gnaTrPgsﬁ%ﬁﬁFﬁeﬁlgﬁaf %%dI%Z r?ﬂ%fn?geLﬁm*gchBE
is a rough start of frane markgé1 Fromthere, the CCU should begin to | ook
for the unique word in the RX Pa streamwithin a window of 0 to 3
synbol s. Once the unique word is detected, the subscriber station CCU can
adjust its frane.and slot counters to align themto the 20 base station's
systemfra [ agey bepuegn, rREECI 8¢aSERbmON

al | ows con%‘fa-?tﬁjéfé%egz)en&&ggl gg?ﬁgﬁngﬁg}%ﬁ% Fﬁ%}él s in t he RFU.

The CCU controls frequency sel getl pacandetospetdenlts commands to the
nodem The nodem forwards this information to the RFU over the RX RF BUS
66. This bus 66 is also used to control -AGC | evels in the RFU receiver
station. 5 These AGC val ues are updated each synbol tinme and conveyed to

the RFUg ecei ver Bxahi the MbdegCtontensyatemf timwing whbtn (SRIMVhare 1.
The

N\
VCXO FDBK A 10-bit data bus to VCXO with control
(line 78) information for fregquency tracking.
VCX0 WR Write pulse to VCXO circuit latching
(line 79) VCX0O BUS into the VCXO.

10 The modem modulator section transmits the information

fed to it on TX DATA lines 50 by the CCU at 16-level PSK

- modulation. The modem transmits without the knowledge of the

~ modulation level of the received information.

Y

The input control lines are decoded inside the modem to
15 select which register is to drive the 8 bit MOD BUS 50
between the modem and the CCU. Control information regarding
the reception of a slot becomes active when the modem
receives the RX SOS signal on line 57 from the CCU. This

line interrupts the microprocessor 17 to begin demodulation
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timng for the transmt interfaces are shown in Figure 6. These interfaces
are‘at a‘lowrate and thus require only 10 -standard TTL hardware
inperiaces. The nodem provides the CCU with the 16 KHz synbol clock. Foug,
bits are on a parallel bus to the nodul ator section. An eight bit
s provided for control/status information exchange. Control

i n{ o) Bt i 0Bni anf §dcominle sTRASM At it Celinld) QuEh RFy retwivel’ @e4ion

ace registers 23. © The contents of the registers beconme valid when
t he™sfrobe j§Xeh@bledoby the modenb@iith REREIREENsigmalmedeDine ®9i.fying to
begin transm ssion of a slot. The CCU provides the follow ng control
Jd.nformation to the nodem (1) idle node;- (2) transnit voice 20 - channel
(3) transmt control channel; (4) training node | oopback; (5) TX CLK
fractional synbdt gbeagnd ©f RRChXsioter the &tatasd imform@tirnt ddquency
sel ection. The RX frequency selectiqgn is stored in the RX frequency
regi ster 2updated to %I"i'@ cegisters @3 Sar itheeGAtda de@de RP TX unit from
the MOD BUS 50 to the RF TX BUS 67 via the buffer control unit 34. The
decoded addresses are fed to the RFU as wite strobes to latch in TX power

Bls 667 or AGC HBaaT s ek ke s BHBRERRE ¢y, MR SERRRER, sRls el

to acquire the RCC signal from the base station. .The main-

acquisition feature of the RCC is the AM HOLE of 8 symbols.
In software, the modem scans the frequéncy selected by the
CcCu for_the AM HOLE. The micréprocessor 17 scans the

10 freguenéy selected by the ccu for the_AM BOLE. If an AM HOLE
is presént on this.frequency, the microprocessor 17 will key
in on it. After the microprocessor 17 is sure of the AM HOLE
presence, it will pulse the AM STROBE line 65 low to the CCU
signifying two things:: (1) that the:RCC signal is.acquired

15 and (2) that the AM STROBE is a rough start of frame.marker.
From there, the CCU should begin to look for the uniqﬁe word \_/
in the RX data stream within a window of 0 to.3 symbols.
Once the unique word is detected, the subscriber station CCU /
can adjust its-frame.and slot counters to align thém to the

20 base station's system frame.

The interface between the modem and RFU receiver station

‘allows control of the freguency selection and AGC levels in
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frequency information fromthe register 27 to the RF units at the beginning
of each RX slot. This value is latched in the register 27 by the CCU.
Al'so. the nbodem can change the RX 10 frequency itself during the training
node with no need for the CCU to do so. The nodem nodul ator section is °

fyully inplenmented in hardware and requires no adjustnents. Synbols receive(
fromthe CCU on TX DATA lines 50 at a rate of 16K synbols per 15 second.
The recei vedtlsy 'RED S aThe pOCH ecantinbisefirequency DPskecbiorr andnferands and
their resultant waveforns are shaped by the FIRfilter 12 to provide good
i nt er f er enceitps oponnands ate the modem:  Fhei modemoforwards gERd§ di stortion.

The justification of'this.cqnceg% is made_on_the_assunption that 20 __ip
the near nei imfeormabion tautheyREUaveR the REQRE oBUK %'toT?hé Pug 66 1s

o st AT S SN e A s .
a .
(o ert 0 CRaedRcSfaiah MAE GEARSIE!Lidhhoab1 't he eha ilhbErea co

har moni cs gepgL ag ¢ P?!cé?@ef“ gitekohi ! tering and DY A conversion done at

baseband. The main filtering 1s done at baseband by a

N The CCU modem interface is shown iﬁ Figure 1. The .
timing for the transmit interfaces are shown in Figure 6.
These interfaces aré at a low rate and thus require only
10 standard TTL hardware interfaces. The modem provides the CCU
with the 16 KHz symbol clock. Four TX DATA bits are on a
parallel bus to the modulator section. An eight bit bus is
provided_for control/status information exchange. Control
information is fed to the modem by the CCU through
15 asynchronous'interface registers 23. The contents of the
registers become valid when the strobe TX SOS signal on line
56 is received by the modem, signifying to begin transmission
L of a slot. The CCU provides the following control
information to the modem: (1) idle mode; (2) transmit voice
20 channel; (3) transmit control channel; (4) training mode
loopback; (5) TX CLK fractional symbol delay; (6) RF TX power
level; and ]7) RF/TX fréquéncy selection. The RX freguency

selection is stored in the RX frequehcy register 27.
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I xedycoefficient digital FIRfilter 12. This filter 12 is a six pole
ttfh a sanpling rate of 50 sanples per synbol per synbol duration in
flter 12 in the nodul ator section. Since no analog filtering is \J
-do C pbaseband, there is 10 no need to inplenment two separate | and Q

chanmet’'s. In fact, the | and Q channels are inplenented in the FIRfilter
12. One tine-shapgd " |” I pleLes by
the I'F frequency, %pconvg‘rgtgs t tgﬁnté::% ")I&gtq}' \Mi?ugnnel lnrﬁlt Ekgﬁ‘

inherent|y gfuaMop2isds bor tbh%nb a@dr‘a? bus @awae%ne B%%f'exae@n(ergiﬁp' I ng

i s now staggered by one-half a sanple period, but this is corrected by the °

FIR filter $#3itG33) cofie deckded adardis@esalare@dea) thy thee RPBSKsCapYeesi on
ROM 10. This insures that if a synbol was received in error, the nost

li kel y probskirbbey it® llazcht iea X powerornd) TX dreqdetncyyibhdormatiohe by
only one bit. The signal constelfFation is shown in Figure 2. The phases
mar ked 8 Q' %The hBdemr mutsite h@PEK cand rERSK fs \thieo [RF RXs bast i66elfpr AGS- The
synbol s are taken to be GRAY coded phase synbols. Any phase synbol is then
converted t BPBREESY tPothef RER. GRATesedOrgnd thed awden ﬁn§wbrﬁ§r§xforn1of t he

| ast phase synbol to formthe DPS | Due to the FIRfilter orith '
everyp %equency information §r§% %e reé%ster 2% to the RP un1gs at m

the beginning;of each RX slot. This value is latched in the W,
register 27 by the CCU. _Also, the modem can change the RX.
10 fregquency itself during the training mode with no need for

the CCU to do so.

The modem modulator section is fully implemenfed in
hardware and requires no adjustments. Symbbls received from
the CCU on TX DATA lines 50 at a rate of.16K symbols per
15 ‘'second. The receivéd symbeocls are phase modulated by the DPSK
conversion ROM 10 and their resultant waveforms are shaped by )
the FIR filter 12 to_provide good interference properties and \/
not suffer amplitude or group delay distortion. The .
justification of this concept is made on the assumption that b
20 in the near neighborhood frequency band (within 50-100 KHz2)
to the band utilized there are no strong interfering signals
(power densities of 30-40 dB above the signal). The 200 KHz
bandpass filter 14 provides wide IF filtering (100 KHz) so

that the transmitted signal will not suffer amplitude or
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5 ot her synbol is inverted before input to the FIRfilter 12. Therefore,
t he DPSK conversion is done by the use of the ROM 10. Four synbol bits,

four’bits fromthe previous synbol and one bit for inversion control
i nput to the DPSK conversi on ROM 10, which outputs the DPSK synbol t
input 10 of the FIRfilter 12. After DPSK conversion, the synmbol ip/Shen -
provi ded-on_line the FLR filter ch is over,sa

Q.t X
FIRfilter$® r°?ﬁeaﬂiﬁyf?FF&P’fioanP&dggsg §g3F§fsaﬂa ﬁBytﬁP§@9§f§§e,
four-bit s ster 2 . . filter
12 serves ?bk&ﬁ&@gh g ?Pgndiggfgﬁ %q&w& lgphgggcg(ga Sggﬁffﬁgghgbﬁé LL T
speC|f|catbgg§bggdthe frequency channel, The sanpling rate of the ROM 81 is
determined by a timng signal provided on l'ine 84 fromthe tinming and
control signal generator 38 to a counter 85 20 connected to the ROM 81.
An input clock signal is provided on line 86 to two input switches 87, 88
whi ch enabl e datrhei natih filtetrifgsliisl Gohegiatt BaseBAnd8By a20- Referring
to Figure 4, each of the six synbols in the two shift registers 82, 83 are
sanpl e8l at faxedt-goeff £3£286nt @igitad KER) filltes dRer sThpsi fijltehel? $&eas

the sanples so that only two synbols are sanpled during any one 1/25 T
six pole filter with a sampling rate of 50 samples per symbol

h)

\ per symbol duration in the FIR filter 12 in the modulator -

section.

Since no analog filtering is done at baseband, there is
10 no need to iﬁplement two separate I and Q éhannels. In fact,
the I and Q channels are implemented in the FIR filter 12,
dne time-shared channel, including the mixer 15, which"
. multiplies by the IF frequency, upconverts this channel to
IF. This chahnel has inherently equal gains for the I and Q
15 samples. The . I and Q sampling is now staggered by one-half a

sample period, but this is corrected by the FIR filter 12,

Gray code is used for digital coding by the DPSK
conversion ROM 10. This insures that if a symbol was
received in error, the most likely probability is that the

20 error in a decoded symbol will be by only cne bit. The
signal constellation is shown in Figu:e 2. The phases marked

"Q" and "B" are the QPSK and BPSK symbols respectively.

- =19-
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5 sanpllng period.. Therefore, there are two synbols input to the ROM 81

duri ach 1/25 T sanpling period. Each 1/25 T sanpling period is in turn
di yi Jnto two parts: in phase (1) and quadrature (Q. During the first
ha| f the 1/25-T period, the registers 82, 83 input the 3 bit in-phase
10 pponent (1) .of the synbol and during the second half of the period,
th drature conponent (Q of the synbol is input to the ROM 81. Thus the

FIR filter output on line 89 is the tinme shared, digital | and Q waveforns
of the wavef or m tThécsymbolsi aredtakenstoshepGRAY acededcphapsevsgmbods.| i nes
89 to 15 the D/A converter 13 for conversion to an anal og waveform This
wavef orm i s AmerPhase $¥mbel incthendganvertedcto1biangy pfoymdégonnCRANe 91

to the mxer 15 for_u ersion to.,a 20 | F SI nal on line 92. The two
shift regi st&pde gand 8@&@#%% o?lPﬂEYsmwéot es{Abb| Bhpfieo SYRROROWVPS1

i‘éni‘eﬁﬁ‘éﬁ C cEar ke Ghok Fpadty aug oRRokn, 08, e1hEet) AESeFifbR.  pyesvi
or 3rd Ot{:t)pézlt %@ow i@%néegegl tsé?{?g% é&’@%%&hﬁzﬁ gaitggm&?a“e“t-

-21- stgnifircan el n unchange

conponent Chﬂk&ﬁeféréonﬁxé‘tbﬁskaéén%réiég is dbfie P éxké%&éedi th¥erom
I nputs fromthe count er .
10. Four symbol blts, four bits from the previous Symbol and
one bit for inversion control are input to the DPSK
conversion ROM 10, which outputs the DPSK symbol to the input

10 of the FIR filter 12.

After DPSK conversion, the symbol is then provided on

lines 80 to the FIR filter 12, ﬁhich is.a 6 tap, oversampled
FIR filter. The FIR filter 12 includes a ROM 81 and two
three-stage, four-bit shift registers 82, 83 as shown in

15 Figure 3. The FIR filter 12 serves to shape the transmitted
symbols in accordancé with the specifications of the \;)
frequency channel, The sampling rate of the ROM 81 is
determined by a timing signal provided on line 84 from the . /
timing and control signal generator 38 to a counter 85

20 ~connected to the ROM 81. An input clock signal is provided
on line 86 to two input switches 87, 88lwhich enable.data

input into-the:shift registers 82, 83.
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signify which of the 25 sanple periods is presently being 5 conput ed.
One additional input fromthe counter 85 is required ta tell the ROM 81 ;
whetler the 3 bit inputs are the | or Q conponents of the input synbols_fﬂ;glg—

The output signals stored in the transmtter FIRfilter ROM 81 are conputed”
to correct for any errors that may occur 10 due to the 1/50 T differekge
inthe |l and Qti ) F LLLieL el hg . t

val ues toget her tggfé?%ggﬁetéL??gé?gt?éné%# tég §3§e€3rn1 |ﬁ§£si?§ tHe
bandwi dth, i s | a4k ¥el ] ogpar-: t rggugn gesfd ilter
RON 81 proviﬁgg gﬁigSt%ﬁﬁgg#Lﬁg E?f g?g??glggg Efgssgn§1g¥tel§6e3§9§;? t he
rate of 800 Gz /NelknsyhorRigagvleshptshgdsthbfet BReWsRehé! sakpldst o
represent synbols with no transmtted power. These are used in the

trai ni ng nodehke bAPyt t@b simpolsecarensamphedFaRringt anylé@ne Thé28 RULLS can
al so be used to output the AM 20 HCOLES and guard bands that are required
on the rfadi osempliokg peaipd., (ROEyefoze, theTheabhAtwons¥mbelslinpaketo
digital inputs fromthe digital FIRfilter 12 and produces the required
spectrum at thet RBMe8lofuripg3saghy 1425 Ti ggmpding. perked. TRachahlpast

filter 14 passes_the 200 KHz ,spectrum w_th, ) .
sampling period is in turn divided into two parts: in phase

e

g_; (I) and quadrature (Q). During the first half of the 1/25-T
period, the registers 82, 83 input the 3 bit in-phase

10 component (I) of the symbol and during the second half of the
perioé, the quadrature component (Q) of the symbol is input
to the ROM 81. Thus the FIR filter output on line 89 is the
time shared, digital I and Q waveforms of the waveform to be
transmitted. These samples are then provided on lines 89 to

15 the D/A converter 13 for conversion to an analog waveform.

| This waveform is then filtered by the bandpass filter 14 and
provided on line 91 to the mixer 15 for upconversion to a 20

MHz IF signal on line 92.

The two shift registers 82, 83 shift two of the stored
20 symbols into the ROM 81 at a rate of 1/25 T for the reguired
computations. The symbols are converted to 3 bit I and Q
gray code components by choosing either the 4th or 3rd symbol

bit to the most significant bit (MSB) of the 3 bit component.
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extremely small variations in passband attenuation and group del ay.
gation ripple is less than 0.1 dB and delay variation is less than 1.5

m c. The aliasing spectruns are attenuated nore than 20 dB. The o’
dg signal out of the D/A converter 13 is 10 centered at 200 KHz with
a i it h of about 32 KHz. This signal is bandpass filtered by the band
p erthd ewboleastxsignificanmbvbitke (L5Bsd remaionanichanigedy 13T hilgz.

By\mul tiplying the 200 KHz waveform by 20 MHz, the m xer 15 mixes the | and
s wecohpohent| chahde Obs donpoatnasretel®f 1¥YBO M~ frequency. Thus,
the 20 MHz signal can directly multiply the output waveform and the exact
conmponent nultiplications will be handled automatically. Therefore, there
is no need for a discrete SINIF),/COS(IF) generation ircuit to gﬁltlply

-

the 1/Q sanpl'es Th8nRPHe2bra Beefs fﬁvﬁhé“ yts 4ZpBy 5P“§§€F| toThi s
al so renoves |solat|§ geegtgﬁougﬁ e mxer J15.from tg% band to the
out put of tﬁégﬁffgr 5¢ SBHP Srpgffgﬁﬁafgraﬂ?ﬁ 8&6@% an
ECL | evel ffe h f eg founteld? gOn line 94
fromtHe tlﬁl ggg coé é#éﬁgba&eggkgfbgggg ??hangtggﬁﬁ to a 350
m/ peak to F&l&ﬁ-éﬁ“%b ‘é@lihthé repdel wha%htes}eth@C@l BARC inpRle @ atledRde
provided on [I'ne 95 to
IorQ components-of the input symbols. _ . -
. ' o
The output signals stored in the transmitter FIR filter
.~ ROM 81 are computed to correct for any errors that may occur
10 due to the 1/50 T difference in the I and-Q time values.
Also the IF filter in the RFU adds the two values together to
form the correct transmitted waveform since its bandwidth is
. relatively small compared to the IF frequency. The FIR _
- filter ROM 81 provides an output of 10 bit digital samples on
15 line 89 at the rate of 800 KHz.
o/

NULL symbols can be injected into the FIR filter 12 to
represent symbols with no transmitted power. These are used /
in the training mode to input an "impulse" into the FIR
filter 12. These NULLS.caﬁ also be used to output the AM

20 - HOLES and guard bands that are required on the radio control

channel (RCC).
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m xer 15. Another voltage divider (not shown) provides +7.5 VDC bias for
the m xer 15. The mxer 15 is an MC1496 active mxer. It frequency
translates the I and Q conponent waveformfromline 91 into a 10 20. 20 [
MHz | F:signal which is provided on line 92 along with all the other m xer{"
pr.oducts. Third order internodul ati on products are down nore than 40 dB., ™)
The m xer 15 is opera

ited at a high leyel on the carrier inpu ort_and a
| ow | evel on the ﬁBﬂ%l%@%rﬁF%Yﬁﬁgfriﬁ%uf‘bﬁ?tglngSi_gﬁgﬂng%FEmsﬁPﬁrated
15 swi t chi ng, operatd f.1he rrier_dual differential_agplifier, an
| i near oper at %ﬁfzﬁéﬁnghﬁ%%fiﬁg ﬁ??f@?%ﬁ??ﬁf gﬁﬁlf??ﬂf??&B‘Bﬁ?EF@W b
IS provided gj X CAEr 0 L, bgfiht d out by a 20.20
VHz “cryst al ﬁ#eﬁ‘;ﬁstﬁg kﬁjf#hég%ug?%%%ﬁs(\%u%%'egségg gg?'to 20 provi de
a current of 2 mM\. -An emtter degeneration resistor of 470 ohns (not
shown) is provided to maintain the nodul ation signal input for |inear
operation at 1 volth@epiknapadéds £filtée K pavitési €helP00NRHEISPedtrad i €h
follower bu to isolate the mixer tuned circuit fromthe RF unit and provide
a 50 ohmsout pesttremelipnseall Tvariations cihhpaeébanfisattentatyonapndi §roep,

devi ce out put capacitance and the 5 capaci tance of an emtter foll ower
whi ch buffer Sdelay #q1i xkttenuvation ripple is less than 0.1 dB and delay

\J) variation is less than 1.5 microsec. The aliasing spectrums are

attenuated more than 20 dB.

The desired signal out of the D/A converter 13 is

10 centered at 200 KHz with a bandwidth of about 32 KHz. This
signal is bandpass filtered by the band pass filter 14 before
mixing to remove the signal components at nx133 KHz. By
multiplying the 200 KHz waveform by 20 MHz, the mixer 15
mixes the I and Q samples with the SIN and COS components of

15 the IF.freqﬁency. Thus, thelzb MHz signal can directly
multiply the output waveform and the exact component
multiplications will be handled automatically. Therefore,
there is no need for a discrete SIN(IF)/COS(IF) generation
circuit to multiply the 1I/Q samples from the D/A as is in the

20 demodulator section. This also removes isolation feedthrough in

the mixer 15 from the baseband to the output of the mixer 15.
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input, a parallel-tuned circuit-is used on the m xer output which can be

d” f}qr maxi num gain. The overall gain of the m xer nmust be 10 dB since
at 50 ohns is required at the output of the nodem A fixed inductQy
han a 10 vari abl e one may be used later in the m xer output tank
The. RF anplifier 16 anplifies the signal on line 92 fromthe

out\a 6f the mxer 15 _and provides the anplified signal to the RFU via
|F-TX line 76. %f@r-ﬁvﬁemesort Hélﬁo&a1 8FGPPEE APOFCL 18VBise 15

ZLE‘EL?ZbS‘? ds?a”’gg%%ﬁﬁ%#%%ﬂ?%giﬁx Sf# Ehe; Skvil”rﬁtgﬁfnaap¥5293r e&”sﬁgﬁesh
Sbscr i ber Sy 4 FrdBne teFusng BhY, BERERLIHILREL. BepRERYor I8 RS, 1 "
section of GneidtedUECES DS 3503hY0P RIER peak°RibAALAGRSA 23 fgkato be

too surpris when a burst cones in f on1the ase station. The 1dle node is
used waen tameraué Sléedl eoseitYator MFﬁmabrbeaabdoaa behen9t &bl tReOts are
used. The enpty slots are -25- ed wth the idle pattern. If a
frequency heixe™ ISnveksathen ebdblohge Gheidedul(aber shewh) oprownydbs +7.5

di sabl ed. Referring to the denodul ator section of the nndenl the m xer 21
presents a‘&fcﬂmsnﬁeﬂ: theamixer 216.the 20. 00 MHz, -

(v

The mixer 15 is an MC1496 active mixer. - It freguency

translates the I angd Q_compohent.waveform'from line 91 into a

10 20.20 MHz IF signal which is provided on line 92 along with
all the other mixer products. Third order intermodulation
products are down more than 40 dB. The mixer 15 is operated
at a high level on the carrier input port and a low level on
the modulating signal input port.  This results in saturated

15 switching operation of the carrier dual differential
amplifier, and linear operation of the modulating
differential amplifier. No carrier null is provided since
the carrier at 20.00 MHz will be filtered out by a 20.20 MHz
crystal filter in the RFU. The current sources are se£ to

20 provide a current of 2 mA. An emitter degéneration resistor
of 470 ohms (not shown) is provided to maintain the

‘modulation signal input for linear operation at 1 volt peak.
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5 -30 dBm signal received fromthe RFU on IF-RX line-58. The basic
function of the mixer 21'is to down-convert the IF signal fromthe RFW:t
baseband and also to anplify it. by 30 to 35 dB. A steéady-state sigpfal:efS
provided on line 22 at 20.00 MHz. The steady-state signal on line 29 is™

time 10 mul ti plexed SIN-COS/-SIN-COS signal fromthe COS/SIN IF
generator 43. A nodel MC 1496 actjyve mxer 21 is used with the |oca

oscill ator input '%‘P%Jr%ﬁ' Wh%‘?z& dnciudes an euitten foLlower by
baseband | s 4 rhaniAfs e mider Uhea wERFE| reon the R uafe pd <
rom the m RG0S, 39, Sheb HEREE, dndfinds, SERTELMIERE ?%’%%Hff%‘?%gg
Mnterace betnecn he LT L e oottt b tds PRI |

21. Theg bufdfpacitdndd &Ff Wi dasi e OfeM WK &meﬁaisuffaﬁﬁltﬁ@ wie® the
carrier input into saturated switching and also provides a +7.5 VDC bi as

for this inpfiput 2t parditel-tuiidd EIr@eierbs aisdd on EheWixdr Fowtpet 5.
The generator 43 includes ECL parts operating at four tinmes the tracked IF
frequency i whisdporae ke tuxed Har maximimggdinn The overall gain of the

U - mixer must be 10 dB since ~-10 d4Bm at 50 ohms is reqguired at
the output of the modem. A fixed inductor rather than a
10 variable one may be used later in the mixer output tank
ciiéuit. Thé RF amplifier 16 amplifies the signal on line 92
from the output of the mixer 15 and proviées the amplified

signal to the RFU via IF-TX line 76.

During the idle mode, the modulator section of a base
15 station modem transmits an idle pattern given to it by the
CCU. 1In the subscriber station, since the modem operates
‘half-duplex, the CCU places the modem in receive mode in all
slots except during the slot in which the subscriber station
itself is transmitting. This allows the demodulator section of
20 the subscriber station modem to ﬁonitdr AGC so as not to be
too sﬁrprised when a burst comes in from the base station.
The idle mode is used when there is a.frequency fbr which at

least one but not all slots are used. The empty slots are
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line 98 fromthe timng and control signal generator 38. 5 Referring to
Frgwe"9p, .two flip flops 99, 100 act as a divide by four counter with each
%, .out puts being 90 degrees out of phase. A 4x1 nultiplexer (MJX) 104/
between the SIN, COS, -SIN, -COS outputs. The output of the MIX
gcl ocked by another D flop 102 and output on line 103 to 10 t he
m Xe [ Hi1led wdtht theolddes patitermct IHOG dhagqendndmsidt bet ween
conponents. The single, tinme nultiplexed channel al so assures that
the | and Qcomveasationaati edlyi tthec miuleathor settion ey theridisableg am
for the denpdul ator section also is 15 shown in Figure 6. The nodem
provi.des the CCU with the four data bits and their 16 KHz synbol clock. The
address lines and an 8 bit bus provide status/control intercgggge bet ween

the two units. TReIsFRiPG &o rheydedndn katorysachion | % ok

th ] d ILi.fi it b i et el 25 dB Th i f] e

or oVl tioe. anTARSID A FECSEOtIoR DOLANN dRh WERARGS tahe FEO e 10
i th | ow it Ortiony 27 . T ter 49, which i 12

NI Ch g e e e

differentialy ARl ifineioh oF end Hibd@r dﬁt g d Yo ttﬂﬁm-conve’rt the IF

signal from the RFU to baseband and also to amplify it by 30

to 35 dB. A steadyfstate-signal'is_provided on line 22 at ~
20.00 MHz. The steady-~state signal on line 22 jis the time

10 multiplexed SIN/COS/fSIN(-COS signal from the COS/SIN IF
generator 43. A model MC 14396 acti&e mixer 21 is used with
the local oscillator input signal on_line 22 run at high
level and the modulated signal on line 58 run at a low level.
The mixer output on line 97 at baseband is differentially AC

15 coupled. to the amplifier 20, which is a differential
amplifier. A.highpass filter.is formea by capacito: coupling
from the mixer 21 and the input-tesistor of_thg_diffe:ential N

amplifier 20 and has a cutoff at approximately 1 Hz..

The buffer unit 48 provides interface between the ECL

20 level 20.00 MHz generator 43 and the mixer 21. The buffer
unit 48 provides a 350 mV peak to peak signal to drive the
car;ier input into saturated switching and also provides a

+7.5 VDC bias for this input.
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m croprocessor 17 to process. The sanple rate is four tines 5 per synbol
(64. KHz). During normal operation, digital processing is done by the TMS3<
m croprocessor 17. The microprocessor 17 operates at 20 MHz with 4K bytds.
of menory fromthe 4K ROM 46. The port address pins are used to addre g&z )

regi sters between 10 the denodul ator” section and the CCU or the spe
di versity conbiner circuit. The m croprocessor 17 receives the |/Q dat\a
fromthe mxer 21 at a sanpling rate of 64 KHz. The data is again tine

Itipl d f 2N I i s .d iln the 1 dyl at
Cection. The m cr OFoRESSaNT £95 BRRGraLax A% 1 shenp Amitdaniun | Fher
he. f ' 1 h t put h ieved gynb
bus ‘104 to {ndHaEs TR oF 5EIARRR FauBhsts Rb-ToniBe BE SRERRIRRRL N
RX DATA |i elsh | l, 20 | t 16
He rate. - optracRel IR, BeeSienoy 18 ZésrcheR Wha X2r SnbE G Bny

the 1/Q sanpl agnar ogpitzondthe bimddigShela €¥ntd1l REgRalcgene®atds 3B1e CCU
wWill read status while the 1/ Q sanpl'es are required for an externa

- di ver si tys conBefierrdngcttot Figage55, ewdl FllifpSifaops 99, cabacastand faudviides
are descri bed bel ow
by four counter with each of their outputs being 90 degrees
\_ out of phase. A 4x1 multiplexer (MUX) 101 switches betweén
the SIN, COS, -SIN, -COS outputs. The output of the MUX 101
is reclocked by another D flop 102 and output on line 103 to
10 the mixer 21. This circuit provides a perfect 90 degree phase
shift between the four components. The single, time

multiplexed channel also assures that the I and Q components

arrive with exact equal gains.

The timing diagram for the demodulator section also is

15 shown in Figure 6. The modem provides the CCU with the four
data bits and their 16 KHz symboi clock. The address lines
and an 8 bit bus provide status/control interchange between

the two units.

The amplifier 20 accepts the differential output from
20 the mixer and amplifies it be approximately 25 dB. The
amplifier 20 provides an AC-coupled +10 volt peak-to-peak

signzl to the A/D converter 19 with very low distortion.
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, ‘ﬁion at the base station is full duplex. Therefore the nodem
modqul &/l and denpdul at or sections are operating sinultaneously. Wen they
nodem & $0 10 is assigned to be the control frequency channel nodem it
nsmts and receives information with the radi o control channel

ormat during the allocated control slot period. |In the base

station, an OCXO |located in the systemtimng unit (STIMJ) 49 is fixed and

acts as the nastRé APD céhdektelr 105 snilctinis Bharf a2 biw A/mquency
deviations will occur on reception. Al transm ssions fromthe base station

{rodens ar ecoheekedrbyishasedster coverit the Kdgetmmghapeartiumef £ thee
fractional time delay generator 40 in the base station nodens 20 provi des
to the baséifferenti&llUampdifiest 26ndintoadigiftalhalaharifor tthe bet ween t he
master TX CLK signal on Iine 60 and the derived RX CLK signal_on line 63 in
t he nodemmiBrePracessari dd to proFessnt (The FampissFatrerisirfouyitinas
radi o -29- control channel so that the subscriber will delay its

transr® ssiBRFi FYBPALr (PAaKHZ)s signal is received at the base station
synchronous with all other slots. Al operations in the subscriber station
nmodem ar e ' ' - :

During normal operation, digital.processing is done by v
the TMS320 microprocessor 17. The microprocessor 17 operates

at 20 MHz with 4K bytes of memory from the 4K ROM 46. The

port address-pins.are~used.to_addresé-I/O registers between

10 the demodulator section and the CCU or the special diversity

‘combiner circuit.

The microprocessor 17 receives the I/Q data from the

mixer 21 at a sampling rate of 64 KHz. The data is again

time multiplexed over one freguency channel as is done in the
15 modulator section. The microprocessor 17 performs thg o/

filtering and demodulation of the wéveform; The

microprocessor 17 then 6utputs the received symbol over bus v
104 to the data latch 37 which prbvides the symbol to the CCU
over the RX DATA lines 64 with a pulse of the RX CLK signal

20 on line 63 at a 16 KHz rate.

~28~
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5 derived fromthe received clock (RX CLK) signal which is recovered 1
the received transnission by the timng and control signal generator 38 g
Thi s—serves as the master clock of the subscriber station. The TX CLK/ \
signal bn line 62 fromthe transmt clock.-delay circuit 39 to the CCU\s"
not a 10 master clock as in the base station. It is derived fromthe

CLK signal on line 63 and del ay eg§F t he transn1t clock delay circuit 39.
The duration of BRERIVEFa§tatus: é@& the, staths register @dyand

cl ook, SQ?Lygﬁéaif/éS“ebpﬁe o8 x8TRIReRA: reﬁe regix d'a-te?rﬁr%ce” Aabe & the aol Ly
I. h dj h '
et er mined ot RECH) 2Pance B Cat it iide 2 AR, SHHRU TS E*? 3@ @Fh:@es
dailhe

subscri ber T f h fyi I ﬁgﬂg
fractional gg?a§g uQ?Ud %sgsrggkgf%%%%% ?EQEIQ qﬁb en1through MDD B UST S

The nodgm i E&ﬁkiolﬂﬁ@&lﬂﬁkaﬁﬁie&%cﬁe@i(‘aﬂd‘)'I%'nc‘i:@.'o%ﬁé_ lalHeO @@ cirliBeld HRAGW.
clock delay circuit 39. The CCU accounts for the integer synmbol delay by

i nsertion of the TX SCS signal on line 56 to the nodem del ayed by the
correct nunmber of synbols. This -30- process aligns the signals arriving
at the base statThe berem s&ationomodem viperadige dfs alsisigniedcticb@r fixed

stations. :
W RF frequency. Communication at the base station is full -

duplex. Therefore the modem modulator and demodulator
sectiéns are bpetating simultaneously. When the modem also
10 is assigned to be the confrol frequehcy channel modem, it
only transmits and receives information with the radio
contfoi channel (RCC) format during the allocated control
slot ﬁeriod. " In the base station, an OCX0 located in the
s system timing unit (STIMU) 49 is fixed and acts as the master
15 .cloék of the system. Therefore, no frequency deviations will

occur on reception.

All transmissions from the base station modems are
clocked by the master TX CLK (16 KHz) signal on line 60. The
fractional time délay generator 40 in the base Station modems

20 .probides to the base station CCU the fractional part of the.
| symbol time bétweeﬁ'tﬂe master TX CLK signél on line 60 and
the derived RX CLR signal on line 63 in the modem. This

information is then sent tc the subscriber unit via the radio
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N TR T T s s e

Thér- are many sources of delay in the nndenfsysten1that have a pronounced
G pon the systemtimng. Such things 5 I ncl ude analog filter

ew the TX and RX franes from one another, and these skews nust be
to careful account. The delay paths fromthe nodul ator section to
controhitchasneli 50 that| thecsdubstuviberowdlli delajeitsest i nat ed
val ues. Tta TX anal og ‘del ay. = Approxi mately .55T. Ttr

Transi ti ortzrnspisgiopecinordes thatnits ahgnalapgr sereivedyat the bagse Tg
Propagation delay. |.2T max (one wa i. Tra RX anal og del ay.

Appr oxi matS3t Py mynghronous “#Fheaﬁ rPERernh&819%fel i ng of RX analog filter
out put before A/D conversion. Approximtely 0.03T. Tc Al D- conver si on
time. Approximately 0.22T. 20 ~Tfl,Tf2 RX FIR "wi ndow'. To receive a

e o e By Bge LAk 8V cBL b BRIHLL00 B hbadagg e
TVB pgocessd g el AYolCENECPeclPdba BREc MPRRUERK) - s4GRADXLARER! ¥s4- ST

recove:ed from the received transmission by the timing and
control signal generatbr 38, This se:#es as fhe master clock
of the subscribgr station. Thg TXICLK signal on iine.62_from
the transmit clock delay_cirépit.39 to the CCﬁ is not a

10 master clock as in the base station..llt is derived from the
RX CLK signal on line 63 and.delgyed by the traﬁsmit élock
delay circuit 39. The duratioﬁ of such delay is provided by
the subscriber station CCU, fractional delay (SUB) register
28 and retrieved therefrom by the fransmit clock delay

15 circuit 39. The subscriber station CCU receives the.delay
via the radio_control.channel.from.the base station CCU. The
delay is determined by the distance between base énd W’
subscriber stations. The subscriber station CCU feeds this
fractional time information to the frﬁctionai delay (SUB) v

20 register 28 in the modem through MOD BUS 50. The modem
itseif incorporates the fractionél delay through the transmit
clock delay circuit 39. Tﬁe CCU accouﬁts for the integer
symbol delay by insertion of ﬁhe_Tx 508 signal.on line 56 to

the modem delayed by the correct number of symbols. This

=30~

pr opagati on delays, FIRfilter 12 processing delays, etc. These U
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o
Tw TX waveform |l ength (6T). Tcrt Conmpensati on del ay between RX
and TX (Subscriber); .5 m ni mal for the farthest Subscriber g
maxinval for the nearest. SBn Near est Subscri ber. SBf Fart heg
Subscri'ber. The del ay between the TX SOS in the base station and 10 t he
fi.rst received anal og synbol "peak" at the base station is +7.4 synbols j

Therefore, there is kew het weegn TX and .Slots.. To correct!ly,decgde the
i ncomi ng ph®&PCGEHE ﬁ)’fﬁ‘m nﬁﬁ %gﬂ?ﬁf%a%f{%(b"%bﬁﬁtt&?"SbQ%bﬁngbEPo Eofhe
"peak" arrives...Lhe oy.e, t n and. t 15 begi nni ng
of RX sanpl i%ﬁ%%%’g%t{'g %’&/ér]r‘l%?'?%vngfeng h?%?égéeﬁa%‘éagf%?fbn, the start
otzthe RX sl ot occurs about ‘4 T after the start of the TX slot. The RX sl ot
start is defined-as the tinme the. first analog sanple is taken in order to

detect the first feek atdiahany sQ0RteE€bs delay in the ﬁ@déxﬂeéi-sééﬁsfﬁéper
station nodemw || start its TX slot 4 T before the start of the-RX slot of
the base st didven a JAronouncettnaf £2dErupow stie by stemyt iviny. t NSush athivgs
their TX slots. In the overall RF tel ephone subscriber system round

5 include analog filter delays, propagation delays, FIR filter

12 processing delays, etc. These delays skew the TX and RX
W, frames from one another, and these skews must be taken_intd

careful account.

The delay paths from the modulator section to the

10 ‘demodulator section are listed below along with their estimated

values.
Tta : TX analog delay. Approximately .55T.
Ttr Transition delay between TX and RX in RF unit.
Approximately 1.9T.
k//.ls Td Propagation delay. 1.2T max (one way).
O Tra RX analog delay. Approximately S5.77T.
Th Time during the sampling of RX analog filter
output before A/D conversion. Approximately 0.03T.
Tc A/D -conversion time. Approximately 0.22T.

20 Tfl1,Tf2 RX FIR "window". -To receive a peak at time t=0, the
filter must start sampling at t=-Tfl and continue

until Tfl approximately 3.5T, Tf2 approximately 3.25T.
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trip ansm ssi on del ays due to range can occur anywhere from5 0to 3
es in length. Therefore, in order that the received
& ions at a base station be synchronous, the subscriber station
must ble to shift its transmt clock signal 0 to 3 synbol tines
o the derived received clock (RX CLK). The tine delays are

Tnierpret ety tho ccisTRECERERIRE eIl KRRl BsARY Bnd B BueslE |

t he subscriber statio hEe?4dQr sip0 .del ay the TX'CLK. The fractional
delay is an 8 bit valﬁgﬁgﬂ?gﬁ ig &fitten in the fractional delay (SUB)

regi ster 28pyl nteger $xnQavedskay1bngthl Y6a9ntrolled by the CCU. The
strobe TX SCS signal on line 56 is génerated 0, 1 or 2 synbols del ayed
accordi ng tpecrgnge vatompensaeivaddblay beeweane X AndITX QsubiEriter) s
reception of any slot, the nodem perforns frequency synchroni zation by
acqui sistion and t hen sinimalefo20thet facithegt Subsdrdbexbsord renxistadt | fox
the VCXO is under direct control of the mcroprocessor 17 through a DA
converter in the VCXCthatneaxnest4l. The nicroprocessor 17 -33- frequency
acqui sition and tracking algorithnms conpute the changes in the VCXO
necessary't%Bﬂaintain"%?ﬁ%ﬁgoﬁP?ﬁFF&PFrDuring t-he recei pt of any slot, the

nlcroproces§g£ 17 Farthest Subscriber. - ) = W

The delay between the TX SOS in the base station and
10 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 the "peak"
arrives. Therefore, the skew between TX SOS/ and the

15 beginning of RX sampling is about 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
W/
is defined as the time the first analog sample is taken in

order to detect the first "peak" that is received.

20 The farthest subscriber station modem will start its TX

slot 4 T before the start of the RX slot of the base station

. =32~



al so perforns bit synchronization on the bit sync pattérn of 5 the
received data stream An algorithmperforns a bit tracking loop.. Z
m croprocessor 17 has control over a. variable frequency divider of the,
MHz VCXO or OCXO (only during control slot denodul ation). Inside ¢f theljs
tracking |l oop, the mcroprocessor 17 nodifies the frequency 10 dj vi sigh’
I n order to gbtain bit.synchroni zation. i,ng the reception of awoetce
channel , t he®8A8Rsi oFtH: @é‘q?zf\fé §T&H %YzDie]tﬁ%' (F.q‘f%%"r‘ % ‘F£Izth§iﬁ ;iring
a control sl thle values may change nore drastically, as nmuch as +/- 50%
Frame synchroni zation is handled in conpletely different 15 ways in the
base station and the subscriber stations. In the base station, a naster
SOVF- (start of nodemfrane) signal is forwarded on line 61 to the CCU via
‘the nodem This i gnt ReMeiedalIONF YedePhonetd iiicrdterd rﬁﬁ&éﬁ!ﬂ{hx{d om

t he base station. Fromthis and-the master system synbol clock signal 20
(16 KHz) on krdp &fanishd sEGdrnCc deldsis Guedlto Yadigedthr lctBur idfiywhere3¥rom
In the subscriber station during initial acquisition, the mcroprocessor 17
sear chesd f or 0t ke AVshiobel times ROClenigthhe ANeh@fiories dat exide: thHat the

m croprocessor 17 will count it for -a few frames and then cause the timng
and control received communications at a base station be synchronous, the

\ subscriber station must be able to shift its transmit clock
signal 0 to.3 symbol times relative to the derived received
clock (RX CLK). The time delays are computed in the base

10 station and sent over the_control channel, and interpreted by
the CCU. The CCU then provides fractional delay constants to
the subscriber station modem in order to delay the TX CLK.
The fractional delay is an 8 bit value which is written in
the fractional delay (SUB) register 28. Integer symbol delay

15 is controlled by the CCU. The strobe TX SOS signal on line
56 is generated 0, 1 or 2 symbols delayed according to range

values received from the base station.

During the reception of any slot, the modem-performé
frequency synchronization by acquisition and then continues
20 tracking. In the subscriber station, the VCXO is under
direct control of the microprocessor 17 through a D/A

converter in the VCXO interface 41. The microprocessor 17
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5 generator 38 to provide the AM STROBE/ marker on line 65 to the CCU at
‘Name.| ocation of the AM HOLE. The CCU uses this. strobe marker to set
up/t njaw al franme marker counters (w ndow ng) that can be nodified by CCU \J/
sof tivg e, for exact- frame sync. This also signifies that the AM HOLE was 10
€dl and the RCC is acquired. Slot synchronization is under the control

of \ & CLCU. i I 1lRe i r

CONMKR® to ‘Pﬁ%ﬁsﬁ‘%}ﬁd’ ﬁ-%‘ %ﬁ@g@%@&:’%%%f%%ﬁ € é_q%eﬁsffn%si on
or receptio Sl:Q1 . [ _ £§{E b A R ity CLK
signal on | :&r?%gl(?%s;nig,t &E&Q@oﬁ | neé%g{'feéépe%?%e y. Oﬁ*e. er‘Ben%%I%irr%;?j(hl at or
section operates in either an off-line or an on-line node according to bit
7 of the RX conttol word in the control word register 31. To switch the 20
denodul at or sect iput ifigoehe ardtsitpt Cof hanpt §k6t, tEive GlltseprscddSORESET,
wites the required command in the RX control word register 31 via the MOD
BUS 50, and alfsen péirfairimss INGD dsifitfironization 3n the |bit heywd fpa & termoif,
the external nmenory on the mcroprocessor is provided by 2K words fromthe
ROM andS2K wdved s efqedviedh dlarymy s thiearcCy Annedgersi the pm%wus) &R this

tracking loop.. The microprocessor 17 has control over a

variable frequency divider. of the 80 MHz VCX0 or OCXO (only W,
during control slot demodulation). Inside of the bit
tracking loop,. the microprocessor 17 modifies the frequency

10 division in order to obtain bit synchronizatioq.. During the _
reception of a voice channel, the division values have step
sizes of 0.1% of 16 KHz, but during a control slot the values

may change more drastically, as much as +/- 50%.

Frame synchronization is handled in completely different

15 ways in the base station and the subscriber stations. In the
base station, a master SOMF (start of modem frame) signal is !
forwarded on line 61 to the CCU via the modem. This is the \
master SOMF -signal useé for all transmission from the base -

station..- From this and-the master system symbol clock signal

20 {16 KHz) on line 60, the CCU can derive-all slot and frame

timing.
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node after power up and once every predeterm ned nunber of 5 hours, whi|

the modemi s not transmtting or receiving, in order to execute self-te
ahd\trai ning routines. The self-test routine tests the ROW 45, 46, th
interndl RAM and the external RAM 44 and the interface to the CCU.  Itf \[y
sends the test results to the CCU through the status 10 regi ster 24.\ The
training routine_includes _sending a trainiq? sjignal to, the denpdul ator .
section and cal cdmathey suhscidier Stationduning fpitiakracgwisitionn t he

' 17. 1t is d ff-1i det I ned nber of _h :
Whi e the miREnRESToRIORRRYE It fmé%%ﬁe“ﬁ?f?ﬁ%&e&% ”%:iﬁa {y ntr}%,eé’% i ne
de, th ' ' ' ither the control ¢ ne r_a voice
ot . accor Qg e hECKE S Ahe<r PG TP e TR bl Gk SR EL o1
3L The 0N 4ingo30lLl YRk (PLhidl Ghd WP dAild L Liniy aif contsl
initialization routine is performed by the mcroprocess at” power up or

after agresgensratdr 38 tF Preidide WHeS AP ETREBE LMY PN ¢9€bi N

the register 31 and calls other routines according to the control 5  word.
Thi's routi nehiesCett atatthe \frand NHoGERiGe W tHe AWIDDE,  The CCU 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

10 detected and the RCC is acquired.

Slot synchronization is under the control of the CCU.
The signals TX SOS on line 56 and RX SOS on line 57 are
commands to the timing and control generator 38 to begin the
transmission or receptioﬁ of a slot. These signals are’
15 synchronized to the TX CLK signal on line 62 and RX CLK on

line 63 respectively.

The modem demodulator section operates in either an
off-line or an on-line mode according to bit 7 of the RX
control word in the control word register 31. To switch the

20 demodulator section from one mode to the other, the CCU sends
MOD RESET, writes the regquired command in the RX control word
register -31 via the MOD BUS 50, and thén disables MOD RESET

signal.
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MOD RESET signal on line 54 and a command over the MD BUS 50 to the

copty.ol

register 31 to enter the on-line node. This routine executes a .
Nm test on an on-line PROV 10 initializes paraneters, reads the \J
word register 31 and branches to the appropriate routine. A
“y acquisition routine is run in the subscriber station nodem only,
éceiving the control channel, in order -to synchronize the subscriber

station VCXO frequency to 15 the base station crystal frequency. Since

the transmit, rageine opehifnd RONENCERR @xktedRhlYRlnbEgTbhNENYXO in the

subscriber station or the OCXO'in the base station, thisS w

“cause all the

frequenci qgi droprosedsdy olé Zsfoviaed bQURKNRor@sUEeemi EhehromMuanar i2iker
station nmodem 20 only. It is activated by a command fromthe CCU while
t he denbdutaitds femrh i €tive i RAMet - Bhet O€Uccommahdehshechofiemqienentelt this
function is to synchronize the VCXO frequency to that of -37- t he OCXO
in the baseode aafter powexioep ahdsohgef everyl pukdegetminefiennmbiesl efwhi ch

is a snmall

period of time during which there is no transm ssion fromthe

base &t at ikpnrsy twhile the podemeist aptokransnittingaar Fe66AVANEd darrier

si gnal .

anot her siFEE&RER FXETH

10

15

Wien receiving this waveformpmthe | F m xer qQutput will be
oot bEstentyand FaiBipFoRantinebne

. _ ] <
The self-test routine.tests the ROMs 45, 46, the
internal RAM and the external RAM 44 and the interface io the
CCU. It sends the test results to the CCU thrbugh the status
register 24,
The training routine includes sending a training signal
to the demodulator section and calculating the coefficients of
the FIR filter embodied in the microprocessor 17. It is done
off-line every predetermined number of hours, while the modem i
is not transmitting or receiving data. N
o

In the on-line mode, the modem receives signals from

either the control channel or a voice slot, according to the

RX section control word in the control word register 31. The

on-line software executes the following routines.
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di fference between the VCXO and the base station crysté&l oscillator .
frequency. The nodem software sanples the | and Q channels at certain
ilnterval s and perform a phased | ocked 10 | oop function, i.e., deter
t he phase change for each interval, put it through a | ow pass filter,
send it as a correction word to the VCXO. The npdem det erm nes t hat
frequency acquisition is, achieved when the phase change becones | ower t
a certain level . Mp dpdtigldzpsion xoutige i&eP@EFEHWGGrPWgﬁ&etertaln
period of ti send an _error ssage to the ,CCU |q?|cating

th?} éhg reﬁﬁfsﬁ?pFSTﬁEF°Fuﬁkd‘FOFPHEI c R PEI A& k&En A ’efﬁ sdgnate ’
cal el by {heebBLLeRl T ZAhL AN RRNHC AU S RRd" ARt Bt il the
was achi evedy 8§1§9Er Weanaakheq sPyehiae %Bhkh%%‘Z%Eh@?dlﬁgtkgﬁtEEF ntral

frequency acqulfsition routine sanples the anne ooklng

AM hol e and gbrghe sanme tine perfornms an ACGC Ioop If -38- t he AM hoIe
is not detected during a predeterm ned nunber of sanples, this routine
conveys this information to the CCU via the status register 24. The CCU
then will switch to another possible RCC frequency and reactivate the
frequency 5 acq¥hést rontivet iseactivated when the CCU sends the modem a-

A MOD RESET signal on line 54 and a command over the MOD BUS ‘50
to the control register 31 to enter the on-line mode. This
routine executes a checksum test on an on~line PROM,

10 initializes parameters, reads the control word register 31

and branches to the appropriéte'routine.'

A frequency acquisition routine is run in the subscriber
station mo@em only, when receiving the control channel, in
order to synchronize the subscriber station VCXO frequency to

15 . the base station crystal frequency. Since the transmit,
receive and IF frequencies are derived from the VCXO in the
subscriber station or the OCXO in the base station, this will

cause all the frequencies to be synchronized. '
This routine is used in the subscriber station modem
20 only. It is activated by a command from the CCU while the

demodulator section is set at the control channel freguency.

Its function is to svnchronize the VCXO frequency to that of
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After detecting the AM hole this routine provides a phRase | ocked | oop for

t he~tj.me .during which an unnodul ated carrier is transmtted. In this |oop,
| 4 ‘sanpl es are taken and the phase angle of the sanpled signal is 10/
cial gl -ed. The calculated angle is subtracted fromthe previous phase and

It is lowpass filtered and sent as a control word to the VCXO ACC

0 Jcakpgl 15fiw' Re base FtatdTd the @w%mw t ﬂ%om?gend

pecifie uration if the phase viations dre less than a

! rm pe¢ &KRUAM Hole Whddhe id aC&malll peridi® of aAliife /AN B¢ wircnd
if the deviations are still larger than this amount a "2" is placed in the
Status regtheee 34 nbntransmiisisdonc fyom tthe fbasp estat sormui Aften that i ne
may be 20 reactivated for nore than one slot. A bit synchronization
routine i sthenbasebsthatibs sresemite ant atimodwiatdhsmamstizy igmalns, when
receiving -39- the RCC and after conpleting the frequency acquisition
routi re. Whephresgiydngh&his wavefommidiie iIE wmixgruouiput peilk&Rpto -
synchroni ze the 16 KHz %ynbgl clock to the base station transmssion. In
the base sfRPEBRINSdES Wevedormyhese (fyegienay N BRERITIHIMLItUNE to

be |ncorpoag%%grggc%h%etween the VCXO and the base station crystal

oscillator frequency. .The modem software samples the I and Q o
channels at certain intervals and perform a phased locked.
10 loop function, i.e., determines the phase change for each

interval, put it th:pugh'a.iow-pass filter, and send it as a
correction word to the VCXO. The modem determines that |
frequency acquisition is achieved when the phase change
becomes lower than a certain level. If the AM hole is not

- 15 Qetected during a certain period of time, the module will -
send an error message to the CCU indicating that the receiver

- is not tuned to the control channel.

The routine is called by the initialization routine and
sends a3 status word from the status register 24 to the CCU

20 indicating whether freguency acguisition was achieved or not.
When called by the initialization routine the freguency
acgquisition routine samples the I and Q channels looking for

‘the AM hole and at the same time performs an AGC loop. If
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subscri ber station transm ssion so as to coincide with the base-station
modem cl ock. A slot receive routine is called when the nodemis ready

receive data, i.e., after frequency and bit 10 synchroni zation are [
achieved. Its main functions are (a) to initialize paraneters for theg
symbol receive routine (described below); (b) to activate the synbol

receive routine the first s ol i anpl ed; and, ( to determ ne nk
st haterds sosdehected dirRe 4 m%rwﬁ q#

'?'ﬁ?lsl %U?Pﬁe | cj% eq:g;ri iii [ I"; I'o‘:r}I O{J af he be

eﬁch rﬁge: ve % (ﬁ St ry?a %'\‘tu&'c% i‘g%kl%{o #ﬁt#réf?% %#1 p%ﬁ vog,a

ot e of | Tt syﬁéﬁerzﬁ"?ﬁ%ﬁéiﬁ‘r’“L%%%ﬁéd'%m”%’*%#%% R

18 and then hjanghas tked fﬁeaum rEHE | MEad M {1 -t Hd SE Y, an tasks of
this routlneli{are - 40- Reaydlngthe nodul ation | eve fromthe
controlngordauqyggfyidﬁLﬂﬁuﬂihéﬁ.can be 2, 4 or 16; 2. Calculatlng t he
hal f synbol

val ue given by the equation: 5 HS = 180

After detecting the AM hole this routine provides a
W phase locked loop for the gime during.which an unmodulated -
carrier is transmitted. In this loop, I and Q samples are
taken and the pha;e angle of the sampled signal is

10 calculated.

The calculated angle is subtracted from the previous
phase and the result is low-pass filtered and sent as a
‘control word to the VCX0O. AGC is also calculated during the

loop using the signal amplitude. At the end of the specified

15 duration if the phase deviations are less than a
K“/ predetermined amount, the module places "1" in the status
register 24 and if the deviations are still larger than this
Y .

amount a "2" is placed-in the status register 24. In the
latter case, the frequency acquisition routine may be

20 reactivated for more than one slot.

A bit synchronization routine is run in both the

subscriber station and base station modems, when receiving
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(Eq. 1) 3. Cal cul ation of a MASK used for
tAuncating the LSBs fromthe decoded phase. The MASK depends on M. and on
er of bits used to represent the decoded phase,” whereby if 2n o/
ents a 22.5 degree phase angle, then 10 MASK = 8 x 2n

2 =12 x 2n for ML = 4 =15 x 2 for M =16 4. Readi ng

us t kpeARed Qind Natér Cbompleting ¢fe tgeu;%wcyz&c@?ﬁ_éﬂramg it (for
bage station only). 15 5. waiting until the end of the sanpling for
. rst robtine Syl thénsubderibegngbatjohomodensy iy cwrgRity avilXlitbene;
and; 6. After receiving all synbols in the slot, sending the link quality
.si gnal fromsed to rsynphatorhize cthet 26 RBEzt syimbolt ied oc®U.toltches\bd=® recei ve
routine is activated once per synbol time while receiving data and its
functions istetidmn trapsmigsionnd Tnsthpl baseostaltd oy mesiem (i) ifs lused ng
the I and Q sanples; (c) determning the transmtted synbol and sending 10
it to $he doudeterming uthegfraghienal odrlayosot bes dnaarnaratacdn/dhe t o

the incom ng_signal; (e) executing a,bit tracking .. .
subscriber station transmission so as to coincide with the

‘base-station modem clock.
o/
A slot receive routine is called when the modem is ready
to receive data, i.e., after frequency and bit
10 synchronization are achieved.. Its main functions are (a) to
initialize parameters for the symbol receive routine
(ééécribed below); (b) to activate the symbol receive routine
when the first symbol is sampled; and (c) to determine link

~quality and other information after receiving all symbols in

15. the slot.

This routine is called by the initialization routine at o
the beginning of each receive slot. Its main function is teo
initialize the parameters for the symbol receive routine.

After completing this task it waits until all samples of the
20 first symbol in the slot are stored in the FIFO stack 18 and

then branches to the symbol-receive routine.
The processing tasks of this routine are:
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algorithm (f) AGC cal culation; and (g) accumul ating information for |ink
quality calculation. The routine is activated once per synbol when all t
15 \Afour sanples pertaining to a synbol are stored in the external FIF
stack 8. This routine reads the sanples into the -nenory and then
processes themto determne the transmtted synbol. Also AGC is cal cul at\ed
fromthe signal anplitude. The deviations in the received synbol fromthe "
20 transnmitted one are used in the AGC, |link quality and bit’ tracking

I th Th t h
5278 i croseh: - APEding fle Lidu TREKOR 1avefltd, 2PoR IS YEGRER] 5W55%Fe5
for a parti %@{s@yﬁbﬁ Wit mueaaebaeif%nsrti]e fol I ow ng tasks:

FIR filtering of -the received sanpl es. Th coefficients are
determ ned by the training routine dlscussed belomb 2. Determ ni ng the
signal level and using it for AGC, 3. Determ ning the received phase

angl e, subtracti ntalémlpting otise chal £ oymblobgvapué hgives by, tkeay coding
the 10 rounded-up result and sending the coded result to the CCU, 4.
" Executing theqeatiemacking algorithm (Its output is

v, S HS = 180 -
N2 T (Eq. 1)
3. Calculation of a MASK used for truncating the LSBs from
the decoded phase. The MASK depends on ML and on the number
of bits used to represent the decoded@ phase, whereby
if 2® represents a 22.5 degree phase angle, then
10 MASK = 8 x 27 for ML = 2
= n =
L = 12 x 2 .for'ML.— 4
= 15 x 2" for ML = 16
N\

4, Reading previous the AGC for this slot from the AGC

register 26 and sending it (for the base station only}.

15 5. Waiting until the end of the sampling for the first
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accunul ated for all synbols and sent at the end of the'slot. It is used to
synchroni ze the subscriber RX clock to the base transm ssion.); 15 5.
utjng a phase lock loop to synchronize the VCXO to the base station
osCil bator. (The output is sent to the VCXO at the end of the slot, in the
sybsgki Ner station only.); and accunulating data for link quality and

sén t he -43; I_nformati on .t o,.t.h | a t | i | ity reqister 25
at\ th nd OFYF'R@J’S'I Sf'd Fﬁ? r%&lat"cqhoi’(!% gﬁ&%‘?&%ﬁ% ?}%ﬁ%g%o fare
generatgd by bRe timng and control signal generator 38 from5 - the master
80 clock signal on line 59. The nodem uses the master 16 KHz cl ock
signal on line 60 as the TX-CLK for transm ssion.. Therefore, al
transm ssi ons out- of the base station are synchronous with each other. The
subscriber s&ati OnfaledCltetedvdng alQ damboaad i theomlcd clgerdiag anst er
80 MHz VCXO in the subscriber station timng unit. The VCXOis controlled
by the VCXO BEBBK sugldityosignad Zrdm dthe Hednkodpral ifryo medies t@$CQ S-RisK
signal on line 78, all receive and transmt clocks are cal cul ated. The
tinmng ahd céher 6CUsi gnal generator 38 then provides the 15 CCU with the
16 KHz RX CLK'signal on line 63 derived fromthe

The symbol receive routine is activated once per symbdl W,

time while recéiving data and its functions include: reading
I and Q samples for the symbol; (b) filtering the I and Q
samples; (c) determining the transmittea symboi and sending
10 it to the CCU; -(d) exécuting a phase-lock—loop to synchronize
the VCXO to the incoming signal; (e) executing a bit tracking
algorithm; (f) AGC calculation; and (g) accumulating

¥ 2 information for link gquality calculation.

The routine is activated once per symbol when all the
15 four samples pertaining to a symbol are stored in the N
external FIFO stack 18. This rbutine reads the sampies into _
the memory and then processes them to determine the ~
;ransmitied symbol. Also RGC is calculatéd from the signal
amplitude. The deviations in the réceived symbol from the
20 transmitfed one are used in the AGC, link guality ané bit

tracking algorithms. The run-time of this module is less

than one symbol time, i.e., 62.5 microsec.

-42-

-



incomng data stream The CCU itself detects the unique word in the
control .channel and can determ ne franme and sl ot nmarkers fromthe uni que
morduand the RX CLK signal on line 63. The AM STROBE si.gnal on line 65 is
derived!' by the timng 20 and control signal generator 38 fromthe signal
denodul ated by the m croprocessor 17 and informs the CCU where to | ook for,:
t he uni que word. -44- In the subscriber station the mcroprocessor 17 "
conputes the bit and frequency tracking paranmeters and adjusts the tining
by outputting the O EDBK.a d VCX si,gnal t t he STI 49 Tq adj

the frequency, Q\égffr EBFSéé' 0§, ap §t°r3%t9p ur g A Qlel% ‘?‘Fe

' Chen aivi eBQ%tEE@? = BYRbES KB %‘é‘%azt%%% ¥R, Sﬁ?vﬁég'f"“ nto

produce a 3. ¢ Mdg.clock. The tinlng and control signal generator 38
divides this By4 fo produce the 800 KHz 10 clock signal required for the
TX FIR filter 12. The sanple time generator 42 divides a 3.2 Miz cl ock
signal by 50 to produce the 64 KHz sanpling clock signal. The sanple tine
generator 421i.s URGRr fddterdhgobft khenreceivedesamples.t 0 (ThesFIR del ay
during control channel acquisition. This 15 allows large junps of [err]16
KHz cl ock pecpefifitdentssare determined by the training routine discussed

v below) ;
2. Determining the signal level and using it for AGC;

3. Determining the received phase angle, subtracting the
previous one, rounding up the result, Gray coding the

10 rounded-up result and sending the coded result to the CCU;

4. Executing the bit tracking algorithm. (Its output is.
- accumulated for all symbols and sent at the end of the slot.
It is used to synchronize the subscriber RX clock to the base

transmission.}:

15 5. Executing a phase lock loop to synchronize the VCXO to
the base station oscillator. (The'output is sent to the VCXO
at the end of the slot, in the subscriber station only.):; and

accuriulating data for link gquality and sending the
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ach|S|t|on The sel f adaptlng training node is a Iooped back state that
the n menters to train the denodul ator section digital FIR filter
-coeffHC|e ts stored in mcroprocessor 17 20 to correct for any analog
filter«degiadations that may occur in time or with tenperature. The

anal \; done by | ooping back the transmtter data through the RF unit
and rgcai vi g formationpant ehe QCU vd alctrhosl Ul intlorqueddcd ty rexfi g ter 2Gleat The
coef fi ts are optim zed over a 5 constraint LaG angi an -45- system
These const thenepdapE the ®l@t.ecei ved data stream (2) the data stream
del ayed by 0.05 T; (3) the data-stream advanced by 0.05 T; (4) the data
stream fromthe adjacent upper channel and (5) the dat a steanlfronlthe
adj acent | ower channe

t t h 17
orovi des 10 the EPRCFARLoE1PEK %@%o{%{‘%{‘e%s I en adi e "
32-synbol -1 I 6 f t he, FI FO st k hat
onabl od dur BRSERER HonicRy S&”S " e Gerh s Sm%%ti“ S

t b 5 gcyuﬁl {hd Ny t
SiTeansg by 32 mbstER€ g %&ﬁg r YU b dBi G d & a#:eé’w

t he nodem nodul ator section to read tralnlng pattern from
FIFO stack 3@sRerone’ XipzN¢1dek @igiinGrhe 60 as the TX CLK for

transmission. Therefore, all transmissions out of the base

station are synchronous with each other.

The subscriber station clock signals are derived
10 completely from a_mastei 80 MHz VCXO in the subscriber
.station timing unit. The.VQxb is controlled by.ﬁhe VCXO FDBK
signal on line 78 from the modem. From the VXCO FDBK signal
on line 78, ali receive and transmit clocks are calculatéd.
The timing-and control signal generator 38 then provides the
15 CCU with the 16 KHz RX CLK signal on line 63 derived from the
. incoming data stream. The CCU itself detects the unique wordk_)
in the control channel and can determine frame and slot
markers from the unique word and the RX CLK signal on line ~
63. The AM STROBE signal on line 65 ie derived by the timing
20 and control signal generator 38 frog the signal aemodulated

by the microprocessor 17 and informs the CCU where to look

for the unique word.
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switching unit .11 by a control signal on line 107 fromthe 15 control
wor.d r.egi ster 31. The denodul ator section is also advanced and then

dél ayed for sone of the tests. When the process is conptete, the nodem
sends d status message to the CCU that the coefficients are conputed. At
this time, the CCU tests the nodem by placing it in normal operation and

witing out a se I ,gaypqyyﬁ R f%??ﬁgé% -

retur ngd dat a anghﬁgg‘tbefso%rh val I di tyd&%gﬁ‘ _'tktll‘eh%r I ni ng sn%'g;ii gl%liﬂr#\{kﬁ!ﬁ
by the CCU etiet bl apdr Eregiienciotiradkimyipdindters ¥Ha S fidiE TP
RESET signal on line 54 to the nodem This reconfigures the ™m croprocessor
17, from usi tgmikgobyRokitput timgRAMe WOXO FPEM and VOXORWH 45 £k dftHee
RAM 44. The 2K ROM 45 holds the training node algorithns and the 2K RAM 44
provi des scFII¥HPAQ -neffor pajisite thee fridquemayaefthec microprordssoy 17
conput ed. One al gorithm conputes the adjacent” channel 10 characteristics.
"To dete?m n@%&}&&eﬁp @hBfheicanyezitier; dnc dhe ¥EX@davberfadentddr thatt ifeeds
must be able_ .to %aansnit at a_frequency that is removed 25 KHz fromthe

received fr&8GeNO}tashi dnte dhge VRP  hdhdeu Vi ifxgaueacy dsudhenyi ster in
the modem 33¢;4EHCHTEE 88 1% M .St P /Uy F1c2k 1 FilideF by 5

A

od

W, again to produce a 3.2 MHz clock. The timing and control
- signal generator 3B .divides this by 4 to produce the 800 KHz
10 ‘clock ‘'signal required for thé'wx FIR fiiter 12.1 The sample
time generator 42 divides a 3.2 MHz clock signal 5y'50 to
produce the 64 KHz sampling clock signal. The sample time
generator 42 is under control of the microprocessor 17 to
cause a delay during control channel acquisition. This

15 - allows large jumps of +16 KHz clock periods for fast

acquisition.

The self adapting training mode is a looped-back state
that the modem enters to train the demodulator section
digital FIR filter coefficients stored in microprocessor.17

20 to correct for any-analog filter degradations that may occur
in time or with temperatu;e; The analysis is done by looping
back the transmiﬁter data through the RF unit and receiving a
known pattern in the demodulator section of the modem. The

coefficients are optimized over a 5 constraint LaGrangian
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15 CCU to change frequencies in the RFU receiver section at the nodem s
i1 I°Y™he m croprocessor 17 executes the training routine. The function of
ra{ning routine is to conpute the FIR filter coefficients in the </

Yo|send a certain sequence of synbols. This sequence is transmtted

feTRgHtaner aftbieootistrialiftE dren (1? el irfecwivnia At st OVs:

\ (1) ofnmal hode; (2) advanced tim ng node; - del ayed tim ng
‘.nodes; and (g} eheé @atan sthieatddedayed! b3c0 mdui;ovm theddita stireanhe
latter two nodes, the AGC setting 1s increased by 23 dB.. The denodul at or
.section usedveheesatyyl €s 05f Thd4)nthie datavataeammiron the ad)avent! | ve
definite symmetric matrix A of order 28. Also, a 28-word vector Vis
created froupperechapnelsaapdedS) the dodef istieamt £ro0C the @djacgntedower C =
[err] _ (Eq. 2) An algorithmw || be
used td caFbarBed-B = A given A 10 Due to round-off errors, .B will not
be accurate, so an iterative nethod is used to calculate a nore accurate C.
‘The cal cul ations yield a vector of 28 conplex FIR filter coefficients.

During the training mode, the microprocessor 17 provides
to the FIR filter 12 of the modulator section a series of
32-symbol~-long training patterns on line 106 from the FIFO

'stack 36 that is enabled during the training mode. Advances

10 and delays skew the two streams by 0.05 T.

- The .CCU places the modem into the training mode to allow .

the modem modulator section to read the special training
pattern from the FIFO stack 36 by operating the training mode
switching unit 11 by a control signal onlline 107 from the

15 control word regisFer 31. The demodulator section is also
advanced and then_delayed-for some of the tests.  When the v
‘process is complete, the modem sends a status message to the
CCU that the coefficients are computed. At this time, the
CCU tests the modem by placing it in normai operation and

20 writing out a set pattern, commanding the RFU to loopback,

and read the returned data and test for validity.
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. d .
The nodul ator section is activated in the training node 15 to transmt
five simlar pairs of sequences. Each pair consists of the follow ng t

séqiences: (a) an | sequence of 9 null synbols, a "1" synbol and 22 nul) -
synbol §; and (b) a Q sequence of 9 null synmbols, a "j" synbol and 22 n I%;/
synbols. The "1"can be any synbol The "j" is the synbol 20 that diffe

o Y o 20 e BRatnrs moaff=. TR EaRaR' 3o e CBchL SRER TR s b/
Pifeh ?rﬁ?esiipﬁ?%{‘?é% ‘*Pﬁlﬁsiﬁfhgcﬁﬁﬁ Qgﬁyséisﬁﬁpfe?rbﬁ REgHE; "2
sanpl es ar esﬁgﬁsﬁreﬁdlitﬂél gbfﬁaeéﬁe%oa -fhgg) rééghﬁﬁgﬁg{eoee&a

sequence) and (-3) to bu e matri X W Ng process

i s done in ﬁb@r@pfaaésgeﬁelﬁffféﬁn ﬁgﬂﬁb 4ﬁ~(bekon éﬁh Ab RaMeis] ¥6¢hy 12k
X(4N-J) (Eq. 3) dittonis for all™N that
satisfyg O<of HOM| 4% &rdaPx ss shél\kﬂn<4$4 The zx ROM 45 hol8kqthd) For

t he advanced and del ayed nodes (second and third nodes), the sane process

i s perfornetraining wbde ahgorithmsecaniitthg 2KoRAM-84i pravidesdded. In the-

fourth and fifth 15 nodes (transn1tt|ng on the upper and | ower adjacent
channel s) scratchpad memory while the filter coefficients are being

.\v) computed. - i -

One algorithm computes the adjacent channel
10 characteristics. To determine adjacent channel interference,
ghe modem modulator section must be able to transmit at a
frequency that is removed 25 KHz from the received frequency.
This is done by the CCU reading the status register in the
modem. The information in the status register 24 directs the

15 CCU to change frequencies in the RFU receiver section at the

modem's will.

The microprocessor 17 .executes the training routine.
The function of the training routine is to compute the FIR
filter coefficients in the microprocessor 17. The
20 modulator section is activated in a loopback mode to send a
certain sequence of symbols. This sequence is transmitted to
the demodulator section via the RFU in five different modes as

follows: (1) normal mode; (2) advanced timing mode; {(3)
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the foll owm ng process is'perforned: A(1,J) = A(l,J) +Jerr] X(2N-1) X(2N-J)

). The addition is for all N that satisfy: 0< =.2NI < 64 and 0< =

u"',B4 (Eq. 6) -49- Furt her denodul ator section ‘\/

\ng tasks in the training node are: 4. Creating the vector V(1:28)
e sanples of the first pair of sequences: 5 a. Ifv(r)] =

| Waghgel UROAHUSR df (4 Wd 5h) dil e (445 SENE SR ihd

X are sanples of the (Eg. 8)” secon

sequence; 1adrd chanhiel®.N0 I & Heo Afaftitere ivo WRFded, @Ry At Vadeeihg s V-0

5

10

15

20

10 This is done by first finding B the inverse of A Due to round-off
-errors B dnkreasedodyn@ui@B.e. The following iterative nethod is used to
solve for an accurate C. [err] = Bx V

(Eq. 9) [err] =TJerr] - b x B(AXx [err]-V) _

(Egq. 10) 15 b is a predeterm ned value <1. -50-

-The demodulator section uses the samples of the input
waveform to create a positive definite symmetric matrix A of
order 28. Also, a 28-word vector V is created from the input

samples. The coefficients vector C is given by: .-

o/
-1 . .
cC=2a "V . - | (Eq. 2)
An algorithm will be used to calculate B = A given A.
Due to round-off errors, B will not beé accurate, so an
iterative method is used to calculate a more accurate C.
The calculations yield a vector of 28 complex FIR filter
coefficients. )
' v/
The modulator section is activated in the training mode
o/

to transmit five similar pairs of sequences. Each pair
consists of the following two sequences: (a) an I segquence
of 9 null symbols, a "1" symbol and 22 null symbols; and (b)
a Q seqguence of 9 null symbols, a "j" symbol and 22 null
symbols. The "1l"can be any symbol. The "j" is the symbol

that differs from “1" by 90 degrees.
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CLAIMS: - 1. A multiple phase nodul ator for converting a digitized bit
stream wherein each given nunber of successive bits defines a synbol,

a phase nodul ated signal, conprising: 5 nmeans for phase nodul at
each synbol; an FIRfilter to separate sanples of each synbol into in-
phase (1) and quadrature phase (Q parts and to inspect the two phases
different tine periods; neans to conbine the two phases into tinme-shared-
|/ Q signals; and a digital-to-analog converter for converting the:

ti me-shared |1/ Q sTheadembdudatbprgsecghiohspracesbiéngotasksoarel: cl(a)ntd,
further conprising a bandpass filter to separate desired from undesired
si-gnal s. 15 a@jusththepld@Casor thatcthensignalr prek donghesnogmad mpde is
converter to_increase the frequency of the filtered signal. 4. The

nmodul at or of 5@ t@n72% efr thermayipursi{thendERsisoiprsergedabyr 2y- 8Bd&oro
each synbol . 20 ator agco digggto any gne of clainms 1 to 4:

5 A dul
wherein the R feprth B£8v¥a§§hamPFFF Fe i§ﬁaFePﬁaPPdwﬁ§HrGoﬁVSr%BH“FO
I ' I | deg, | at i i | .of | at.i f
Chat 8 %en EPBRLeRo RS Fi8aE 4 P ABA PR caRENA] 5AGARE, PRR. Ehe hEHE B

samples are stored for each segquence); and (3) to build the

matrix A (28, 28). The following process is done in the .

W,
normal mode (first mode):
A(I,3) = A(I,3) + EX(4N-1) X(4N-J) ' (Eq. 3)
10 The addition is for all N that satisfy:
0< = 4N-I < 64 and 0< = 4N-J < 64 (Eq. 4)
For the advanced and delayed modes (second and third
modes), the same process is performed except that the term
resulting from N=8 is not added. In the fourth and fifth
ot 15 modes (transmitting on the upper and lower adjacent channels)
the feollowing process is performed:
—

A(I,J) = A(I,J) + IX(2N-I) X(2N-J) (Eg. 5}
The addition is for all N that satisfy:

0<.= 2N-I < 64 and 0< = 2N-J < 64 {({Eg. 6)
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igital-to-anal og converter provides said nodul ati on signal
means are provided for mxing the nodul ation signal w'th >
te|lsignal at a predeterm ned frequency to provide a phase

noduNated | F/signal that is a frequency modul ated (FN) signal havi an I|F -
frequiricy t hat isFﬁf#BGEI5@Nﬂ4ﬁ$4;ﬁﬁnFQQtﬁﬂﬂaRﬁﬂﬁé%ﬁﬁﬂ@htgﬁgﬁugﬂc§ggnd t he
pr edet exynired frequency. 6. A nmodul ator according to Claimb5, wherein

the phase no&ERAPARG MOSs 8&pri ses neans for converting the symbols in
accordance wth a digital phase shift keying (DPSK) code. 7. A nodul at or
according to-Claim5, wherein for each sanple, the FIR filter

provi des sai %).f il E:‘i'é%‘ii%igggﬁca,[ iﬁ%%‘ormq?a)\é\i%%np% tslgﬁtgl@-spggsghgl ) and

guadrature ( component phase no signal. 8. A nodul at or
according tofﬁ}éitmp%,ir""‘&@ Ydyddifedd R filter filters a plurality
of phase nodul ated synbols sinultaneously in a sequentially overl apping
rel ati onshi p. 9. A nodul ator according to any one of the preceding

S a. I{V(I)) = X(32-I); where X are samples of the (Egq. 7)

first (I) sequence; and

o/
b. QIV(I}3} = X(32-1); where X are samples of the (Eqg. 8)
second (Q) seguence; and
5. Finding the coefficients vector C by solving A x C-V=0.
10 This is done by first finding B the inverse of A. Due
to round-off errors B will not be accurate. The following .
iterative method is used to solve for an accurate C.
C, =BxV : - (Eq. 9) \/
=c_- - Eq. 10}
Cn+1 Cn be(AanV) (Eq } )
15 b is a predetermined value <1. g
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clains, wherein the FIR filter sanples each—phase nondulated synbol a

predet erm ned nunber of times, with successive sinultaneous sanpl es bei
factvef ed together in accordance with a preamuﬂlﬂjﬂlﬁﬂﬂmyw al patter
provide the filtered signal that, when con 5 g signal, :
provi des said nodul ati on signal. 10. A nodul at ot alcofdihg to daim(,
wherein the FIRfilter conprises a read only nenory (ROV) that provides\the

filtered signal in_accordance with the conbined digital values of the’
si mul t aneous| y <&&pIM8:8hase nodul ated synbols. 52 11. A

communi cations syst em MAIREpIéNPhasEDAGH ] HEcPCESF Wdihdrk iy LHone of the
precedi ng clainsaifg%%her gogpr#sin d%quMzﬂi%EhnEans for ‘converting a
recei ved said phad@iksaafaPay ? r§?@hé¥ to=the E Y AYMRSF W ch sai d
recei ved phase neugceseiveFbitgndéf imes dersymisbl, 1thto 2A phesies Modvd@t@idng
to claim1l, wheggpRalhecdmpPisiaglng means conprise: nmeans for mxing the

1

recei ved phase noddlated I'F signal with a steady-state signal of the sane
frequency as the spgaBfases @FSPQ%%S medulabing okagh tsymbadoei ved phase
nodul ated | F sign s@pAYAEE FatSTEs & ¥ Wmbol into in-

phase (I) and quadrature phase (Q) parts and to inspect
the two phases at different time periods;
means to combine the two phases into time-shared
10 I/Q signals; and _
a digital-to-analog converter for converting the
- time-shared I/Q signals to analog signals.
2. The modulator of claim 1, further comprising a
bandpass filter to separate desired from undesired signals.
15 3. The modulator of ¢laim 2, further comprising an
up converter to increase the frequency of the filtered
signal.
4. The modulator of claim 1, further comprising means
to provide a gray-code to each symbol.
| 20 5. A modulator gfcording to any one of claims 1 to 4:
W, : wherein thgé llter provides a filtered signal
that, when converted to an analog signal, provides a
modulation signal of a modulation frequency that is
centered about a predetermined frequency and deviates
25 therefrom in accordance with the value of the phase
modulated symbol;
wherein the digital-to-analog converter provides
said modulation signal; and wherein

S



signal; neans for converting the received anal og signal into a received
digital signal; a FIRdigital filter for digitally fitterimng an-received

di git, +gnal to provide phase nodul at ed sy r convertivg
the rfecejv phase nodul ated synbols into a r 1@”“@8

corr ng' to the bit stream from which the*receiv nDduIated lF
si gna R&@S derived. 13. A systenlaccordlng to daim1l12, wherein within

t he de

ting nmeans, the FIR d ilter etel rlse n1cro ropessor
ooy oneans BreLPraY el far BRinY e el R Srenat

m cr opr ocessor withl adeteadyesharel Gignadr iatg aFIpRe‘deltte:mmtmi fﬁmeqammcj Oto

use in said flLEBLLRAL of chidge’ G %%\1%%% 4 Yighal Unatths a F RIS

according to Craim npri sin St provi ding: & sequence
of predeterm nagdylateds (F¥)t Iﬁémarlstha%mg @@ IF fasauenmathateimmaa f or

providing to thsa@qmwnayrwu@%%% e MGRARA MY Fhddnsy) Hrd oVi ded

by the flrSt-rGC|ted m i ng means; and means in the m cr opr ocessor for
adj usting the PFR determin frequency.

6. A modulator according to Claim 5, wherein the phase
modulating means comprises means for converting the

symbols in accordance with a digital phase shift keylng A
(DPSK) code.

7. A mod tor according to Claim 5, wherein for each
' sample, thé%%giterEgg—meanf]provides said filtered signal
in accordance with both the in-phase (I) and quadrature

(Q) components of the phase modulated signal.

8. A modulator according to Claim 5, wherein the FIR,.

fllterEégwmeanglfllters a plurality of phase modulated
symbols simultaneously in a sequentlally overlapplng

relationship.

9. A modulator according to any one of the preceding .

claims, wherein the FIR filter samples each phase .
o/

‘modulated symbol a predetermined number of times, with
‘successive simultaneous samples being factored together in
accordance with a predetermined sequential pattern to . '
provide the filtered signal that, when converted to an
analog signal, provides said modulation signal.

10. A modulator according to Claim 9, wherein the FIR
filter comprises a read only memory (ROM) that provides
the filtered signal in accordance with the combined
digital values of the simultaneously sampled phase
modulated symbols.
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filter coefficients stored in the m croprocessor nmenory until the received
phase nodul ated synbol s correspond to the Sequence of predetermnm ned synbo¥s ,
proyided to the first recited filtering ne em according {of,
Cl ai m‘12 wherein within the denodul ating !.Il t“lu mﬂt ion of the FI Ry
digital filter and the neans for converting= ase rodal at ed synbol s.
conprises a mcroprocessor for said filtering of the received digital, _,
signal and for said converting of the received phase nodul at ed synbols
wherei n the m cridpr oc e scommurn caiebons rnystgmfanmpatxsinm &mddulasor
coefficients fory Use. al and a
menory for stori ng ad'{h ‘grgn##]eéc‘ﬁ (r;%%q.} s%a&]g%i sidcdﬁc%h%/erfs?foﬁﬂo t he
recei ved phase mmwgﬁm%ulqmng mem t§ cconieert iRgorureceived
conpri si ngI aI ft@@ﬂty He :iclbcﬂg.'?ébt&?”ffaéti ﬂeﬁéls%ﬁ&rbitaetn@éﬁéwgff?ﬁ' lne
wave signal a erna e ggl e et ween two adratic state a multiplying
nmeans for combi Iéag#g L¢g t@%?%ﬂ%ﬂ’&&?‘he% mm*-?ﬁ‘%ip%%ederl"ed"

nodul at or signal ;. an anal og-to-digital converter for convertlng t he
resul tant signal io dtﬁ'éf%téﬁ”é@cordlng to claim 11, wherein the
demodulating means comprise:

means for mixing the received phase modulated IF
signal with a steady-state signal of the same frequency as
the steady-state signal used to produce the received phase
modulated IF signal to thereby provide a received analog
signal;

means for converting the received analog signal into
a received digital signal; '

a FIR digital filter for digitally filtering the
received digital signal to provide phase modulated
symbols; and - '

means for converting the received phase modulated
symbols into a received bit stream corresponding to the
bit stream from which the received phase modulated IF
signal was derived. =

13. A system according to Claim 12, wherein within the
demodulating means, the FIR digital filter comprises a
microprocessor for said filtering of the received digital
signal, and wherein the microprocessor includes a memory
- for storing FIR filter coefficients for use in said
filtering of the received digital signal.

14, A system according to Claim 13 further comprising:
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means including a digital nenory neans to conformthe resultant signal to
signal s of predeterm ned frequencies; and neans to recover—the digital
inforgeion in an original signal, thereby | jgital bit streamd/ e
as o . 7. The denodul ator of Caim Hmmmm"!’”@ﬁ i sing an input . X
filter. ®/ The denodul ator of C aim 16, es eln provi ded neans ;
t hat{ coyrpédsates for time delays in the reception of different signals. 19.

The \demyeyil at or of Claim 1 wherei.n . .there is provided neaps to extract
contXol Vnf ormati.on FEGRS %c? i WEPYV: radﬁ’aq & .sftg"‘oen%emﬂ@ﬁ)%%ﬁ’a’r‘“b? Cl ai m
16, €rei n t heymbiod sprtov itded fipmts-rfewited rEHdttewing mewns nf or mati on from
recei ved signals. 21. The denodul ator of C aim 16, wherein there is

provi ded neans to deternine which signal of a sequence of signals is first
received. 22. . The FeavduifaroProvidizigntss, thedenodulating means i thel
neans to deter ghage i IS 1¥NisArAN provided BP JeRe COIPEL-S) &Gl Fed
nmodul at or according to any one of clains 1 to 10 and a denodul at or

according to afy Feanisy Atdie to 22.

means in the microprocessor for adjusting the FIR
filter coefficients stored in-the microprocessor memory o
until the received phase modulated symbols correspond'to NS
the seguence of_predetermihed symbols provided to the
first recited filtering means.

15. A system according to Claim 12 wherein within the
demodulating means, the combination of the FIR digital_
filter and the means for converting the phase modulated
symbols comprises a microprocessor for said filtering of

the received digital signal and for said converting of the
received phase modulated symbols, wherein the

microprocessor includes a membry'for storing FIR filter.
coefficients for use in said filtering of the received
digital signal and a memory for storing a predetermined {;}
code for use in said conversion of the received phase
modulated symbols. ' | w

16. A multiple phase demodulator comprising:

_ ~ a steady-state signal generating means for
generating a sine wave signal alternately toggled between
two quadratic states;

. a multiplying means for combining said steady-state
signal with a multiple phase modulator signal;



24. The -nodem of C aim 22, wherein the out ulator is coupled
to the input of the denodulator by a circuit including at | east one anal og
fi |¢er, and wherein said denodul ator incl udeﬂ, wum,m sai d

denodul ator to conpensate for changes in sai t® n"25. The

npdem of C aim22, wherein there is provided neans %o "cadse*t he modul at or
to transmt a variable duration of |ack of signal presence periodically an

wherein there are neans to_cause sai.d.degodul ator to _provide an .output
identifying the vari oft® FHBEngggﬁgﬁg;ganconverter_f%r converting Qﬁ? .
resultant signal to digital form; _ '

means including a digital memory means to conform
the resultant signal to signals of predetermined
frequencies; and

means to recover the digital information in an

o original signal, thereby producing a digital bit stream as
T\ output.

17. The demodulator of Claim 16, further comprising an
input filter.

18. The demodulator of Claim 16, wherein there is
provided means that compensates for time delays in the
reception of different signals.

19. The demodulator of Claim 16, wherein there is
provided means to extract control information from
received -signals.

20. The demodulator of Claim 16, wherein there is
provided means for extracting timing information from
received signals.

21. The demodulator of Claim 16, wherein there is
provided means to determine which signal of a sequence of
signals is first received.

22. The demodulator of Claim 16, wherein there is
provided means to determine frame synchronization.

23. A modem comprising a modulator according to any one
of claims 1 to 10 and a demodulator according to any one
of claims 16 to 22. :

§s




e

| ) ) O R ~

Wie EY

24. The modem of Claim 22, wherein the output of the
modulator is coupled to the input of the demodulator by a
circuit including at least one analog filter, and wherein
' said demodulator includes means to cause said demodulator
to compensate for changes in said analog filter.

25. The modem of Claim 22, wherein there is provided
means to cause the modulator to transmit a variable
duration of lack of signal presence periodically and
wherein there are means to cause said demodulator to
provide an output identifying the various input signals.
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