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1.0 INTRODUCTION

1.1 Scope

This preliminary specification covers detail requirements of
a quality modem designed for 2 wire dial-up full-duplex operation
and operating in the following modes:

a) PSK mode:

1. 1200 bps asynchronous-character format
2. 1200 bps synchronous-bit format

b) FSK mode-.

| ’
1. 300 bps asynchronous operatlon

Throughout this document the ferms 212A and 212 will be used
interchangeable. However, it is the intent of this spec1f1catlon

to represent a modem compatible with the Bell System' s 212A data .
set.

1.2 Summary DeScripﬁion

The unit described herein provides full-duplex transmission

- and reception of serial binary data at two specific bit rates

- over a switched network. The two modes of operation are 1dent1f1ed
- as low—speed and hlgh—speed.

" In the 1ow-speed mode, the unlt 13 compatlble wlth exlstlng

'§sw1tched network low-speed modems such as the 103 and 113 types.
| The maximum data rate is 300 bps. |

¥
L

. In the hlgh—speed mode, the unlt can be operated at ]200 bps.

" The data at the RS-232 interface may be formatted as blt-synchronous

. or character--oriented asynchronous. All tlmlng signals and data

format restrictiocns (the latter appl*es to asyncheonous operatlon
only) are described in the text of thls document. | |
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,* Various test features and tests are provided to aid in the
~— diagnosis of typical cormmunications systems problems. Among these
are: self test, analog loopbacks, digital loopbacks and remote
tests. A detailed discussion of the test is given in Paragraph 9.0
of this document.
2.0 APPLICABLE DOCUMENTS
2.1 EIA Standard RS-232-C, Augqust 69
2.2 Bell Systems Technical References (212A Modem)
2.3 CCITT Recommendation V.22 (Where Applicable)
2.4 Part 68 of FCC Regulation
a1 | . - ¢
-~ e 3.0 GENERAL CHARACTERISTICS : |
. The folloW1ng specifications cover the operational character—
 istics of the 212A‘modem. ' }
éjB.l Type of Line ; ;5 ;
Type 3002 teléphone lines. fiv i
| ;%3.2 Data Rate ;'J%_ :1:§f 1%
: Mode A: 1200 bps synchronous (PﬁK Mode) Eé
- Mode B: 1200; bps start-stop (PS Mode)
Mode C: O0- 300 ‘bps asynchronous,aFSK Mode)
Q% L3
In all cases the data is transmvtted and received serlally.
Interface to the 212A modem shall be RS 232-C compatlble.3
UU. R REV}
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3.3 Modulation

A - Analog

1) Differentially coherent phase shift keyed on a

dibit basis. The carrier frequencies will be
1200 Hz + 0.01% for the low channel and 2400 Hz
+ 0.01% for the high channel.

2) Frequency shift keyed on a bit per bit basis.

The average carrier frequencies will be 1170 Hz
+ 6 Hz for the low channel and 2125 Hz + 6 Hz
for the high channel.

B - Digital

1)

fModd C shall require a data signaling of 3¢§
bps:; The deviation of the bit rate w1ll i

| /
Data Signaling Rates, Overall

Reference Paragraph 3. 2

Mode A (1200 bps synchronous) shall requlre.a
bit rate of 1200 bps + 0 0l1s%.

Mode B shall require a data 51cna11ng rate
(Tx ; data) of 1200 bps + 13, -2.5% (See 2 ;.
below for detailed descrlptlon) L

'.i

fol;QW the type 103 modgm spec1ficatlons. 12
Dat;ZSlqnallng Rates, D%talled Descrlptlonié
Mode: A shall require 1200 bps + 0.01% synchro

In‘;hls mode, the modem shall accept SYnChSOnOUS

dat% from Clrcult BA (Tx D) under control'of

ClIéﬂlt DB (1nternal cIock), Circuit DA (egiernal

clock),vor Circuit DD (slave option = RX clock),

i. e., a conventional synchronous lnterface.

~ [Eoniversal datia ssstems | A
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- Mode B is 1200 bps nominal start-stop 9 or
10 bits per character (including 1 start,
1 stop bit); i.e., a conventional asynchronous
interface with a character length restriction.

« Mode C is 300 bps asynchronous with operation
and interface characteristics similar to a 103
type modem. |

e e ——

- - - -
. -

———

,///Note: In the start-stop mode, the modem éﬁall\\\\

d
/

-~

accept a data stream of start-stop char-
acters at a rate of 1200 bps + 1%, -2.5%.
The start-stop data shall be converted to a
form suitable for synchronous transmission
at 1200 bps £ 0. 01% then scrambled in
accordance with Paragraph 4.1.2 and passed

\\\\ to the modulator for encoding in accordance
w1th Paragraph 4, l 3.

- —
S ——— e e -

- 3) Additional Notes on the Slgnallng Rate Range

The following 1is appllcable to Mode B (1200 bps
async). |

o When character rate from the DTE is .
from 133.3 to 134.7 characters/sec for 9 ﬁit
ﬂcharacters, vaj | | 1é
frbm 120.0 to 121.2 characters/sec for loibit

<!

ch?racters,

-th%»start-stop asynchécnous to-synchronou%f
converter within the odem shall as oftepi

negessary delete the stop bit of the 1ncom1ng
f%

characters. However,%no more than one StOp

Bit shall be deleted for any 8 consecut1Ve

characters.

\~.
!
Y
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The receiving modem will in turn re-insert

" the stop bit(s) which were deleted by the

transmitting modem. Thus this process of
"catching up" is not readily observable by
the DTE on either end of the transmission.

When the character rate is less than
133.3 characters/sec for 9 bit characters
120.0 characters/sec for 10 bit characﬁers

the aSynchronous-to-synchronous

converter within the modem is tranSmitting
more bits/sec than are prbviaed by DTE. The
converter shall, therefore, insert extra
stop bits in between éransmitted characters.

Note: Means are also provided to handle BREAK

51gnals as follows:

If thé data to be transmitted is M to
2M + 3 bits (where M is the number of

bits per character) of start polarity, the ?
converter shall transmit 2M + 3 bits of .
the s?me. If the converter detects more i;f;
than 2M + 3 bits of start -polarity, the - &
'convefter shall transmlt all these bits iﬁéf
as st rt polarlty. '@f@;e ) §
,Thé*#fk MUST transmit on{Circuit 103 s
(TXD | at least 2M bits’ éf STOP polarity - i}
afte %é break signal to nsure that the i'%fwf
rece 51ng end regains CHARACTER SYNCHRONISM.’%
Theniend only then can fgrther data char-%tgi
acters}be sent. "% i;%%;

e
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1‘?1tter and recelver.ﬁ

$ii:2% roll-off. Slm1¥arly the peak groupw

.14k§

3.4 Compatibility

The UDS 212 modem shall be both line and functionally com-
patible with the Western Electric 212A modems.

4.0 DETAILED MODEM REQUIREMENTS

4.1 Transmit Level

The transmitter output level shall be strap selectable in
increments of 3 dB, between 0 dBm and -12 dBm. An additional
strap position marked RP will allow the transmit level to be set
by external programming resistor (RJ45 type connection).

The output shall be transformer coupled to the telephone

line and have an output impedance to the line of 600 ohms t,lO%,
across the band fromj?OO to 2700 Hz, when a 100 ma max. D.Cg current

vector is superimposed on the A.C. signal vector.

4 1.1 Transmitter Output Sideband Content and Group Delay

Fixed compromlse equalization shall be incorporated 1n the

= modem. Such equallzatlon shall be eqpally shared between trans-

B

#j;?a After making: allowance for the nomlnal specified compromlse

9+Jquallzer characternstlc, the transmltted line signal shall*have

Qpequlvalent to a ramsed cosine shaplng §w1th

“delay of the transg tter

:?;tutput shall be + 1&0 us over the rangefaoo 1600 Hz (low c annel)

'_ff-_iband power (> 4000 H&) shall not exceed %{-AO dB with respectﬁ
c : .

wnd 2000 Hz-2800 Hz%(hlgh channel). h??nomlnal maximum o é of

.hr
M‘

nter of transmltted band.

.....

&

¢
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4.1.2 Scrambling of Data Bits (1200/600 bps Operation)

A self synchronizing scrambler having the generating polynomial
1 + x~14 + x~17 shall be included in the modem.
sequence applied to the scrambler shall be effectively divided by

the generating polynom

The message data

ial. The scrambler output data sequence is

x-14 ¢ ps. x~17

Ds = Di ® Ds.

The scrambler should be configured as follows:

Ds — 4 X
(Scrambled Data) , I

Dl

BT
Dla~Do._| i T 3
—_ v
RS-232:
Buffer:

®
]

| EX—OR Operation B BN
. \=;§inary Multlpllcatloni* I £

‘Inverted

,UI
|

.

gi Lock-Up Circuitrﬂs(Watches for allﬁ

:"t: ’g

sy .
W "t\.‘.’ﬁ»‘c& ‘ PERICT AT, 2 s B
A R TR .

vt“,

Note: . %e anti-lock-up c1rcu1try as proposed by CCITT

£ %
fecommendatlon V. 22 15 as follows:

s : o &
SCRAMBLER - If 64 qonsecutlve binary dnes are

8 detected at the output of %he
SCRAMBLER then the next INPUT bit

to the scrambler should . be inverted.

DS A

%é:o Condition)

:026
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DESCRAMBLER - If 64 consecutive binary ones are
~< _ detected at the input of the

' . ' DESCRAMBLER, the next output bit
should be inverted.

The anti-lock-up feature is incorporated as a
strap option in the UDS 212. It'is_gresentlz

not available in the WECO 212A.

4.1.3 Encoding of Data Bits -

4.1.3.1 1200 Bits Per Second

The»synchronous data stream, generated by the modem for trans-
mission, shall be divided into groups of 2 consecutive bits (DIBITS).|
Each DIBIT shall be encoded as a phase change relative to the phase
of the preceding signal element (See Table 1). The left-hand digit
of the dibit (in Table 1) is the one occurring first in the data
stream as it enters the modulator portion of the modem after the
scrambler. '

- —» 4.1.3.2 300 Bits Per Second | ¢
Each?bit shall be encoded as a frequency shfft relative to
its polarity (see Table 2).

B B TABLE 1., LINE CODING
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‘chls section.

TABLE 2. LINE CODING

300 BPS
BIT VALUE

1
0

Note: Bit values are binary values, i.e., 1

5.0 TRANSMITTER TIMING

See Appendix A.

LO-CHANNEL HI-CHANNEL
FREQ. FREQ.

1270 Hz’ 2225 Hz
1070 Hz 2025 Hz

Mark
Space

o
inn

LI

6 0 USING SIGNALS DA AND DD (EXTERNAL AND SLAVE TX CLOCKS)

The frequency of these clocks shall be 1200 bps + 0 025%

7 0 RECEIVER

i
f} :

spe01f1catlon of an paragraph reference 4.1.

3 atlon, the receiver shall have a nomi@él

5
il
8

-45 dBm.

s;\—-ﬁ L —:

él

The modem recelver shall conform tq the specxflcatlons of

[
wht
A

f

Q
v

§
5
-

%M"Mﬂ
i

?ormer coupled to thé
The;lmpedance presented”to the line shall meet

The

| jltter shall not exceed +1.0% and the duty cycle shall be 50 +2 0%.

026
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For 1200 bps operation, an option strap will permit reception

of a signal in the nominal range of 0 dBm to -30 dBm or -15 dBm
to -45 dBm.

For 300 bps operation, the dynamic nominal range will extend
from 0 dBm to -50 dBm. '

In all cases the hysterisis (from OFF to ON) will be no less
than 2 dB, no more than 4 dB.

7.2 Carrier Detect Clamp

When receive carrier detector is false, the received data
output will be clamped to MARK hold.

'
)

7.3 Carrier Detect Delay

See timing chart in Appendix A.

- -5 7.4 Compromise Equalizer

See 4.1.1.

© 7.5 Receive Filtef %:
B o

are at the 3 d4B- p01nts.

%7.6 Data Retrievafa

- b3
i
o :?37: :
'F

‘iélength of the start and
data elements for all characters shal% be the same. The- length

"ﬁ-of the stop element shall not be reduced by more than 12% for the

for Lo-Band and 2400 Hz + 450 Hz for ﬁl—Band where the bandwldths

The pass—band for the receive fliter shall be 1200 Hz + 450 Hz

either 1200 bps %ynchronous

[Eaniversal s!alia suShams A
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basic signaling rate range to allow for overspeed in the trans-
mitting terminal.

Note: The data handling within the modem is done in
| synchronous fashion. The data delivered to
Circuit 104 (RXD) has the start-stop format
compatible with async terminals. This requires
a converter to reinsert the stop bits removed
by the transmitter (Ref. 3.3, Paragraph 2 and 3).

7.6.2 Break Signal

Reference 3.3.

- -

The 2M + 3 or more bits of "start” polarity received from the
transmitting modem shall be output on Circuit 104 (Rx D). The
modem shall then regain character synchronism,frém the following
"STOP" to "START" transition.

7.6.3 Alternatives

- See Reference-3 3.

The modem receiver shall be able to handle all modes as
descrlbed 1n Reference 3.3. Strap options are. utlllzed for the
selectlon of the approprlate PSK mode. ;

.5"

7.6.4 Déscrambler | \?ﬂﬁ5"
Befo§§'=‘e received data 13 fed into the conver‘
formatti g, it has to be des}rambled.

er for final

L EEs

o
A s@lf-synchronlzlng de§cramb1er having tQQ polynomlal

&7

1+ x‘14%¥ x—-17 shall be provlded The messagezﬁhta sequence

after det$du1atlon shall be effectlvely multlplled by the

;"§,’
generatlgg polynom1a1 1+ X~ L4 + X~ 17 o form tﬁg descrambled
message. 2

?éz _ -14 .&;..17
Dy = Ds(l ® X ahx

%’
«’,‘“;
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A suitable arrangement shall be as follows:

Dg . po— . -1 -1 -1 1
X “|l=—--- —y— -1
(Scrambled Data £ X X
_ ~-14
| Dg X
?Oxil r 0 | /x\L' Dg x~17
| - U o B
RS-232 Y
Buffer
® = EX-OR Operation . .
=== . N : .
i t = Implemented if anti-lock-up is used in the scrambler.

the: The anti-lock—ﬁpAcircuitry as proQoSed by CCITT

recommendation V.22 is as follows:

SCRAMBLER - If 64 consecutive binary ones are

detected at the output of the SCRAMBLER,
then the next INPUT blt to the
scrambler “should be lnverted.

DESCRAMBLER f If 64 consecutive blnary ones are . i
~ detected at the input to the DESCRAM- |’
gLER the next OUTPUT bit should be

_J%

#mawﬂmww s;
T i”n
Lo dy

SR S SR
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é%j‘ 3) The orlgln?tlng data set lsfslngA with the Lowes;éed

8.0 OPERATIONAL PROCEDURES

8.1 Channel Allocation

When operating on switched (e.g., telephone) networks and

utilizing automatic or manual answering capability, modems at calling
locations shall transmit on the Low Channel and receive on the

High Channel. Conversely, modems at called locations shall transmit

on the High Channel and receive on the Low Channel. The mode (PSK
or FSK) is selected by the calling modem. The called modem will
automatically adjust to the mode via the initial protocol as
described in the later paragraphs.

8.2 212A Protocol: (See Also Timing Chart in Appendix)

The handshaking procedures take place after the transfer to

3the data mode is aCcomplished (after-Cé%(DSR) has turned(ﬂn There
Eare four basic sequences which can be followed depending on the
,gselectlon of speed and the kind of data sets which are connected

_ The possible comblnatlons are listed below:

1) The originéting data set is a ilZA with the High- épeed
Mode selected and the answerlng data set is a 212A.

2) The orlglnatlng data set is a 212A with the Low-Sgeed
Mode selected and the answerlnfgdata set is a 212A
with the D&al Speed capablllt“&;

Mode selecéed and the answerlggddata set is a 3005bps

FSK data set other than a 212;

b " ‘?ﬂw"

(such as a 1l13B or§d03A)

4) The orlglnatlng data set is. a%

%00 bps FSK data se1
other than a 212A and the ans’erlng data set is
212A Dual Speed capablllty.ﬁi-”

The sequence for the first comblnatlon is given in Sectlon

f§8.2.l. The handshaklng sequence for comblnatlon 2 is glven in

*‘:
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~—r’ Section 8.2.2. The handshaking for combinations 3 and 4 are
essentially the same as that for combination 2 with time and

protocol variations.

8.2.1 High-épeed Mode Handshaking Sequence

See Timing Chart in Appendix A. | -

After the answering 212A has transferred to the data mode,
the channel is kept'silent for two seconds. When the silent
interval has elapsed, the'answering 212A begins transmitting the
- (2225 Hz) answer tone. The originating 212A requires approximately
155 + 50 milliseconds to detect the answer tone. The originating
212A will begin to transmit 456 + 10 miliiseconds after answer tone
is detected. The answering 212A requires 270 + 40 milliseconds for
its carrier detection process, after which it transmits a scrambled
marking signal.? The originating 212A also requires 27b‘t 40
f milliseconds toéacquire the carrief, then its CPF (RCD)?Circuit turns

' "') ON. The answeriing data set delays 765 + 10 milliseconids after it '4"'_
| began transmitting the scrambled mark signal, then turns on the CF
(RCD) and CB (CTS) circuits. The orlglnatlng data set:delays 765

+ 10 mllllseconds after the CF (RCD) circuit turned ON’ then turns
ON the CB . (CTS) -circuit. The handshaklng is complete at this point,
and 1200 bps data can be transmltted in both dlrectlong.

After the answerlng 212A is transferred 1nto the data mode,
it begins to7£:;: the abort 1ntervil. If the CF (RCD) elrcult doee
not turn ON'WLjZ ;;seconds, the data.set will abort
the call and. d;éconnect itself frd&{the telephone lln(i: Timing
Chart in Appenééx A shows the hlgh;speed handshaklng{féquence with
manual calllng and manual or automatlc answering. 3

5 A5 5 RIS A
: e

& FERIAANC . PLME i L 7 W e S S b
i G e e NS R R T e s POy 57 i A ey S
- . . s b oL e g e oY i g D
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8.2.2 Low-Speed Mode Handshaking Sequence

See Timing Chart in Appendix A.

After the answering data set has been transferred into the
data mode, the data set times the two second silent interval
before it begins to transmit the high-speed answer tone of mark
hold (2225 Hz). The originating data set carrier detector turns ON
after 155 + 50 milliseconds, and the CF (RCD) circuit turns ON.
456 + 10 milliseconds after the CF (RCD) circuit has turned on,
the originate data set begins transmitting a low-speed mark
signal (1270). The carrier detector at the answering data set also
requires 155 + 50 milliseconds to detect the carrier, then the CF
(RCD) and CB (CTS) circuits turn ON and disable the 2225 Hz marking
signal. The originate data set turns on its CB (CTS) circuit
765 + 10 milliseconds after the CF (RCD) circuit turns ON. Customer
data can be transmitted in both dlrectlons at this p01nt. Timing

Chart in Appendlx A shows the low-speed handshaking w1th manual
calling and automatlc answering.

9.0 TEST MODES j

The test modes are the same for the low-speed mode and the
high-speed mode w1th the follow1ng exceptlon. :

Remote dlgltal loop-bac: ls only valld

The f°11°W139 paragraph descr §§s the differentfféfj

REV
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9.1 Analog Loop

The Analog Loop test mode is used to verify the operation of
the 212A modulation/demodulation functions, the terminal receive/
transmit functions and the data set/terminal interface. To
condition the 212A for an Analog Loop test, the Data Terminal Ready

(CD)

circuit must be ON.

The speed mode of the test is selected

by the front panel HS pushbutton.

The test is initiated manually

or by DTE command.

The 212A follows a "handshaking” sequence

| Loop test if the data set is not conflgured for maklng the telephone
‘.llne busy. t ;

,f;;ynchronously and the ‘Transmitter Tlmln%}SIave option is. lnstalled,
%lébe Analog Loop test
 4f=§ The TM lamp ong;he front panel ofﬂ%he 212A will be llLﬂmlnated
:éhenever this test is performed. ,ie>g
= 3

'test

which resembles the data mode sequence, except that there is no

If the 212A is in
the originate mode, the transmitter is activated as soon as the

far end data set, and no answer tone sequence.

When the carrier detector acquires the
signal, the CF (RCD) circuit turns ON, and 765 + 10 milliseconds
later, the CB (CTS) circuit turns ON, allowing transmission and
receptlon of data by the 1oca1’§?rm1ni% ‘equipment. If the 212A
1s in the answering mode, both CF and CB turn ON when the carrier

detector turns on.

test mode is entered.

The speed mode of the test can be changed
during the test, in which case the 212A will turn OFF CB (CTS) and

CF (RCD) and reinitialize the test sequence in the new speed mode.
The Ring Indicator (CE) circuit is operatlonal during the Analoa

i

If the 212A is bonflgured to opera?e in the 1200 bps méde

1n the hlgh-speed ;ode is not allowedif:

If the data se@ is configqured for'make busy, the telephone
llne will be placedf%n the busy state: durlng the Analog Loop
Figure 1 shows the internal conflguratlon of the daﬁa set

durlng the test.
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ANALOG LOOP TEST
FIGURE 1
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9.2 Analog Loop - Self Test

The test is initiated by manually activating AL and ST command.
Internal to the data set, an analog loopback is established in the
same way as the Analog Loop test mode, except that the customer
interface circuits DSR, CTS, and RCD'are clamped OFF and Rx data is
clamped to mark hold. The 212A generates a test pattern of scram-
bled alternating ones and zeros which is applied to the transmitter
being tested, and an error detection circuit is placed on the
received data circuit. If the AL/ST test is performed in the
low-speed mode, the error detection circuit causes the error LED
to blink ON if the bit length of a received data bit exceeds the
nominal length by more than 25% of a nominal bit length. If the
212A is in the high-speed mode, the error LED will blink ON if a
bit error is detected in the received data. For either kind of
detected error, the LED remalns ON for approximately 300 milli-

seconds. Flgure 2 shows the 1nternal conflguratxon of the data
set during the test mode.

9.3 End to End Self Test

This test can be used to: check the operatlon of the local
modulator/demodulator, the far~end modulator/demodulator, and the
integrity of the communlcatlonvchannel in each dlrectlon inde-
pendently.t No terminal equlpment is needed at. efther data statlon.
The Self Test mode in the 212;foverr1des the con;rtlon of the Data N
Termlnal eady (CD) C1rcu1t f'Qm the terminal, ffgcxng it to the
ON condlt?on internal to the Wata set. The ST f”ature is enabled -
before Orfdurlng the data modé§establlshmqukexegpt if the
termlnalséare not connected, gr if circuit”CD 1s§not ON, in which
case the! %? feature would hav§ to be enabled befdre the data mode.

The error’detectlon circuit at each end monltors the received

..4(

error is detected or the dlstortion threshold ls exceeded Each
data set sends the test pattern of scrambled alternatlng ones and

if
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‘~ESEE;/ Also, aq the far-end data. s t the customer lnterface

zeros through the communication channel to the other data set,
with both d{gegtions of transmission occurring simultaneously. é/ -~
Either speed mode can be checked with the End to End Self Test 1f 'ﬁ

selected. Flgure 3 shows the internal conflguratlon of the data
sets during the test.

9.4 Remote Digital Loop

This test is used to remotely'condition the far-end 212A to
act as a repeater for the data being transmitted by the local 212A.
The test is only effective when the 212A is in the high-speed mode.
The Remote Digital Loop test canonly be initiated at the local 212A
by manually enabling the RDL function. * The digital loop will take
place at the far-end data set. To digitally loop an unattended
data set, that station must be optioned for Automatic Answer and
have the CD (DTR) circuit ON. Wheﬁ,the test is initiated, the
local 212A turns OFF the CB (CTS) circuit until the digital loop

through the far-end is established. At the far-end data set, 2 o

the interface circuits CB (CTS), Cé(RCD), and CC (DSR) are

turned OFF for the duration of thevtest. The test lamp is illu- ,
minated at both ends during the test. The space discohnect v
feature is dlsabled overriding the ‘Receive Space Dlsconnect v
optlon in both 212A s. At the faryend data set, the Loss of =

AY
A3
«————.—““— ———

Carrler Dlsconnect option is forced ON during the test;mode and
for the remalndbr of the time that'the data set is in the data . -

-r“'—-“

‘rldden 1nternally éb the ON
state during the test, and revertsﬂback to customer~co§trol when

circuit Data T%rmlnal Ready is oved

the test mode ﬁs terminated. '},;%;

;fRemote Digital Loo test the local termlnal
equipment can transmlt data to theéfar -end and monltoj the local

During th

received data, whlch should be a. dupllcate except forma delay
time equal to the total round trlp delay.
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A Remote Digital Loop test is not allowed if the Transmit

Timing Slave option is installed at the originating modem. Figure

4 shows the internal configquration of the data sets during the
test mode. |

9.4.1 RDIL Protocol

Signals controlling the application of RDL may only be
transmitted after the synchronizing handshake has been completed.

As in Recommendation V.54, the modems are referred to as
Modem A (Origination Modem) and Modem B (Answer Modem).

When Modem A is instructed to instigate a RDL, the modem

shall transmit an initialization signal* of unscrambled Binary 0.

Modem B shall detect 154-231 ms of the initialization signal,

and then transmit to Modem A scrambled alternate binary ones and
zexro (reversals) at 1200 bps.

Modem A shall detect7231-308 ms of scraﬁbled reversals, cease
transmission of the initialization signal, and then transmit
scrambled Binary 1 at 1200 bps.

——._ -
B e e —

Modem B shall detect the loss of lnltlallzatlon signal and ;
actlvate the loop within Modem B.

Modem A, upon rece1v1ng 231-308 ms of scrambled Binary 1, ‘3
shall 1nd1cate to the DTE that it may begzn %endlng test messages.

3.
i

%odem B is 1nstructed,to terminate a reﬁ?

llne $ignal from.Modem A 1s suppressed for a

by ma%ually dlsabllng th@ 'RDL function, afte;;whlch transm1551on?‘
shall ‘be restored. §§ &1 ‘

33 st""‘ Eiie
Modem B detects the loss of line SLgnaE ‘in 17 £ 7 ms and

detects'the re—appearance of the signal w1th1n 155 + 50 ms, afte |

?%1t returns to normal operation.

iperlod of 77 + 10 mél
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~ 9.5 . Remote Digital Loop - Self Test

This test allows the local attendant to verify the operat.on
of both local and far-end 212A data sets and both directions of
the connecting communications channel without local terminal
equipment. The data path from the local 212A to the far-end 212A
and back again is the same as in the Remote Digital Loop test,
except that in this test the data pattern consisting of scrambled
alternating ones and zeros is provided by the local 212A and is
checked for accﬁracy by the local 212A. The customer send data
circuit is ignored at both of the 212A data sets. To condition
the 212A for this test, both the ST and RDL functions must be
enabled, either before or durlng the data mode (hlgh—speed only),
in either order. The far-end data set must have CD (DTR) ON and
the Automatic Answer option enabled. At the local 212A, the
interface cifcuits CC (DSR), CB?(CTS), and CF (RCD) are turned OFF
for the duration of the test. These same circuits are also turned f
g"%? OFF at the far-end data set. Aé both data sets, the Data Terminal =Q;
| Ready c1ﬁ531t is forced to the ON state internally, and the r%'
customer CD circuit is 1gnored.? At the local data set, the error
LED 1nd1cates an error in the looped test pattern by flashing ON
for approx1mate1y 300 mllllseconds. When the RDL- ST test is .
completed, the ST and KDL functLons are released and the data
sets are returned to the normal hlgh—speed data mode (CCc, CcB, CF

— —— .
[

»*Zit ON) . Flgure 5 shows the 1nternf1 configuration of the data sets
| during the test mode. o | |

9. 6 Dlgltaﬁ Loog

The 212A can be manually cl ﬁdltxoned to loop the received
data back tczthe transmitter 01f

the 212A fréh.a remote 1ocatioﬁ%  When
the functlon is enabled, the 212A will be optloned for Automatic

Answer IN with customer c1rcu1t_CD (DTR) lnternally forced to
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the ON state, and will loop the received data back to the
transmitted data circuit, and connect the received timing to the
transmit timing when in the data mode. Also, the interface
circuits CC (DSR), CB (CTS), and CF (RCD) will turn OFF. The
test lamp will turn ON indicating that the data set is in a test
mode. The local data set can then be tested from the far-end by
using terminal equipment at the far-end to transmit a test r
pattern and examine the looped data. At the far-end data set,
all interface circuits will behave normally as in the data mode.
At the conclusion of the test, the DL button is released, and the l
local data set is returned to the normal data mode automatically
with control reverting to the customer *CD (DTR) circuit. At the
local data set, the Loss of Carrier optioﬁ is forced ON for the “

duratlon of the test and the remainder of the time that the data
set is in the data mode.

The Digital Loop test cannot be used in the high-speed mode LF
— =P if the far-end 212A has the Transmitter Timing Slave option
installed.

At the end of the test, the far-end station caﬁ cause the
local 212A to disconnect by hanglng up the telepbone connection
after transferrlng to the talk mode, causing a loss;of carrier. o
The local 212A is condltloned td disconnect on the Loss of | | f;
fé;;;, carrier by the DL function. Fi%ure 6 shows the 1nternal conflgura; i;uéf
Tt tion of eachgdata set during thé test mode.

9.7 D;g;taléLoop - Self Test

This test is the same as the Digital Loop tesf.except that the a;g
test pattern-ls supplied by the*far—end 212A 1ntern?lly, and the |
looped data are checked by the far-end data set. AE the far-end

212A, the ST function is to actlvate these functlons, and turn OFF

the customer circuits CC (DSR), CB (CTS), and CF (RCD) for the
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~ duration of the test. At the far-end, the customer CD (DTR) |
circuit is forced ON internally, and the interface CD circuit is
ignored. The error LED at the far-end acts as an indicator for
the quality of the looped data by flashing ON whenever a received
error occurs (high-speed) or the distortion of a received data
bit exceeds 25% (low-speed). At the end of the test, the ST and
DL functions are disabled and both data sets revert to the normal
data mode if the customer CD circuits are ON. At the local 212A,
the Loss of Carrier Disconnect option is forced ON for the duration
of the data call. Figure 7 shows the configuration of each data
set during the test mode.
9.8 Customer Test Interface Summary
TEST ' SELF - TEST 1
- | | TveE ANALOG prerraL) iANALOGI END-TO-END(2) | p1GITAL(3) ‘
: t : T "
- | oo o o |wast] srasr  fouesanoes]
MODEM ' . '
I /o ) LOCAL | LOCAL | REMOTE [LOCAL l LOCAL | REMOTE l LOCAL | REMOTE '
i DSR ! ( ON OFF | ' OFF ' OFF OFF ‘-OFF OFF ‘
I CTS ‘ ON ‘ ON 0FF| OFF | OFF | OFF ' OFF OFF ‘ |
' RCD - | 'ON l ON ‘ OFE.;‘ OFF l OFF " OFF OFFpol e
l TXD I 'DATA l DATA (4) ' (4) ‘ (4) [ (4) 4). ‘
RXD . I l MARK l MARK \!ARKI
DTR ‘g [ ,(i) | (4) (4)"“5?
i B 1
ptes: l. DL Depressed at Remote or RDL Depressed
‘ at Local
2. ST Depressed at Both Local and Remote
3. Either DL at Remote, ST Local or RDL
and ST Local .
4. TIanored by 212A
/
h g : ’ . 1
ol . - REV
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= 10.0 STATUS INDICATORS
Eight (8) LED indicators shall be provided.
MB Make Busy ON in AL Test
TD Transmit Data ON in Space Condition
ER Exrror Flashes or ON in ST When Errors
- Occur
HI HI/LO ON for 1200 bps Operatlon
MR Modem Ready ON After Mode Goes On’Hook IX9/
RD Received Data ON in Space Condition
™ Test Mode ON When Any Test is Performed
TR Terminal Ready ON WHenn DTR is Enabled
11.0 PUSH BUTTONS
- —> :
~, ¢ DL Digital Loop-Back
TLK TALK/DATA
t-ST Self Test . |
~HI HI/LO Speed (1200/300) B
RDL -Remote Digital Loop-Back V,£;
AL g*,‘Analog Loop-Back ﬁ; | | ;
Dlrgun s 7 ’ _|IREV
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12.0 DTE INTERFACE
- TABLE
Interchange Circuits
Circuit . .
Circuit CCITT Interchange ¢1rcu1t
N Description
o.
AB 102 Signal Ground or Common Return
BA 103 Transmitted Data
BB 104 Received Data
CB 106 Ready for Sending
cC 107 Data Set Ready .
108/1 Connect Data Set to Line (CCITT)
CD 108/2 Data Terminal Ready
CF 109 Data Channel Received Line Slgnal
Detector ;
111* Data Signaling Rate Selector
(DTE Source)
DA 113 Transmitter Signal Element
Timing (DTE Source)
DB 114 Transmittér Signal Element
Timing (DCE Source)
DD . 115 Receiver Slgnal Element Tlmlng
_ }4 (DCE Source) :
CE | 125 Calling Indicator 1
‘ i, 140* Remote*Lbébback
CN o141 Local Loo?back/M B. i
{ 142* Test Indliﬁtor W]“%%
CI ;E‘ Speed Mo@ﬁ;lndlcatlon (From DCE)
L8 SRR J@

20—
8"‘

N/A
24 —
15 ¢

17 —.

25 =~

12 —

*The nuﬁbers with asteriskséﬁre CCITT recommendétion V.22,
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13.0 DATA CALL TERMINATION

13.1 Abort Disconnect

The Abort disconnect feature is not optional, but is always
activated when when the 212 enters the data mode as an answering
data set. From the time that the CC (DSR) circuit turns ON,

received carrier must be detected within 17.87 + 0.15 seconds or
the data set will go On Hook.

13.2 DTR Disconnect Option

The local 212 enters an irreversible disconnect sequence
when the Data Terminal Ready (DTR) circuit is turned OFF during
the data mode for more than 50 milliseconds, unless the data set
is in certain test modes. If the Long Space Transmit Disconnect
option is not enabled, the Data Set Ready circuit will turn OFF
68 + 10 milliseconds after the CD (DTR) circuit turns OFF. If the
Long Spaee Transmit Disconnect option is installed, then the data
set enters the space transmit sequence, which is detailed in Section
13.4. The CD (DTR) circuit can be turned ON any tlme after the 50
mllllseconds required for the OPF interval.

See Appendlx A, Figure ZA for Timing Dlagram.

3

13.3 Carrler Fa11 Dlsconnect @ptlon fi?é

hlS optlon when enabledgcauses the 212 to éermlnate a data
call when q substantlal loss“oﬁ received carrier. energy is detected
The customer interface c1rcu1ts CC (DSR) and CB (QTS) will turn OFF

433 + 17 mxlllseconds after thedcarrler falls belcw the preset
threshold ( =30 dBm or -45 dBm)

If the carrier 1§:1nterrupted for

less than 175 milliseconds, a dlsconnect will not;occur, if a o
carrier 1nterrupt lasts for more than 307 mllllseconds, a dlsconnect %

will occur.v The CF (RCD) cxrcult turns OFF 17 + 7 mllllseconds

B R O
g
Sl
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after the loss of carrier, and turns ON 155 + 50 milliseconds after

the carrier is present at the receiver. If the 212 is put into

the Digital Loop test mode (RDL or DL), this disconnect option is
forced to the enabled condition.

" See Appendix A, Figure 2A for Timing Diagram.

13.4 Long Space Transmit Disconnect Option

When this option is enabled, the space transmit sequence 1is
initiated by either of two conditions:

1) Customer interface circuit CD (DTR) is turned OFF
for at least 50 milliseconds.

2) The Loss of Carrier Disconnect -option—ts=enabled-—
and the carrier detector has turned OFF for at
least 307 milliseconds. |

The space transmit sequence ‘begins after one of the above

- events has occurred. The transmit data to the modulator is clamped

to a space condition and the CF (RCD) circuit is turned OFF.
After 3.95 % 0. 15 seconds has elapsed the 212 will go On-Hook

and CC (DSR) turns OFF. The sequence cannot be 1nterrupted by any
condition of }he DTR circuit or a restoration of reqelved carrier
energy. E ' !

WﬁAL b e £ ¢

See‘Apﬁéndix A, Figure'BA and 4A for Timingabiégram.

by o

13.5 Lonqupace Receive Dlsconnect f~§§'

81}

When t e Receive Space Dls;cnnect option 1s enabled the 212

will go On—Hook when the recelved‘data circuit deteqts a scrambled
(L é%,
§;

Remote Dlgltal Loop feature is enabled in the 212 bggthe RDL front
panel pushbutton, the Long Space ‘Receive Disconnect: optlon is
overridden. At a 212 which is put into the Digital" Loop test mode,

PR SN S SN e e
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as long as the 212 is in the test mode.

See Timing Diagrams for all other features (Appendix A).
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this option 1is similarly overridden. These overrides exist only
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ORIGINATING STATION

SET ENTERS DATA MODE EITHER MANUALLY OR

CALL BY ACU (THIS INTERVAL=100 - 200 ms FOR ACU)
ORIGINATED \\
[
CcC (DSR) ‘
g ;100—
200,9_,
CF (RCD) ms
{ l
ON l l 426 ms.
TRANSHITTER l [“-446 > S | DATA SENT
‘ le- 755 7#&270H7‘
- ms
CB (CTS) | ! *1
| INTERNALLY | —
BA (D) = CLAMPED BY CB —3’? DATA
| } . | ‘
l
BB (RD) ==~ CLAMPED BY CF——m=a- UNCLAMPED [=s—DATA RECEIVED
(. ‘ |
[ |
ANSWERING STATION | | ‘
SET ANSWERS EITHER AUTOMATICALLY AT END OF | |

RINGING CTCLE OR MANUALLY 1

I

l

l

l

o
-i

|

CC (DSR) l l
“ ‘ 2.0 SECOND | l
TRANSMITTER -eal Iﬁ%%%@XL éa—FZM SENT '
OFF | 2 _ 1 (2225 Hz) = [ D[ATA SENT
CF (RCD) ;,, |
CB (CTS) J ?:
ji ~e—————INTFRNALLY eLAMPED BY CB "N DNATR
BA (TD) - .l.kg RATA \<§§§§\
1 » I
2 . ‘?'
i «Ek—~———-CLAMPED BY CF —_—d ;
BB (RD) §§3DATA RECEIVED_

 Figure 1A - 212A LOW SPEED CONNECT SEQUENCE

CD ON:

EITHER AUTOMATIC OR MANUAL

OPERATION



. . UKLUOLNALLING D1ALLUN

g - ,
SET ENTERS DATA SET MANUALLY OR BY
. ACU (THIS INTERVAL=100-200MS FOR ACU)
- CALL !
ORIGINATED l\a —
L \ X \:{ !
CC (DSR) T
ol 231 [
| 308ms
ON } !
-OFF ' !“"‘508-626ms—3‘ P1M*; SENT | pATA SENT
TRANSMITTER —t—— 1sn = ke l
| { f@ﬂfat - . | |
| - [ ‘ z | == 77 4ms>
CB (CTS) l ‘ . ‘
- |INTERNALLY CLAMPED BY K CB— 3-&‘9‘;\?@3
BA (TD) | t l i ro
{ l 1 \ //Irr///rlzﬁ
- CLAMPED BY CF == |BATA RECEIVED
BB (RD) ! ! ! | :;/;111411/
¢ | A l '
I ‘ 1 *
1 - l | !
| | | , {
ANSWER STATION l ‘ : l ;
SET ANSWERS AUTOMATICALLY AT END OF I . | |
. RINGING CYCLE OR MANUALLY , | ‘ I
- (44 i : g l ‘ ‘
~ cC (DSR) 2.0 SECOND: | e ; s !
- ON| SILENT —
. : INTERVAL =&~ 2225 Hz SENT——==P2M SENT| . DATA SENT -
TRANSMITTER OFF ;
? e } = 231- Fﬂ" [
| 308 msy | | ‘
—==1774 ms [
CF (RCD) ‘ |
ce (cts)| — AU
INTERNALLY CLAMPED BY CB—f—=={\ ,5AT;§\\
5 AdAT i ' e~

*glu IS THE LOW BAND EHASD SHIFT KEYED SIGVAL REPRESENTING

K‘HARKING DATA SEOUENCE PZM IS TIE SI@ILAR SIGNAL IN THE
HIGH BAND. g2

Figure 2A - 212A HIGH SPEFD CONNFCT SFQUENCE
) - | | CD ON; EITHER AUTOJATIC OR MANUAL OPERATIOV



CD DISCOMNECT

CD (DTR)

1

250 ms‘<=—  *CD MUST BE OFF EITHER
| FOR A MINIMUM OF 50 ms OR

cc (DSR) 4 UNTIL CC GOES OFF TO

— = 57-77 md==—  GUARANTEE DISCONNECT
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