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Tl carrier pmvides 24 voice channels by time division multiple:~:ing 
and pulse code modulation (PCM ). Each voice channel is sampled 
8000 times a second and ea.ch sample is coded into a 7-digit binm·y 
word. P1·ovision for signaling and . synch1·onization mises the p'ttlse 
repetition rate on the Tepeatered line to 1.544 x 106 pulse positions 
pe1· second. The bipola1· pu.lse train out of the tenninals is tmnsmitted 
over pulp, pape1· or plastic insulated paired cables by the use of 1'e
genemtive repeaters. For 22-gauge cable pai1·s, 1·epea.ters m·e no1'1nally 
located at 6000-foot intervals. 

The system has been designed fo r low cost and is being widely ap
plied on many bi.tnks inte1·connecting switching units within metTo-
1Jolitan aTeas. Westem E lect?-ic Company manufactu1·e of Tl began 
in 1962 and about 100,000 channels m·e now in service th1·oughout the 
Bell System. 

I. I NTRODUCTION 

The rapid expansion in the telephone network that has occurred 
since 1950 has st imulated a thorough investigation of methods for 
reducing t he cost of additional trunk facili ties. T he desire to improve 
the quality of telephone service has given additional emphasis to 
studies of improved trunking arrangements. One way to obtain addi
tional trunks for growth is to increase the uti lization of existing con
ductors by using them to transmit more than one voice signal. For 
such an arrangement to be economical, t he savings from the more 
efficient use of t he transmission line must more than offset the cost of 
the terminal equipment required to multiplex a number of voice 
channels. On trunks between cities, carrier systems (systems t rans
mitting a numbe1· of voice channels) have been economical for many 
years. The lower terminal co "ts achieved in t he Tl carrier system 
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Fig. 1 - Typical T l carrier system. 
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T l CA RRIEH 1-!07 

have made carrier systems economically attractive for the longer 
trunks between local offices within a city. In a large number of situa
tions the T1 carrier system will prove-in over voice frequency circuits 
for distances longer than 10 to 12 miles. Satisfactory performance is 
achieved over lengths up to 50 miles, and the performance over 
longer lengths is being evaluated. 

A major contributor to the low terminal costs in Tl is the economy 
with which the signaling information required to control the switching 
equipment can be transmitted in a digital system. In most carrier 
systems the digital signaling information is converted into analog 
tones for transmission. In a digital system the signaling information 
can be added directly to the coded speech samples with the saving in 
digital-to-analog conversion of the signaling information. Additional 
economies are achieved by an instantaneous compander shared by a 
number of channels rather than individual channel syllabic com
panders as used in some carrier systems. 

The Tl carrier system now being manufactUl'ed by the Western 
Electric Company is a refinement of the experimental P CM system 
described in the J anuary, 1962, issue of this JoUl'naJ.l-5 The basic 
system plan and the fundamental circuit approaches remain un
changed. 
It is convenient to consider a PCM system as being composed of two 

parts - a PCM terminal and a digital transmission line. For regular 
telephone trunks, the PCM terminal for the T1 system is the D1 chan
nel bank. The D1 channel bank combines 24 voice channels in a t ime 
division multiplex and encodes them in a scale of 127 quantized 
amplitude levels (63 steps positive and 63 steps negative from zero) 
into a single pulse t r·ain. In the receiving direction, it reconstructs the 
analog speech signals from the incoming pulse st ream. Other terminal 
anangements are being provided which prepare wideband data sig
nals for transmission over T1 repeatered lines. These terminals are 
discussed in a companion paper.6 

The T1 repeatered line consists of cable pairs equipped with re
generative repeaters at appropriate spacings. At the end offices, and 
at intermediate offices along the route, each repeatered line passes 
through an office repeater which provides a regenerator for the incom
ing signal, powering circuits for the line repeaters, access jacks for 
patching, monitoring jacks, and cross-connection points for route 
flexibility. A block schematic of a typical T1 carrier system is shown 
in Fig. 1. 

ARRIS883IPRI0001328
f 

 

Find authenticated court documents without watermarks at docketalarm.com. 

https://www.docketalarm.com/


1408 THE BELL SYSTEM TECHNICAL JOURNAL, SEPTEMBER 1965 

CLOCK SIGNAL 

___ J1JlJlJUU1IlflJ_~_ 

DIGIT TIMING SIGNALS 

D1 __ J n L.-__ ____ ]L_______JL___J __ _ n 
D2 ___ j] n n L--- ---~---

I 
I n n I 

D6 ---
.______,,..____n_ ___ _____ll___ll__ __ _ 

CHANNEL TIMING SIGNALS 

CH 13 ---
_____ ___.n_ 

CH 2 _______ ___JnL ___ _ 

I 

C)24-------------------__IL__ __ _ 

TYPICAL PAM SIGNALS AT ENCODER INPUT 

-l ENCODE If- _,ENCODE 2f- ~ENCODE 12fc-

GRI 

- ..jENCODE 13~

GR2-----~~========i_- - - ..jENCODE 24L.. __ 
r- r---

TYPICAL COMPOSITE SIGNAL AT CON VERTER INPUT 

TYPICAL LINE SIGNAL 

---~---~---

Fig. 2 - Dl bank pulse trains used in multiplexing and encoding. 
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'l'l CARRIER 1409 

ll. Dl CHANNEL BANKS 

:u Gr01tp and Channel Circuits 

Most of the transmission functions in a D1 channel bank are per
formed in a block of circuits shared by a number of voice channels. 
These group circui ts may be di\'ided into two sections- tmnsmitting 
and receiving. T he t ran mitting group equipment samples the incom
ing voice signal for each channel, multiplexes the sample in time 
division, compre e and encodes the samples, combines the encoded 
sample with signaling in formation, and prepares the pulse train for 
transmi sion over the line. Fig. 2 shows the more important pulse 
trains involved in this process. The receiving group equipment accepts 
the incoming pul e stream, separates the signaling information from 
t he coded samples, decodes and expands t he speech samples, demulti
plexes them , and reconstructs the voice signal. Thus, the group equip
ment provides 24 voice channels plus 24 signaling channels in each di
rection. Each signaling channel has a t heoretical capacity of 8 kilobits/ 
second. In some situa tions- revertive pu lsing and foreign exchange 
lines- addi tiona l ·ignaling capabi li ty i obtained by using the least 
::;igni ficant* speech digit when ::;pecch would not usually be present. 

The channel uni ts shown in F ig. 1 a re used to match the voice 
and signaling paths provided by tho group equipment to the require
ments of t he individual switching circuits to which each channel is 
connected. 

A block schematic of the group circui ts is shown in Fig. 3. Consider 
fi r t the tran mitting direction shO\m in the uppet· half of the sche
matic. The tran mission circuits in heavy lines come in at the lefl 
side from 24 plug-in channel units not shown. Six channels connect 
to each of four transmitting gate and filter plug-in units. Each gnte and 
filter uni t contnin ix low-pac;;s filters and six sampling gates. The 
four gate and filter uni ts a rc arranged in two pairs, a pair for each of 
two 12-channel group . The ampling t imes of t he two groups are in
terleaved so that group 1 channels are sampled at odd-numbered sam
pling times a nd group 2 channels at even-numbered times. Thus the 
channel appear in the PA1\I (pulse amplitude modulated) pulse train 
in the order: 1, 13, 2, 14, · · · 11 , 23, 12, 24, 1, 13, 2, 14, · · ·. 

The common output of each group of twelve gates connects to its 
own compressor, which reduce a wide range of input amplitudes to a 

• The seventh digit of a seven-digit binar~· code is the least significant since it 
offeets the coded amplitude by onl~· I part in 128. T he fi rs t digit affects the am
plitude by 64 parts in 128, the second by 32 parts, e tc. 
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