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The wires or lines that connect subscribers 
to the central office are the most ineffi-
ciently utilized portions of the telephone 
system. Concentrators and multiplexers are 
used to increase line efficiency. 

Anong the original patents on 
line concentrators, the fol-

lowing definition was given: "A line 
concentrator is essentially a switching 
device which provides for connections 
between a large plurality of subscriber 
lines and a small plurality of talking 
trunks." These subscriber lines can be 
either physical lines or carrier or multi-
plex channels. Similarly, a multiplexer 
is a device for combining a number of 
individual message circuits for trans-
mission over a common transmission 
path. When used outside the central 
office (C.O.), both concentrators and 
multiplexers require fewer physical cir-
cuits to the central office than there 
are subscribers in the field. 

For subscribers located at a con-
siderable distance from the central 
office, the cost of physical circuits for 
each subscriber, and the time needed 
to install them, becomes quite sub-
stantial. This is especially true when 
dealing with a rapid influx of new 
subscribers. Both concentrators and 
multiplexers can provide this needed 
new service quickly and economically. 
But, they each provide this service in a 
different way and the grade of service 
is affected by different factors. 

Multiplexers provide a trunk to the 
C.O. for each incoming voice or data 
channel by sharing frequency bands 
(FDM) or time slots (TDM) on a 
predetermined basis. Thus a multi-
plexer has the same instantaneous 

total input and output rate capacity. 
Concentrators, on the other hand, use 
a sharing or switching scheme in which 
some number of input channels share a 
smaller number of output channels on 
a demand basis. Consequently, it is not 
possible to have all concentrator sub-
scribers using their phones simulta-
neously. For this reason, statistics and 
queuing play an important role in the 
planning and use of concentrators in 
an attempt to insure that trunks are 
available when needed. 

Traffic Loading 
Traffic loading has to be considered 

when planning to use a concentrator 
for service to remote locations. Tele-
phone service is discussed in terms 
such as CCS, or erlang, for measuring 
traffic, and often refers to a grade of 
service as P(.01). The CCS stands for 
one hundred call-seconds, or the use of 
one telephone line for 100 seconds. 
Since there are 3,600 seconds in an 
hour, the maximum possible traffic 
rate on an individual line is 3,600 
call-seconds per hour or 36 CCS (or 1 
erlang) per hour — this would be 
continuous usage of the line. The term 
"P(.01) grade of service" refers to the 
probability that one call out of one 
hundred may be blocked due to lack 
of a free trunk. Similarly, a P(.02) 
would mean there is a probability of 
two calls out of one hundred being 
blocked; P(.03) of three; etc. Good 
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central office practices call for a P(.01) 
grade of service during the busy hour 
of the average day. 

With a multiplexer, the grade of 
service of the C.O. is not affected and 
is only a function of the traffic load-
ing. While with a concentrator, the 
grade of service is a function of the 
C.O. traffic loading and the traffic 
loading at the remote concentrator. 

If a P(.01) grade of service is to be 
maintained, the number of subscribers 
that can be accommodated on a single 
concentrator system is limited, and is 
dependent upon the amount of tele-
phone traffic that each subscriber gen-
erates. The actual traffic will vary 
from day to day and hour to hour, but 
there is an average that can be statisti-
cally determined. Service will only be 
degraded to more than one call in one 
hundred being blocked during the 
worst peaks of traffic, such as holidays 
and local emergencies when the calling 
rate exceeds this statistical average. 

The number of subscribers that can 
be served by a concentrator is also 
dependent upon the type of service 
offered. For example, a concentrator 
system with a P(.01) grade of service 
designed to serve 96 single-party sub-
scribers, under certain traffic condi-
tions may only accommodate 72 two-
party lines or 48 four-party lines. 
Combinations of single-, two-, and 
four-party lines can be served by the 
same concentrator, but the total num-
ber of lines offered decreases, for 
example, to 36 single-party lines, 24 
two-party lines, and 24 four-party 
lines. Figure 1 shows the chart used to 
determine the number of subscribers 
in this specific example. 

To minimize the number of cable 
pairs between a remote location and 
the central office, it is possible for a 
concentrator system to include a mul-
tiplexing technique — transmitting 
more than one signal on the same 

transmission channel. For example, a 
concentrator system that requires 24 
cable pairs can serve the same number 
of customers with only 4 cable pairs if 
the concentrator is used in conjunc-
tion with a subscriber carrier system, 
such as the GTE Lenkurt 82A. An-
other concentrator arrangement uses a 
single (two pair) PCM (pulse code 
modulation) repeatered line. Figure 2 
shows these concentrator arrange-
ments. 
A multiplex system such as the 

GTE Lenkurt 910A uses a PCM line to 
serve 24 customers over two cable 
pairs, or 48 customers over four cable 
pairs, and provides each of these cus-
tomers with total access to the central 
office at all times. Each of these 24 
single-party lines can be used for two-
or four-party service, making it possi-
ble to increase the number of sub-
scribers to 96 per two cable pair. 
Figure 3 shows the line arrangement 
using a multiplexer. 

If the area served by a remote 
concentrator or multiplex system 
grows to the point where it is econom-
ical to put in a central office, an 
existing PCM multiplex system can be 
used to provide the trunks between 
central offices. The concentrator 
equipment may have to be removed 
and additional multiplex equipment 
put in for inter-office trunk require-
ments, if there are not enough cable 
pairs available. 

Simultaneous Requests 
Simultaneous originating and termi-

nating requests made on a concentra-
tor must be queued (lined up) and 
served preferentially. The concentrator 
may be simultaneously summoned by 
more than one line at the remote 
terminal requesting connection to the 
central office network. It is also pos-
sible for two or more callers to initiate 
termination requests that reach the 
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Figure 1. Traffic loading charts like this are used in determining the maximum 
number of subscribers that can be served by a concentrator. 
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Figure 2. The number of cable pairs required for use with a concentrator varies 
with the addition of other equipment, such as a subscriber carrier system or a 
PCM repeatered line. 

5 



24 SINGLE-
PARTY 
SUBSCRIBERS 

PCÍV 
IL IM1INAI 

PCM REPEATERED 
LINE (2 CABLE PAIR) 

II InlINAL 

TO C.O. LINES 
AND 
TERMINALS 

Figure 3. Using PCM terminals by themselves, it is possible to "concentrate" 
signals on two cable pairs but still provide total access to the central office by all 
subscribers. 

concentrator simultaneously from the 
central office. If the concentrator is 
only able to serve one call at a time, a 
preference and lockout arrangement 
must be incorporated into the concen-
trator's design. Where the simulta-
neous requests originate at the same 
point, an electromechanical device is 
sufficient to provide the necessary 
preference and lockout. This switching 
device must be capable of recognizing 
the lines requesting service, deter-
mining which is to be served, remem-
bering the identification of the served 
line, and preventing others waiting to 
be served from interfering. Concentra-
tor switching is done in segments 
which simplifies the queuing process 
but limits the subscriber's access to the 
C.O. trunks. Instead of having access 
to all the C.O. trunks, he only has 
access to a fraction of them. 

Some concentrators are also de-
signed to recognize requests for service 
between two parties served by the 
same concentrator. Therefore it is not 
necessary to tie up central office 
equipment or the trunks to the central 
office, except for dialing. Once the 
C.O. terminal recognizes an intracall, 
the call is connected through at the 

remote terminal of the concentrator. 
Once these intratrunks are used up, 
each subsequent call between any 
other subscribers using the same con-
centrator must be connected through 
the C.O. switching equipment re-
quiring two C.O. trunks. This could 
quickly degrade service if the area 
served by the remote concentrator 
functions as a small community, like a 
retirement community or a mobile 
home development where intracalls are 
frequent. Using a multiplex system, on 
the other hand, any two parties must 
be connected through the central 
office. This ties up the central office 
equipment, but would not prevent 
other subscribers at the remote termi-
nals from reaching the central office, 
since each multiplex subscriber has his 
own trunk to the central office. 

Assuming the called party's phone 
is not in use, the use of a multiplexer 
still does not guarantee that all calls 
will go through because concentration 
techniques are used throughout the 
switched telephone network, and have 
been for many years. It would be too 
costly and wasteful to have enough 
"lines" so that all telephone patrons 
could be talking simultaneously. Sta-
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tistics have shown that even at peak 
traffic periods, telephone usage is only 
about 50%. It is partially because of 
this proven usefulness of concentra-
tion techniques within the central of-
fice that concentrators were proposed 
for use outside the central office. In 
remote locations where there is a 
sudden influx of subscribers, but 
where there is not enough growth to 
warrant a new central office, and 
where there is not enough capital or 
time to put in cable pairs for each 
subscriber, concentrators and multi-
plexers both seem to offer workable 
solutions. 

Final Choice 
The decision to purchase concentra-

tors or multiplexers is based on a 
variety of factors regardless of whether 
the information being transmitted is 
voice or data. There are some applica-
tions where the choice is obvious 
because one or the other, but not 
both, will do the job required. With 

voice transmission, the choice usually 
depends on such subjective things as 
the quality of service — how often is a 
call actually blocked when using a 
concentrator? Statistics are fine for 
predicting the average traffic loading 
and the resulting quality of the service, 
but once installed, who's to say wheth-
er the actual use will be anything like 
the predicted average. With a multi-
plex system, each subscriber can have 
his own private line to the central 
office and the switched network, and 
statistical traffic loading at the sub-
scriber end is no longer a consideration 
for the system planner. At this point, 
cost becomes a major factor, not only 
in the cost of the equipment but also 
in the facilities needed for installation, 
plans for future expansion, necessary 
routine maintenance, and periodic 
traffic studies. Both concentrators and 
multiplexers make more efficient use 
of cable plant, but in some applica-
tions, one will be more efficient and 
economical than the other. 
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Our Pal Subscriber Carrier 
installation took two men and 
four cable pairs. And made 
forty-eight customers happy. 
For complete information about our 910A PCM Subscriber Carrier, 
write GTE Lenkurt, Department C134. 
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VIDEO, VOICE & DATA 
TRANSMISSION SYSTEMS 

The GTE Lenkurt Demodulator is circulated monthly to selected technicians, engineers and 

managers employed by companies or government agencies who use and operate communica-

tions systems, and to educational institutions. Permission to reprint granted on request. 




