
OF A REMOTELY TRAFFIC ENGINEERING 
CONTROLLED SWITCHING SYSTEMS 

R. C. STONE, JR., J. A. SHEFT 

Bell Laboratories, I ne., Naperville, Illinois, U. S. A. 

ABSTRACT 

The lOA Remote Switching System (RSS) is a new 
member of the Bell System family of local 
Electronic Switching Systems (ESS), designed to 
economically extend modern telephone features 
and services to rural communities. The RSS 
connects to a host ESS with voice circuits 
terminating on the line side of the ESS switch
ing network, and data links over which super
visory signals and control information are 
interchanged. This allows the RSS to share the 
call processing and feature software of the 
host ESS. Calls originating or terminating on 
the RSS network experience an additional stage 
of switch blocking. This paper derives criteria 
for engineering the RSS network and voice 
circuits, taking advantage of the host ESS 
control of network path selection in order to 
economically provide for objective service 
levels. 

INTRODUCTION 

Extension of Electronic Switching Systems (ESS) 
into rural areas has always been a design 
objective of ESS designers. Large metropolitan 
and moderately sized suburban and rural a.reas 
have been enjoying the features and operational 
advantages of ESS for several years, while the 
buildup of ESS in small rural areas has been 
slow. The lOA Remote switching System (RSS) is 
a new switching system development that makes 
use of new hardware and software techniques to 

-economically provide modern telephone service 
for small wire centers (see Reference 1 for a 
description of the RSS). The RSS is basically 
a switching network remotely controlled by 
a -host ESS. The RSS and its host ESS are 
interconnected by a data link which allows 
supervisory changes to be passed to the host 
and control instructions to be passed from the 
host to the RSS. The RSS homes on the host ESS 
with a single large voice circuit group (called 
the channel interface circuit group), which 
terminates on the line side of the host ESS 
Switching Network (called the line link network, 
see Figure 1). 
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Conceptuaily, the RSS network is an additional 
stage of switching which extends the ESS 
network, using channel interface circuits for 
links, to a remote location. All call setup 
functions such as dialed digit reception, path 
selection, channel interface circuit s~lection, 
routing, charging, and custom calling call. 
processing are performed by the host ESS USing 
channel interface circuits to interconnect the 
RSS station and the host ESS line link network. 
By treating the channel interface circuit 
appearance on the ESS line-link network with 
the service and feature attributes of the RSS 
station, most call processing and many admini
strative and maintenance functions can be 
provided by existing software contained in the 
host ESS. The cost of this software is thus 
spread over all main stations associated with 
the host, resulting in an attractive RSS cost 
per main station. 

The host ESS provides a single point of control 
over the selection of RSS and host ESS network 
paths and for the selection of channel interface 
circuits. These components of the end-to-end 
connection are integrated into a single engineer
ing procedure. The objective is to arrive at a 
procedure for engineering the remote network and 
the channel interface circuits to insure that RSS 
and host ESS customers receive an equivalent grade 
of service. This paper describes the derivation 
of the procedure adopted for the engineering of 
the lOA RSS network and channel inter~ace circuits. 

RSS REMOTE TERMINAL 

The remote network is a space division 2-stage 
folded network consisting of line switches and 
channel interface switches followed by a distri
bution stage (see Figure 2). 
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The line switch is a concentrating 64x16 single 
stage full-access switch while the channel 
interface switch is a nonconcentrating 16x16 
single stage full access switch. Up to 16 line 
switches and 8 channel interface switches may 
be equipped on a single RSS frame. The distri
bution stage consists of 16 24x24 switches, and 
makes interconnections among the line switches 
or between line and channel interface switches 
through junctors. One hundred forty-four 
junctors interconnect the distribution switches 
within the module. Ninety-six junctors are 
used for interconnecting a second RSS frame, 
doubling the size of the RSS installation. 

Line scanning is performed on the line side of 
the network. All originations are detected by 
a scanner, and messages are sent to the host 
over the data link indicating an originating 
request. A microprocessor controller is the 
controlling entity for the entire remote 
terminal. It consists of a duplicated micro
processor and associated program. The micro
processor controller interprets and executes 
instructions from the host ESS such as in
structions for making network connections. 
Other functions include reporting supervisory 
changes to the host, various maintenance 
functions, and sequence control for the network. 

INTERCONNECTING CHANNELS 

The remote switching unit is interconnected to 
the host ESS over a single high occupancy 
channel interface circuit group. The channel 
interface circuits are required during the 
transient state of every RSS call, including 
dialing and ringing, and during the talking 
state for calls which originate or terminate 
outside the remote unit. Station-to-station 
calls within the RSS are reconnected solely 
within the remote network freeing up the 
channel interface facilities used during the 
transient state. 

OPERATIONS 

One of the unique characteristics of RSS 
operation is the role of the host ESS during 
call setup A call that originates in the RSS 
begins with a normal station transition to 
the off-hook state which is detected by the RSS 
scanner. A data message indicating the off-hook 
transition is sent over the data link to the 
host ESS. The host central control then 
selects a channel interface circuit and searches 
for an idle path in the remote network. Once 
the connection is completed at the RSS, the 
line supervision is transferred to the channel 
interface circuit and a normal line origination 
request is generated and detected at the ESS by 
the ESS line scanner. Existing software then 
processes the origination request, resulting in 
a connection in the host ESS to a digit receiver 
which provides dial tone to the calling customer 
in the RSS. 

The major advantage of having the host ESS 
rather than the remote unit choose which 
channel to use becomes apparent during instances 
of Blocked Dial Tone (BDT). If the first 
choice of a channel and digit receiver results 
in blockages due to ESS network conjestion, 
another digit receiver will be chosen. If the 
blockage is located in the host ESS network but 
outside of the first stage line concentrator, a 
retry using a different digit receiver will 
generally be successful. But, if the blockage 
is in the line concentrator, the retry will be 
unsuccessful until a customer disconnect in the 
concentrator occurs releasing additional 
network paths. In the case of a second trial 
failure at connecting a digit receiver to an 
RSS station, another round of retries is 
initiated. A new channel interface circuit is 
selected. This circuit will usually terminate 
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on a different ESS concentrator. Since 
the blocking is most likely due to congestion 
in the ESS line concentrator, as opposed to 
blocking in the remainder of the ESS network, 
this strategy is usually successful. Hence, 
the primary sources of blocked or delayed dial 
tone for the RSS station user are the RSS 
concentrator, channel interface circuit availa
bility, and digit receiver availability. 

Calls which are incoming to the RSS also 
benefit from retry channel selection. A call 
terminating on the RSS requires a channel 
interface circuit to complete the connection. 
Blocking caused by the line concentrator in the 
ESS network will result in a retrial using a 
different channel interface circuit. In ~his 
manner, for both originating and incoming 
calls, the effect of the ESS line concentrator 
congestion is negligible. This property 
enables the derivation of RSS engineering 
criteria which is substantially different from 
that previously used for pair gain systems such 
as the Subscriber Line Multiplexer (see References 
3 and 4 for information on engineering line 
concentrators). The following sections contain 
a discussion of the service objective and a 
derivation of the engineering criteria adopted 
for the RSS. 

SERVICE OBJECTIVES 

Service objectives are a set of standards 
established for guiding the traffic design, 
engineering and administration of telephone 
traffic systems. Service objectives that must 
be considered for the RSS design are Final 
Failure to Match (FFM) and Dial Tone Delay. 
These service objectives are related, and are 
strongly influenced by concentrator blocking, 
as discussed in the following paragraphs. 

FFM is a measure of the failure of the system 
to make a terminal-to~terminal connection 
through the network. In ESS, once the two 
terminals for a connection are identified, 
there is an exhaustive attempt to find a path 
to interconnect the two predetermined terminals. 
In the case of a failure, where one of the 
terminals is a service circuit such as a 
digit receiver or an interoffice trunk circuit, 
retrys are made by selecting another circuit 
and reattempting to make the network connection. 

Dial tone delay in the ESS is experienced when 
all digit receivers are busy, or there is netwqrk 
blocking such that retries are ineffective. 
The first case can be mod~led by the Erlang 
delay model, is well understood and, since the 
effect of all digit receivers being busy is 
identical for both RSS and ESS station origi
nations, will not be considered further here. 
The second case is generally caused by blocking 
in the portion of the switching network closest 
to the terminal where access to the network is 
still relatively limited, and is generally 
where the concentration stages of the network 
are located. This is known as concentrator 
blocking or blocked dial tone. In the No. 1 ESS, 
dial tone delays caused by concentrator blocking 
have been measured to be between 20 to 40 seconds. 
This result is understandable considering 
conversation holding times of 200 to 300 
seconds and the small number of paths available 
to the terminal in this portion of the network. 

Because of the long delays experienced due to 
concentrato'r blocking, networks must be designed 
and engineered for a low level of blocked dial 
tone if satisfactory service is to be provided 
to the customer. There is no established Bell 
System objective for blocked dial tone, however 
the authors have adopted performance of the No. 1 
ESS 4:1R concentrator as an acceptable minimum 
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BOT level for a " new network design (see 
Reference 8 for a description of the No. °1 ESS 
network) • 

As previously discussed, the primary " sources of 
Blocked Oial Tone (BOT) for the RSS station 
user are the RSS concentrator, channel interface 
circuit a~ailability, and digit receiver 
availability. The approach then is to engineer 
the channel interfac~ circuits and the RSS 
network so that the total blocking contributed 
by the RSS is comparable to or less than the 
blocking that ESS station users experience from 
ESS concentrator blocking. This procedure will 
provide dial tone service to RSS stations 
comparable to or better than service provided 
to stations connected directly to the host 
ESS. 

RSS NETWORK ANO CHANNEL INTERFACE CIRCUIT 
ENGINEERING 

A method for comparing circuit groups and 
network concentrators is provided by using a 
relationship familiar to trunk engineers and 
later modified for PBXs and COOs. This was 
originally described by Wilkinson in Reference 
2 and shows a relationship between Average Busy 
Season-Busy Hour (ABS-BH) traffic and the 
day-to-day variance of traffic on trunk groups. 
This relationship is: V(a)=Kam where a 
is the ABS-BH traffic average, V(a) is the 
day-to-day variance and K and m are constants. 
For line finder group traffic in COOs, K=0.13 
and m=1.47 give a good estimate of the variance 
V(a) of the busy hour traffic during the ABS-BH 
(References 5 and 6). Hence: 

(1 ) V(a)=0.13a1.47. 

Figure 3 shows the result of a simulation study 
of the blocking characteristic of the 4:lR 
concentrator. The concentrator is engineered 
for an average B link occupancy of .4 or 
average traffic level of 6.4 Erlangs on the 16 
B links. Applying equation (1) with a=6.4 
to Figure 3 and replotting the blocking curve 
as a function" of {-vea) , Figure 4 
is obtained • 
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Next, by using techniques that have been 
developed for using daily peak values £or 
engineering switching systems (see References 
3, 4, 5, and 6) the load that is expected to be 
experienced or exceeded at most once a month 
(OAM) can be determined. The OAM load will be 
used to determine the objective blocking for 
the RSS. Friedman, in Reference 6, shows that 
the distribution of daily peaks for telephone 
traffic can be described by: 

(2) F(x)=(G(x~u,02»6 

where F(x) is the probability that a given 
value of x will not be exceeded and where 
G(x~u,02) is the underlying normal distribution 
of the daily busy hour traffic loads which has 
the mean u and the variance 0 2 • From equation 
(2), the OAM traffic load q20 (assuming 20 
busy days a month) can be calculated. 

F(q20)=1-1/20=(G(q20~U,02»6 

~95)1/6=.99l487=G(q20~U ,02 ) 

using standard normal distribution tables: 

o = 2.38 

u+2.380 

or, since u ~ a and 0 ~ {V(a) 

( 3) q20~ a+2 .~81V(a) 

where q20 is the OAM load, a is the ABS-BH 
traffic and V(a) is the day-to-day variance of 
the BH traffic. The OAM load for the No. 1 ESS 
4:1R concentrator is indicated on Figure 4., 
At the OAM load, the concentrator blocking is 
about 3.4 percent. 

Based on this analysis of the No. 1 ESS con
centrator, it was decided to set the OAM 
engineering criteria for the RSS concentrator 
at 2 percent blocking and the channel interface 
circuits at 1 percent blocking. This pr"ovides 
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a compromise between allowing a reasonable 
traffic load on the network and the costly 
channel interface circuits. The RSS concen
trator is represented as a blocked calls 
cleared Engset 40x16 model for analysis purposes.* 
Comparative blpcking curves can be constructed 
by solving equations 1 and 3 for a and 
V(a) for the RSS concentrator traffic and the 
channel interface grqup traffic. Objective 
blocking for a load of q20 is as determined 
above in each case, and then standard Engset 
tables for the RSS concentrator and Erlang B 
tables for the channel interface group are 
used. Blocking for carried loads determined by 

a+n{va) and n=O to 3 

for the region of interest are shown on Figure 
5 for channel interface groups of 30, 100, and 
200 circuits. It can be seen that the blocking 
is comparable to or better than that experienced 
on the No. 1 ESS concentrator across the entire 
load range. 
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4:IR CONCENTRATOR COMPARED WITH RSS 
CONCENTRATOR AND CHANNEL INTERFACE 

CIRCUITS 

This procedure implies that the OAM blocking 
for the network concentrators and the channel 
interface circuits coincide and that they are 
additive. This probably is not true in 
general: however, it is reasonable that some of 
the concentrators will peak at the same time 
the channel interface traffic peaks. It was 
decided to treat the blocking as additive, 
which may result in a slight overprovisioning 
of circuits in some cases. 

* In Reference 7, Hayward shows that a system 
consisting of n sources with exponentially 
distributed usage with average usage p can be 
accurately represented by an Engset model 
with n/2 sources each with usage of 2p. A 
40xl6 Engset model gives a conservative 
estimate of the blocking in a 64x16 
concentrator. 
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SUMMARY 

Engineering criteria were developed for the RSS 
by first showing that the overall control the 
host ESS has over the path selection and 
channel interface selection effectively makes 
dial tone blocking primarily a function of 
blocking in the RSS network and the channel 
interface circuits. 

Engineering criteria are then established for 
the RSS network and channel interface circuits 
by equating the overall RSS blocking with the 
host ESS concentrator blocking at the OAM load. 
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