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In the last 10 years, information networking has become 
a major topic in telecommunications. The increasing 
need for flexible and efficient telecommunications, has 
made better networking solutions central to the com- 
munications manager’s goals. This has become espe- 
cially true since the introduction of high-performance, 
high-speed digital services, commonly known as Tl. T1 
tariffs were introduced in 1983, and allowed the network 
designer to digitally transmit information at 1.544 mega- 
bits per second (Mbps) over a wide geographic area. 
This paper describes the evolution of voice and data net- 
working, and presents a new networking concept-using 
Tl technology-to migrate existing networks to a more 
robust and efficient architecture. Our focus is on using 
telecommunications services to create a core transport 
and switching network to move and manage information 
(i.e. voice, data, video, or image) over a wide area net- 
work (WAN). 

Introduction: Historical Perspective 
In the early 1980s, analog private line (APL) and Dataphone@ 

Digital Service (DDS) were the dominant network transmission vehi- 
cles. To accomplish data communication among geographically 
dispersed locations, modems and data service units (DSU) were 
designed to transport data through these facilities. Every circuit was 
either an individual point-to-point or multi-point connection. Thus, the 
concept of data networking was straightforward, but quite primitive by 
1990’s standards. By the mid-l980s, the T1 tariff had become more 
affordable and therefore useful in designing information networks. 
Many users found that by combining voice and data applications on the 
same T1 facilities, they could cost-just& implementing their own T1 
backbone network. T1 networks were formed by connecting major 
sites with T1 facilities. 
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Panel 1. Terms and Acronyms in This Paper 
APL 
ASDS 
BMS 
BMSE 
DCE 
DDS 
DSU 
CCR 
co 
CPE 
IOC 
LSA 
M24 
MUX 
NMC 
NMS 
PBX 
SDM 
SDN 
WAN 

analog private line 
Accunet@ Spectrum of Digital Services 
bandwidth management service 
bandwidth management service-extended 
data-communications equipment 
Dataphone@ Digital Service 
data service unit 
customer controlled reconfiguration 
central office 
customer premises equipment 
inter-office channel 
licensed space arrangement 
DSO multiplexing service 
multiplexer 
network management channel 
network management system 
private branch exchange 
subrate data multiplexing 
software defined network 
wide area network 

This was a pivotal time in information network- 
ing since T1 networking caused an evolution from indivi, 
dual private line designs to facility consolidation througk 
T1.5 facilities such as AccuneP T1.5. Many vendors 
developed T1 multiplexers with sophisticated networking 
functions for operating a T1 backbone network. How- 
ever, T1 backbone networking had a critical flaw: it did 
not address sites where T1 facilities could not be used 
for economic or availability reasons. Users were forced 
to maintain and manage their T1 backbone network 
separate from remote sites where subrate tail circuits 
had to be used. 

In the late 1980s, several new networking ser- 
vices have been introduced by public carriers such as 
AT&T. These new Central Office (CO) based services let 
network designers follow a new concept called Hybrid 
Networking. The key strength of this solution is that it 

brings every circuit (whether APL, Dataphone Digital 
Service, Eractional T1, or T1 circuit) together as one net- 
work, thus eliminating having to design separate net- 
works for tail circuits. 

and new concepts, we must first analyze the old 
approach and then compare it to the new. 

To understand the differences between the old 

First Generation Networking Solution 

exclusively. Therefore, modems were designed to tran- 
sport digital signals through these analog circuits. Much 
research was devoted to fully utilizing the available band- 
width [approximately 4 kilohertz (KHz)] to achieve high 
data transmission speeds [e.g., 19.2 kilobits per second 
(Kbps) ] for greater performance and efficiency. Because 
of the critical nature of data applications (commonly 
known as mission critical data), and because the perfor- 
mance of most data applications is sensitive to the error 
rate of the circuit, premium digital facility services (such 
as Dataphone Digital Service) were developed to provide 
higher error-free performance and greater availability. 
Dataphone Digital Service utilizes end-to-end digital tech- 
nology to improve the quality of the transmission circuit, 
and provide higher data transmission speeds (up to 56 
Kbps) . Dataphone Digital Service also offers superior 
diagnostics and greater operational support, thus provid- 
ing a greater availability objective. Because Dataphone 
Digital Service was a premium service, the tariff was 
often two to three times higher than the APL tariff. 

tal Service-began as point-to-point services, and users 
paid for them on a circuit-by-circuit basis. To reduce the 
facility charge, multi-point circuits were developed to 
allow multiple remote drops to share one subrate or 56K 
circuit. Because every circuit is independent, data net- 
working was very simple. Integrating these services was 
done through the Network Management System (NMS) 
that provided centralized monitoring and control. To 
offer this functionality, the NMS needed a connection to 

In the early 1970s, analog circuits were used 
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Both subrate services-APL and Dataphone Digi- 
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Figure 1. Inefficiency of “backhauling” tail circuits Second Generation: T i  Backbone Networking 

every network device. Devices that had to be connected 
included: devices colocated with the NMS; devices at the 
remote end of the circuits; and devices that terminated 
circuits between two remote sites. Most vendors used a 
network management channel (NMC) for this connec- 
tivity. For APL, this was generally an independent, non- 
disruptive “side” channel. For Dataphone Digital Service, 
this either disrupted the primary channel or required 
higher bandwidth and more expensive (up to 20 percent 
more) local loops to offer non-disruptive network 
management functions. - 

By 1985, many users recognized thesavings in a 
T1 facility. A point-to-point T1 facility could replace multi- 
ple analog or digital lines between two user sites. As a 
rule, the price of a T1 facility was lower than the price of 
no more than 10 digital or 20 analog lines. Typically, T1 
networks were economically justified by the fact they 
replaced voice tie lines used for connecting PBX networks. 
At the same time, a T1 facility could easily replace subrate 
data circuits and still have enough bandwidth for future 
growth. The user could install new circuits easily and 
quickly by defining these circuits over their “bandwidth 
utility.” Therefore, many users built proprietary T1 
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Figure 2. Complexity of adding new sites using customer 
premise equipment and tail circuits 

backbone networks to connect their large locations. TI 
backbone networking became the most popular 
telecommunications solution in the mid- to late 1980s. 

At this time, there were no co-based network- 
ing functions offered by the facilities providers. The 
only way users could build T1 backbone networks was 
to lease T1 facilities from the telephone company, buy 
expensive backbone T1 mulJiplexers from a customer 

premises equipment (CPE) vendor, and become a “dedi- 
cated” private telephone company to serve their intracor- 
porate communications needs. T1 backbone multiplexers 
were located at the customer premises, and supported all 
networking functions: efficient data multiplexing, voice 
compression, dynamic routing, automatic restoration, 
and network management functions such as single point 
of control, diagnostics, and performance monitoring. The 
T1 facility provided only an end-to-end physical layer con- 
nection between multiplexers. Because the cos did not 
support networking functions, many CPE vendors 
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Figure 3. Cross-connected traffic is switched at backbone 
sites 

decided to conform only to the T1 framing [ D4/ESF 
(Extended Superframe Format)] level standard specified 
in AT&T Technical Publication 6241 1, and thus imple- 
mented a non-channelized proprietary T1 interface 
where DSO boundaries were not recognized. 

backbone networking solution. 

networking functionality only to locations on the TI 
backbone network. For small sites where the traffic is 
not large enough to cost-just@ T1 facilities, no T1 multi- 
plexer will be used, and therefore, no networking func- 
tionality is available. The solution is to backhaul the 
traffic from the small sites to their nearest backbone site, 
thus creating a separate tail circuit network hanging off 
the backbone network. Unfortunately, the T1 multiplexer 
and the modem/DSU are usually not designed by the 

There are several serious limitations to this T1 

Limitation 1. The T1 backbone solution provides 

same vendor. Therefore, network management is a con- 
cern because the modem/DSU network and T1 network 
are managed as separate entities. Also, costs and com- 
plexity increase because a device (modem/DSU) must be 
backed into a port card on the multiplexer and intercon- 
nected through data-communications equipment (DCE) 
cabling techniques (see Figure 1). 

From a modem/DSU perspective, it is difficult to 
connect every device to the control channel of the 
modem/DSU network management system. From a T1 
multiplexer perspective, there is no intelligent communi- 
cation with the tail circuits. And from a system architec- 
ture perspective, reliability suffers because of increased 
single points of failure; availability suffers from reduced 
diagnostic capabilities, and the complexity of requiring 
multiple NMSS. 

Limitation 2. Separate tail circuits lead to 
inflexible network configurations. Every tail circuit must 
be backhauled to the nearest backbone node. As shown 
in Figure 1, this configuration requires two local access 
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facilities (one for each end of the tail circuit) and one 
interoffice charge, as well as the hardware on the T1 
multiplexer. If a backbone site is not in an optimal loca- 
tion, a new customer-provisioned private backbone site 
must be designated as the hubbing location for the 
nearby small sites. The customer will be limited to the 
office locations that house sophisticated communications 
equipment. Then a new T1 multiplexer is needed at that 
backbone site, and at least two new T1 facilities must be 
leased. These extra costs seriously limit the savings of 
the T1 network (see Figure 2). 

Limitation 3. The premises-based T1 multiplexers 
provide the networking functionality in the T1 backbone 
network. The T1 multiplexer supports not only the traffic 
originating and terminating at that location, but also the 
traffic cross-connected through the node. The cross- 
connected traffic must enter the node on one T1 facility, 
and leave on another (see Figure 3). This means that 
cross-connected traffic requires twice as much band- 
width on the local access of that node. 

is in the CO. A co-based networking function can cross- 
connect the traffic without sending it on the local access 
to and from the premises multiplexer. This reduces the 

A more natural place to perform traffic grooming 

Figure 4. Typical 
"gateway" depiction 
for hybrid networking 

bandwidth requirement for the local access. However, if 
the T1 backbone network is using non-channelized 
proprietary T1 format, the service node equipment in the 
Co will not be able to identify the channels in the T1 
because DSO boundaries are kept, and therefore cannot 
provide a grooming function for them. Though some cus- 
tomers have sought licensed space arrangements (LSAS) 
to overcome this limitation, the level of negotiating com- 
plexity and technical issues may discourage both the cus- 
tomer and carrier from actively pursuing this solution. 

Limitation 4. From a reliability point of view, the 
private T1 backbone networking solution may give a 
false sense of security. To provide automatic restoration 
capability, at least two different proprietary T1 paths 
must be at every backbone site. Because every T1 facility 
has three segments [one local access from each end 
point and one inter-office channel (IOC) 1, this suggests 
that every backbone node has at least two local access 
proprietary T1 lines. In most cases, these T1 lines are 
routed in the same cabling sheath; thus, it still creates a 
single point of failure. When the local access line fails, it 
disrupts not only traffic to that backbone node, but also 
traffic passing through it. This defeats the purpose of 
having two different paths to a node to avoid a single 
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Figure 5. Multiple T 1  interfaces accessing public services 

point of failure. Unfortunately, the local access is also the 
segment where failures most often occur. Although total 
route diversity can be achieved on the local access, it is 
costly to implement, and is subject to availability. 

Limitation 5. Besides needing information traffic 
between major user sites, many users also need to 
access network services like SDN (software defined net- 
work) and the Megacorn@ telecommunications service 
from those sites. Because most network services require 
a DSO channelized interface, a non-channelized propri- 
etary T1 interface on the multiplexer cannot be used to 
access these services. Therefore, proprietary T1 multi- 
plexers are forced to develop separate DSO channelized 
T1 interfaces. When the user must connect to another 
backbone node, a proprietary T1 interface is used. But 
when the user needs to connect to the public network, a 
DSO channelized T1 interface must be used (see Fig- 
ure 4). The result of this approach is a less effective net- 

work design, i.e., one with a potentially higher cost 
because both the DSO channelized and proprietary T1 
interfaces are required. 

T1 facility and uses a proprietary multiplexing format. 
Another type accesses other services by using a DSO 
channelized format. Figure 5 clearly shows different 
traffic is routed through the same service node location. 
The only difference between the two T1 facilities is that 
the traffic on the channelized T1 terminates in the public 
network, and the traffic on the proprietary T1 continues 
through it. Ideally, all traffic should be combined on the 
same access facility for maximum bandwidth flexibility 
and, more important, to avoid unnecessary leasing of 
additional T1 facilities. Proprietary architectures cannot 
be combined efficiently because two types of T1 inter- 
faces are normally required. Moreover, because separate 
DSO channelized T1 interfaces from proprietary T1 mul- 
tiplexers terminate directly in the CO, they typically do 
not support T1 multiplexer-based network management 

One type of T1 interface accesses the private line 
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functions. T1 multiplexer supervisory channels cannot 
ride over these specialized interfaces because they do not 
directly communicate with a T1 interface on the other end. 
This approach is usually promoted as a “gateway” to net- 
work services. However, it restricts network management 
and the overall efficiency of the network design. 

Limitation 6. The final limitation of the T1 back- 
bone networking approach is the T1 multiplexer’s 
proprietary nature. The T1 backbone network functions 
best only in a dedicated, private network. The network- 
ing capability of the proprietary T1 multiplexer decreases 
dramatically when the user wants to access network ser- 
vices. This limitation was acceptable when network 
based services were not available or needed. Over the 
past five years, many co-based networking services were 
introduced, such as the M24 DSO multiplexing service, 
SDN, Megacom, BMSE (Bandwidth Management Service- 
Extended), and ASDS (Accunet Spectrum of Digital Ser- 
vices). All these services support a more comprehensive 
networking approach and provide better cost economies 
for a complete networking solution. In the future, more 

21 
Figure 6. Integrating public and private network access 

co-based services will be introduced, and most will 
require DSO channelization compatibility. Therefore, the 
private T1 backbone networking concept is becoming 
obsolete. A hybrid networking concept combining both 
private and public networking capabilities is emerging 
because of lower overall network costs, improved relia- 
bility, and better network management. 

Hybrid Networking: The Design for the Nineties 

working, a basic understanding of the T1 interface as 
defined by the CO, and contained in AT&T Technical 
Publication 62411, is required. 

T1.5 represents the transmission of 1.544 Mbps. 
This rate equals 8,000 DS1 frames (193 bits long) 
repeated each second, with each DS1 frame containing 
one bit for framing overhead and 192 bits for user data. 
In a DSO channelized T1 interface, these 192 bits are 
further divided into 24 individual DSO channels. To 

To completely realize the concepts of hybrid net- 
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Figure 7. Using access to BMSE to perform networking 

support a channelized T1 interface, the T1 multiplexer 
must be able to handle each DSO independently and 
intelligently. This requires the multiplexer to perform 
networking functions under specific requirements, 
resulting in a more flexible and cost-effective network. 
Therefore, T1 multiplexers must adhere not only to the 
bit rate and frame level of compatibility, but also to the 
format level commonly known as DSO format. 

With DSO level compatibility, many network ser- 
vices can be accessed, including M24, CCR (customer con- 
trolled reconfiguration), BMSE, ASDS, SDN, and the 
Megacom system. Through these co-based services, a 
more robust hybrid network configuration can be 
achieved. By efficiently combining CO- and premises- 
based networking capabilities, a hybrid network can 
result in better network design and lower costs by: - Integrating public network access and private network 

access into one access facility to reduce local access 

charges (see Figure 6). 

Customers purchase T1 access circuits that carry the 
NxDSO fractional T1 circuit as well as other circuits 
that can be routed to services such as SDN (see Fig- 
ure 6). - Using M24 to bring 56 Kbps data circuits and analog 
voice circuits directly into the T1 network avoiding 
backhauling (see Figure 6). - Using BMS (Bandwidth Manager Service), BMSE, and 
CCR to provide fast provisioning and automatic restora- 
tion (see Figure 7). 

- Using fractional T1 services to reduce IOC charges. 

When the T1 backbone networking concept is 
compared with the hybrid networking approach, the 
latter has the following advantages: - It expands the network to include smaller sites with 56 

Kbps data and analog circuits, thereby eliminating the 
need to treat those circuits separately. 

access of a node to carry only the traffic terminating or 
- It increases network reliability by using the local 
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originating at that node. All pass-through traffic will be 
cross-connected in the CO, reducing access lines and 
recurring costs. 

Megacom, BMS) and private network access services 
(i.e., private line traffic) onto the same T1 access facili- 
ties, while maintaining full networking functionality for 
the private network traffic (hybrid networking). 

(ISDN, SDDN). 

- It integrates public network access services (SDN, 

- It allows migration to future DSO compatible services 

Until now, the discussion has only addressed 
efficient methods to access public and private network 
services, and the ability to integrate modems and 56K 
digital circuits directly into the network by using network 
compatible services such as M24. What about efficiently 
extending the network solution to include user locations 
that require only a 19.2 Kbps, 9.6 Kbps, 4.8 Kbps, or 2.4 
Kbps connection to the network? The proprietary net- 
working solution cannot directly connect these locations to 
the network. They are handled as separate tail circuits that 
must be backhauled either to a 56 Kbps or T1 multi- 
plexer site. In this case, the economic deficiencies and 
network management issues again present themselves. 

One alternative is to use the co-based M24 ser- 
vice to bring the site directly to the network through ana- 
log circuits. However, these circuits are treated as voice 
circuits. If an analog circuit is used to carry data traffic, 
the user bandwidth carried is typically between 1.2 Kbps 
and 19.2 Kbps, but because the M24 service only deals 
with DSO’s, it will still occupy a bandwidth of 64 Kbps in 
the network. 

haul the analog circuit to the nearest multiplexer site, 
use a matching modem to demodulate the circuit back to 
the baseband data rate, and transport the circuit through 
the network as a digital data circuit (see Figure 1). But 
then the same backhauling and tail circuit issues arise. A 
more elegant solution is to migrate the analog access to 
digital access, and use public network services to directly 
integrate the sites into the network. This will not only 

One way to address this inefficiency is to back- 

improve the transmission quality, but also will eliminate 
the problems associated with backhauling. The digital 
access terminates in the service node by being directly 
brought onto the network through an SDM (subrate data 
multiplexing) service such as AT&Ts M5/MlO/M20 
service. With SDM, the bandwidth efficiency increases 
dramatically. This is because the service node is able to 
digitally multiplex multiple subrate circuits into a single 
DSO, then pass it onto the network for long distance 
transmission through a T1.5 service or a fractional ser- 
vice such as ASDS. 

digital circuits, which has been reduced significantly to 
compete with analog circuits. Also, the service, support, 
and diagnostic capabilities of a digital circuit are better 
than those of an analog circuit. Therefore, the benefits of 
digital circuits are many. But to take advantage of this 
capability, a multiplexer must go beyond DSO level com- 
patibility. 

DSO compatibility alone will not let users access 
co-based subrate services such as M5/M 10/M20, digital 
multi-point, subrate cross-connect, and digital broadcast. 
Co equipment follows a standard subrate multiplexing 
format to combine subrate channels (five 9.6 Kbps, ten 
4.8 Kbps, or twenty 2.4 Kbps channels) into one 64 Kbps 
DSO. If multiplexers on the customer premises use a 
proprietary multiplexing format, the co equipment will 
not be able to unbundle (i.e., demultiplex) the DSO into 
the original subrate circuits and provide networking ser- 
vices for them. This situation would make the premises 
equipment the only equipment that could switch subrate 
traffic to and from the customer site destinations. Once 
again, all subrate circuits would have to be backhauled to 
the premises multiplexers to gain access to those capa- 
bilities. This would result in lower reliability and higher 
bandwidth requirements on the local access facility. 

To access co-based subrate services, the prem- 
ises multiplexer must follow the standard SDM format 
presented in AT&T Technical Reference 54075.2 This 
level of compatibility will let the network designer 

The key economic benefit rests with the tariff for 
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Figure 8. Direct remote site integration through digital 
access 

integrate every user site into a single network, from the 
T1 backbone site to a small site with a single 2.4 Kbps 
data circuit. AT1 multiplexer at a central site would 
directly terminate traffic from a remote site with a single 
subrate access (e.g., 9.6 Kbps) by combining multiple 
subrates into DSOB(s) [when a DSO uses the SDM for- 
mat it is noted as a DSOB], send them over a T1 facility 
to a CO where the service node equipment can identlfy 
each DSOB and circuit in the DSOB, perform the neces- 
sary networking grooming, and send them directly to 

individual remote sites (see Figure 8). 
SDM is an important tool for implementing an 

optimal hybrid network. It should be used where the 
requirements dictate direct subrate digital access. How- 
ever, there may be other sites that dictate multiple 
subrate and voice circuits. The SDM format does not sup 
port voice applications and does not use bandwidth 
efficiently when mixing different data rates into one D S  
0. Therefore, the SDM format should be used only for 
traffic terminating in the CO, or traffic needing co net- 
working functionality. An efficient proprietary multiplex- 
ing scheme is also needed to support traffic between 
premises T1 multiplexers. For optimum flexibility in 
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hybrid networking, the premises multiplexers must sup 
port both standard and proprietary multiplexing formats 
on the same T1 interface-without sacrificing network 
management functions-to achieve the best overall net- 
work design. 

from every user site, regardless of its speed or termina- 
tion point, is included in the network. No tail circuits or 
backhauling are needed because all remote subrate 
access circuits will use co-based multiplexing capability 
(M24, SDM) to connect to the T1 network. Sites requiring 
higher bandwidth use T1 or fractional T1 facilities (see 
Figure 9). 

multiplexer networking capabilities and public service 
offerings, the network design will have maximum flexi- 
bility and the best overall position for future growth. 
Depending on the traffic requirements at each site, an 
independent decision can be made whether to take 

The advantage of this approach is that traffic 

By being able to selectively combine proprietary 

Figure 9. Network design for the Nineties 

advantage of co-based services or use the premises mul- 
tiplexer capabilities. As traffic patterns change, the net- 
work configuration can be changed without major 
redesign. When more networking functions are intro- 
duced in the CO, the network can easily adopt to them 
and utilize the new capabilities. 

Summary 

ness tools that directly influence a company's earnings. 
The changes caused by economic, political, technologi- 
cal, and environmental factors cause businesses to adjust 
to stay competitive. The information network must react 
quickly and efficiently to a business's requirements for 
new tactical and strategic moves that it needs to remain a 
force in its industry. Hybrid networking offers this flexi- 
bility through its ability to leverage public and private 

Information networks have become vital busi- 
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network services for a more robust approach to the 
network’s requirements. Some key benefits are: - Businesses are able to directly connect remote sites 

and integrate them into the core network without 
sacrificing efficiency, management, and control. - Remote sites are easily added to the core network 
because tandem concentrator sites-using sophisti- 
cated multiplexers on customer premises-can be 
eliminated. - Better overall economics are possible because remote 
sites can be homed to the nearest co instead of hom- 
ing them to the nearest customer concentrator site, or 
having to implement a new customer premises con- 
centrator site. - Availability is increased by eliminating bypass traffic 
through the customer premises node. - Efficient access is provided to public network services 
such as SDN, ASDS, and BMS. - Better flexibility and growth is provided in the ability 
to tailor public and private services as requirements 
dictate. 

= The requirement of one local access for every back- 
hauled circuit is eliminated. - Hardware on the remote hubbing multiplexer to s u p  
port each backhauled circuit is eliminated. 

26 

- Required bandwidth is reduced on the T1 local access 
from the remote hubbing multiplexer to support each 
backhauled circuit. 

Networks of the 1990s will increase the creative 
use of hybrid networking. Vendors will align their 
enhancements and new designs in line with standards 
and the ability to efficiently mix and match public and 
private network services in a flexible manner. 
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