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Executive Summary
Circuit emulation over IP networks is becoming increasingly important for service providers who
want to offer new service opportunities to subscribers and cut operational costs on their existing
offerings. However, there are both technical and administrative challenges to overcome before
service providers can embrace circuit emulation.
The primary technical challenges are clock synchronization and jitter management. On the
administrative side, network operators need diagnostic tools that will allow them to work in both
time-division multiplexing (TDM) and IP domains without extensive retraining.
Juniper addresses these challenges with Adaptive Time Domain Processing™ (ATDP), a key
technology used in the Juniper Networks Circuit to Packet (CTP) Series. ATDP efficiently
re-creates the source clock based on timing information contained in the received packet stream,
ensuring end-to-end synchronization. Configurable jitter buffers in the CTP Series allow network
operators to match the requirements of individual circuits to manage variable network latencies.
Finally, CTPView software provides an intuitive diagnostic monitor that allows network operators
trained in TDM technology to work effectively in the circuit emulation domain in a relatively
short time, often with no additional formal training.

Introduction
Despite the rapid growth of IP-based services, point-to-point circuits based on TDM remain a
significant revenue source for most service providers. Applications ranging from analog and
digital radio, video, legacy voice traffic and cellular backhaul still rely on TDM—and will for years
to come. To offer both circuit- and packet-based services, providers have been forced to operate
separate networks. This approach increases costs by extending the use of hard-to-maintain
legacy equipment and requiring multiple skill sets within the network administration staff.
In recent years, service providers have achieved substantial efficiencies and cost savings by
converging applications onto a unified IP network. However, circuit-based traffic has been largely
left out of that equation. The reason is that TDM networks require end-to-end synchronization,
which packet-based protocols don’t provide.
Circuit emulation over IP addresses this problem, adding the timing mechanism needed to
transport circuit-based data over packet-based networks. Using circuit emulation, service
providers can incorporate TDM-based services onto their growing IP network infrastructures and
thus take advantage of the lower costs and increased reliability of IP transport.

Adding Synchronization to IP-Based Networks
Synchronization is essential for TDM-based communications. The TDM receiving device must
be synchronized with the sending device so that it can accurately read the data from the right
timeslot. In other words, to ensure error-free data transmission, the sending and receiving
devices must operate at the same data rate using the same clock. TDM networks accomplish this
synchronization by sending clocking information along with the data on dedicated circuits.
IP networks have no corresponding built-in timing mechanism. Therefore, transmitting TDM
over IP requires the receiving device to derive the clock from information in the incoming packet
stream. The transit time of IP packets is the key. Even though the latency (network transit time)
for any given packet is indeterminate, analyzing the network delays over a large number of
packets yields information that can be used to recover the source clock.
Juniper Networks has developed a unique technology called Adaptive Time Domain Processing
(ATDP) that recovers clocking information from the received packet stream to a high degree of
accuracy. ATDP is the key enabling technology that allows service providers to incorporate TDMbased services into their existing IP infrastructures.
Copyright ©2007, Juniper Networks, Inc.
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Adaptive Time Domain Processing (ATDP)
Here’s how ATDP works. The transmitting device sends packets via the IP network at a frequency
determined by the source clock. Each packet carries a timestamp calculated at the time it is
created, based on the source clock.
The receiving device buffers the incoming packets and uses the timestamp to calculate the
latency of each one. Of particular interest for reconstructing the source clock are the lowest
latency packets, those that had the fewest hops and delays due to network congestion. These
packets also typically have the least latency variability. The ATDP algorithm takes advantage of
this near-uniformity to calculate the frequency difference between the source and destination
clock by filtering out the variation in packet delay. The receiving device then arranges the packets
in the correct order and modulates data at the calculated carrier frequency to re-create the signal
just as it would have arrived over a conventional TDM network.

Resiliency
ATDP has built-in resiliency. A built-in iterative mechanism allows it to quickly converge on the
clocking of new circuits or re-converge on the timing when an existing circuit recovers from
an outage. As packets are received, ATDP calculates the accuracy of the recovered clock. When
the correlation is strong enough, the receiving device’s Digital Data Synthesis (DDS) circuitry is
adjusted to match the calculated clock.
Juniper’s ATDP has an advantage over other circuit emulation solutions in that it requires fewer
sampled packets to derive the timing than competitive products. Because they can converge on
the timing rapidly, Juniper TDM-over-IP solutions are significantly more resilient and available
than competing products.

Accuracy
ATDP offers superior clocking accuracy. As new packets arrive, the correlation is continuously
tuned to improve the accuracy of the initial calculations and maintain the correct frequency over
time. The DDS can match the transmitter’s clocking to a resolution of .0078125 Hz over the
entire range of circuit rates from 1 Hz to 12.288 MHz—more than enough granularity to ensure
good synchronization.
Quick, coarse initial clocking neutralizes initial buffer drift, followed by smaller, constrained clock
adjustments which maintain the clock frequency.
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Juniper Circuit to Packet (CTP) Series
To help service providers incorporate TDM-based traffic on their IP networks, Juniper has
developed the Juniper Networks Circuit to Packet (CTP) Series which incorporates the ATDP
technology discussed above. These solutions provide innovative techniques that enable IP
networks to reliably transport circuit-based traffic over IP. CTP devices are ideal for service
providers seeking to reduce the number of leased lines or other serially encoded circuits by
taking advantage of existing IP capacity.
Figure 1 shows how the CTP product fits into the network architecture. CTP devices are installed
at both ends of the circuit between the TDM device and the IP network. To the TDM equipment,
the IP transport is completely transparent because the CTP devices synchronize the data and
clocking at each endpoint.
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Figure 1: TDM over IP Using Juniper CTP Series Products

CTP Features and Benefits
The Juniper Networks CTP Series offers service providers these important features:
• Configurability
• Clocking options
• Jitter management
• Network management tools

Configurability
Since networks vary in their performance and jitter characteristics, no single clocking algorithm
can accommodate all network conditions. To address the widest possible range of circumstances,
Juniper CTP products are highly configurable. Operators can adjust many configuration options
to optimize performance and reliability, including:
• Duration of the integration period in which lowest-latency packets are extracted
• Maximum clock adjustment for each integration period
• Maximum absolute clock adjustment
• Decay factor (determines the time allowed to get the clock to the correct frequency)

Copyright ©2007, Juniper Networks, Inc.
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Clocking Options
The ATDP technology includes a unique algorithm for synthesizing clocking information from
the stream of received packets, plus circuitry to modulate the data according to the wide variety
of TDM clocking schemes. The Juniper CTP Series provides a clocking toolkit that allows each
interface to be tailored to the particular requirements of the circuit. Additional clocking options
include:
• External clock reference input: Uses a Phase Lock Loop (PLL) to synchronize to the CTP
system clock. Up to five references with assignable priorities can be used within each
device. References can be 32 kbps, nx64 kbps up to 4096 kbps, or 1544 kbps.
• Rubidium atomic clock: An option to the CTP1004 and CTP1012 platforms to lock
to system clock. This typically provides initial clock accuracy of +/-5E-11, and should
remain better than +/-5E-9 over the life of the system.
• Calibrated oscillator clock: Serves as the standard system clock with a typical accuracy
of +/-30 ppm. When digitally phase lock looped to an accurate external reference, the
calibration system continues to bias the internal oscillator when the external reference is
lost, improving accuracy to approximately 100 ppb.

Jitter Management
With conventional TDM, reliable data transmission depends on each network component in
the circuit—a single failure interrupts the transmission. IP networks are more resilient and
available because the data can take multiple paths. The tradeoff is that network transit time is
variable. Individual packets experience delays that can vary unpredictably due to multiple packet
flows, differing Quality of Service (QoS) characteristics, and serialization delays at network
infrastructure points.
This variability—also known as jitter—represents a significant challenge for migrating
TDM applications to packet-based networks. The receiving device must buffer packets to
accommodate jitter, but the required buffer size is hard to predict because circuits on the same
device may have different requirements and different latencies. For this reason, the jitter buffers
on each port of Juniper CTP products are independently configurable. This feature allows TDM
network operators to engineer the buffer size to the characteristics of individual circuits, and
change buffer sizes quickly in response to changing network conditions.

Network Management Tools
TDM networks usually lack tools that can reliably indicate how applications and network
components are performing. Service providers who transition to all-IP networks gain improved
visibility for key network parameters, which leads to lower network administrative costs and
higher levels of availability. However, staff trained in TDM network administration need intuitive
tools to help them manage IP-based networks.
To help customers manage circuit emulation deployments, Juniper offers CTPView, a Web-based
management server. CTPView provides a real-time graphic display of CTP reachability and circuit
status. CTPView provides vital information about the performance of each emulated circuit,
including measurements of jitter, IP round-trip delay and packet loss. Figure 2 shows an example
of the statistics and graphs gathered by CTPView.
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One major benefit of CTPView is that it provides a way for TDM and IP network operators
to understand the requirements of each other’s networks. The unified graphical interface
demystifies TDM to the IP operators and enables the TDM operators to have insight into how
the IP network is affecting the performance of their circuits. CTPView also enables network
operators to provision and troubleshoot problems using integral Bit Error Rate Tests (BERTS) and
loops. TDM operators find that the CTPView diagnostic tools are similar to those they have used
for years, shortening the training time. This familiarity smoothes the way for CTP technology to
be successfully integrated into the operational infrastructure of major carriers who have run TDM
networks for decades.

Figure 2: Typical CTPView Display

Application: Using Circuit Emulation over IP for Remote PBX
One application of circuit emulation over IP is to connect remote PBX offices to the central
office. The traditional approach for connecting PBX systems uses TDM-based leased lines. In
this example, the operator instead uses the existing IP network as shown in Figure 3. Juniper
CTP products provide the enabling technology for transmitting the PBX information over the IP
network between the central office and the branches. To provide monitoring and management
capabilities, a remote access tool in the central office connects to equipment in the branch
offices using the CTP’s RS-232 ports.
By leveraging the existing IP infrastructure, this operator avoids the additional costs of leased
lines as well as the additional complexity of a separate TDM-based network. This unified
approach minimizes network operation expenses and takes advantage of the higher reliability of
IP-based communications.

Copyright ©2007, Juniper Networks, Inc.
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Figure 3: PBX Interconnection Using Circuit Emulation

Conclusion: The Promise of Circuit Emulation
Circuit emulation over IP holds great promise for service providers who want to unify their
TDM and IP networks. In the past, technical challenges stood in the way, including end-to-end
synchronization and transmit variability or jitter. An additional barrier for service providers
has been the staff retraining needed to allow network operators trained in TDM or IP to work
effectively in the other domain.
Juniper has overcome these hurdles through its Adaptive Time Domain Processing (ATDP)
technology, embedded in the Juniper Circuit to Packet (CTP) products. With features such as
a clocking toolkit and configurable jitter buffers, the CTP products offer the flexibility service
providers need to lower costs and increase reliability of IP transport by using circuit emulation to
incorporate TDM-based services onto their growing IP network infrastructures.
Now service providers can insert CTP components into their existing network architectures
to provide IP-based transport for TDM-based services. Doing so increases the resiliency and
availability of services and minimizes network operation costs.
On the operational side, Juniper CTPView software is an intuitive and easy-to-learn Web-based
monitoring tool that allows network operators to quickly become productive in managing
networks using circuit emulation over IP.
Circuit to Packet Products
Juniper Networks CTP Series includes six hardware platforms that range in size, port
capacity and redundancy options.
Juniper Networks CTPView Network Management System provides network operators with
the tools necessary to provision circuits, monitor their availability and performance, and
troubleshoot issues using a graphical user interface.
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About Juniper Networks
Juniper Networks, Inc. is the leader in high-performance networking. Juniper offers a highperformance network infrastructure that creates a responsive and trusted environment for
accelerating the deployment of services and applications over a single network. This fuels highperformance businesses. Additional information can be found at www.juniper.net.
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