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PHASE is a system family of flexible 
and modular network elements de-
signed on the basis of the Synchro-
nous Digital Hierarchy (SDH) and 
is part of the comprehensive range of 
optical networking products offered 
by Lucent Technologies.

Features and Benefits
The basic blocks of the modular 
system concept are flexible 
hardware and software modules 
from which SDH network ele-
ments can be assembled. This 
modular design of PHASE per-
mits optimum adaptation of a 
network element to a wide 
range of network structures and 
therefore simple incorporation 
into an existing network envi-
ronment. PHASE offers future-
oriented systems, which enable 
the network operator to easily 
extend network elements when 
new requirements necessitate 
expansion of the network. The 
equipment in the PHASE sys-
tem family conforms to the 
specifications defined in the rel-
evant ITU-T Recommendations.

Applications
The design of SDH networks 
covers many variants due to the 
necessary adaptation to existing 
network structures and the var-
ious requirements for transmis-
sion capacity for the planned 
traffic relations. The flexible sys-
tem concept of PHASE offers the 
network operator the possibility 
of configuring network ele-
ments to suit a specific applica-
tion. PHASE includes network 
elements for use in:

• The network access area
• The trunk network

In the network access area, 
which is divided into the sub-
scriber access area and the local 
exchange area, the PHASE net-
work elements permit plesio-
chronous subscriber signals to 
be fed into a synchronous net-
work. In the trunk network, 
where high transmission rates 
are the main factor, transmis-
sion of SDH signals is possible at 
a bit rate of up to 2.5 Gbit/s 
(STM-16) using the network el-
ements. 

PHASE can also be used to set 
up various network topologies 
such as meshed networks in the 
trunk network or ring net-
works, which are suitable for 
use in both the network access 
area and the trunk network.

PHASE particularly supports 
modern ring structures, which 
have major advantages over 
earlier star structures or simple 
transmission paths:

• Greater flexibility through 
division of capacity to suit 
the actual requirement of in-
dividual network nodes

• Increased cost effectiveness 
through better utilization of 
capacity

• Higher reliability by routing 
signals over independent 
paths and simpler setting up 
of protection circuits

Network elements in the 
PHASE system family have a full 
network management capabili-
ty. They are controlled and su-
pervised by the Network Man-
agement System ITM (Integrat-
ed Transport Management) 
which offers management ap-
plications for the complete net-
work and for local supervision 
of individual network elements.

Figure 1 shows an example of 
setting up ring networks with 
PHASE network elements at 
various network levels, 
controlled and supervised by 
ITM-NM (ITM Network Mod-
ule) via ITM-SC (ITM Subnet-
work Controller). In addition, 
the Local Craft Terminal is used 
for on-site maintenance.

Figure 1: Application Example of PHASE



Product Description

Basic Types of Network 
Element

The type and features of PHASE 
network elements are deter-
mined by the type and number 
of the hardware and software 
modules used. The following 
basic types of network element 
are possible:

• Terminal Multiplexer (TM)
• Add/Drop Multiplexer 

(ADM)
• Local Cross Connect (LXC)
• Line Regenerator (LR)

These basic types can be config-
ured for the STM-1, -4 and -16 
levels of the SDH hierarchy and 
for the VC-12 and VC-4 connec-
tivity levels.

Nomenclature

The PHASE network elements 
are designated according to 
their application. The nomen-
clature is explained using the 
following example: ADM-16/4 
The first part of the name 
(ADM-) indicates the network 
element type, i.e. TM, ADM, 
LXC, or LR. The second part of 
the name (16) indicates the 
SDH level: “1” corresponds to 
STM-1, “4” and “16” to STM-4 
and STM-16 respectively. The 
final part of the name (4) indi-
cates the connectivity: “1” cor-
responds to the VC-12 level and 
“4” to the VC-4 level.

Network Element Architecture

A network element of the 
PHASE system family comprises 
three types of building blocks 
(see Figure 2):

• Plug-in units
• Connection interfaces
• Shelves 

Plug-in Units

The plug-in units can be classi-
fied as follows according to their 
various functions:

• Optical interface units
• Electrical interface units
• Switching and matching 

units
• Central plug-in units
• Special plug-in units

Connection Interfaces

The external interfaces of plug-
in units which require a con-
nection to the network environ-
ment are accommodated on 
separate module cards called 
connection interfaces. A sepa-
rate connection interface area is 
provided in the shelf (see Figure 
2) and the interfaces are insert-
ed in this area above the associ-
ated plug-in units. There are 
connection interfaces for such 
units as the TIU and MCU. The 
flexible network element design 
enables all the physical interfac-
es required by the network op-
erator to be created, whereas 
standard plug-in units can be 

used for internal signal process-
ing. As the connections can be 
changed relatively easily, the 
network elements can be adapt-
ed flexibly to the network envi-
ronment.

Shelves

Four different types of shelf are 
available. They comply with in-
ternational standards and are 
designed for installation in all 
racks conforming to ETSI stan-
dard ETS 300 119-3. The stan-
dard shelf is available in two 
versions with 17 and 19 slots for 
plug-in units. The version with 
17 slots (CS-E/17) offers more 
space for the cabling. 
The CS-E/17 can also be in-
stalled in a 19-inch rack. The 
version with 19 slots (CS-E) has 
two additional slots on the 
right-hand side which are re-
quired for the additional line 
protection plug-in units for 
trunk network elements. In ad-
dition, it is equally suitable for 
setting up network elements in 
the network access area. The 
CS-ADMN/4E shelf is equipped 

Figure 2: Basic Units of a Network Element



with slots for 18 plug-in units 
and 19 connection interfaces. It 
has been designed for ADMs 
with VC-4 connectivity. Four of 
the slots are wider for inserting 
the SIU-16 and OBA. The Medi-
um Shelf MS is used for the con-
figuration of the WaveStar™ 
LXC-16/11). The MS has two 
rows of slots located one above 
the other for the accommoda-
tion of the system plug-in units 
with 26 slots altogether. There 
are 19 slots for the connection 
interfaces. The shelves can be 
equipped flexibly to allow dif-
ferent equipment configura-
tions to be implemented in a 
shelf. The equipment is operat-
ed solely from the front, i.e. the 
racks can be mounted against a 
wall or back-to-back.

1) See the WaveStar™ LXC-16/1 
data sheet

Bus System

Data traffic between the plug-in 
units is handled via bus systems 
in the backplane of the shelf to 
achieve the maximum possible 
flexibility in configuring the 
plug-in units in a network ele-
ment.

The clock and the supply volt-
age for the plug-in units are also 
connected via the backplane. 
The bus systems in the shelf 
backplane have the following 
tasks:

• Data exchange (main data 
bus)

• Access to overhead informa-
tion (overhead bus)

• Exchange of internal data for 
control and management 
(signalling bus)

• Exchange of SDH manage-
ment signals for the com-
plete network (ECC bus)

Figure 3 shows an overview of 
the PHASE plug-in units togeth-
er with the associated connec-
tion interfaces according to their 
functions.

Features
The most important feature of 
PHASE is its modular hardware 
structure, which permits vari-
ous types of network element to 
be configured using the same 
basic plug-in units. Each plug-in 
unit performs an exactly de-
fined function in the network 
element. This principle is sup-
ported by the network element 
software, which is also arranged 
in units. These software mod-
ules comprise certain functions 
for the control, management 
and configuration of the net-
work elements and permit com-
munication with the network 

Figure 3: Functional Layout of PHASE



management system. The 
download facility can be used 
for such tasks as adding or 
changing functions. The hard-
ware and software functions in-
corporated in the PHASE net-
work elements provide impor-
tant characteristics which affect 
performance and reliability:

• Flexible configuration 
through the use of universal 
plug-in units. Made possible 
by flexible network element 
software and a multiple bus 
system

• Flexible switching of con-
nections

• Increased reliability through 
protection switching

• External overhead access to 
data channel and orderwire 
bytes

• Control and management 
via the network manage-
ment system ITM

• Central clock supply in the 
network element

• Modular design of network 
elements for simple exten-
sion 

• Transmission rates: 
– Optical aggregate signals 

(SDH): 155 Mbit/s, 
622 Mbit/s, 2.5 Gbit/s 

– Electrical aggregate sig-
nals (SDH): 155 Mbit/s 

– Optical tributary signals 
(SDH): 155 Mbit/s, 
622 Mbit/s 

– Electrical tributary signals 
(PDH): 2 Mbit/s, 
34 Mbit/s, 45 Mbit/s, 
140 Mbit/s 

– Electrical tributary signals 
(SDH): 155 Mbit/s

• Wavelength of optical sig-
nals: nominal 1300 nm for 
medium and long range or 
1550 nm for long range

• Optical amplifier modules 
for increasing the range in 
long-distance applications

Configurations

The following network ele-
ments with VC-12 connectivity 
can be configured:

• TM-1 and TM-4/1
• ADM-1/1, ADM-4/1
• LXC-1/1, LXC-4/1 and 

LXC-16/1

The following network ele-
ments with VC-4 connectivity 
can be configured:

• TM-4/4 and TM-16/4
• ADM-4/4 and ADM-16/4
• LR-4 and LR-16

Switching Connections

Several types of through-
switching are possible for sub-
signals independently of the 
connectivity level of a network 
element:

• Unidirectional switching
• Bidirectional switching
• Broadcasting (incl. Drop and 

Continue)

The following types of connec-
tion are also possible for test and 
maintenance purposes in net-
work elements with all connec-
tivity levels from VC-4 to VC-12 
level:

• Loopback
• Split Access

The required connections can 
be configured using the net-
work management system.

Network Protection

The reliability of transmission 
systems can be increased con-
siderably by protection switch-
ing. In the event of a transmis-
sion error, e.g. due to a cable 
break or excessive bit error rate, 
the signals can be switched to a 
standby line. The following pro-
tection switching systems are 
available:

• 1+1 path protection switch-
ing (1+1 PP)

• 1+1 sub-network connection 
protection (1+1 SNCP)

• 1+1 Multiplex Section Pro-
tection (1+1 MSP)

Card Protection

Protection switching can be pro-
vided for all important plug-in 

units to prevent loss of data due 
to plug-in unit failure.

Overhead Access

Interfaces can also be provided 
as an option for access to user 
data channels and for setting up 
an orderwire system.

Synchronization

The clock is supplied from a cen-
tral plug-in unit (CCU-X3). The 
network elements can be syn-
chronized to the following clock 
sources:

• 2048-kbit/s data signal
• STM-N data signal
• External 2048-MHz clock 

signal
• Internal oscillator

The pointer processing used 
permits the clock to be switched 
through transparently to supply 
exchanges and PDH networks, 
so that a separate clock network 
is not required.

Supervision and Control by 
ITM

The PHASE network elements 
are equipped with Q interfaces 
in accordance with ITU-T and 
appropriate communications 
software for communication 
with network management sys-
tems. The powerful network 
management system ITM is 
used. ITM can manage all SDH 
network equipment and ele-
ments of Lucent Technologies. 
It can be used for tasks ranging 
from initial operation of the sys-
tems through to their control 
and supervision. This ensures 
optimum operating quality, in-
cluding fault detection and fault 
handling in the complete net-
work. ITM is a modular soft-
ware family:

• Individual network elements 
and network areas can be su-
per-vised and controlled by 
the ITM Subnetwork Con-
troller (ITM-SC). 
The ITM-SC provides the 
performance, fault and con-
figuration management 
functions (in accordance 
with ISO/IEC).



• The ITM Network Module 
(ITM-NM) performs the fol-
lowing management tasks 
for the entire network via 
ITM-SC: configuration man-
agement, performance man-
agement, fault management 
and security management.

Moreover, ITM-NM provides 
path management with the fol-
lowing additional features:

• Scheduling
• Paths are reserved for certain 

periods of time (periodically 
or permanently from a cer-
tain point in time)

• Autorouting
• All resources between a de-

fined start and end point are 
calculated automatically.

Supervision and Control by the 
Local Craft Terminal

The Local Craft Terminal per-
mits simple decentralized man-
agement, control and supervi-
sion of individual local or re-
mote net-work elements as part 
of normal operation or during 
configuration, installation and 
maintenance work. It offers a 
variety of applications:

• Tool for local and remote 
management of individual 
network elements 
– The Local Craft Terminal 

provides facilities for per-
formance supervision 
and for displaying alarms 
in the event of faults. It 
also displays identifica-
tion data (manufacturer's 
name, plug-in units 
equipped, serial number 
and current installation 
and configuration data). 
Besides this, the Local 
Craft Terminal offers a fa-
cility for rerouting exist-
ing connections or 
switching new ones.

• Test tool for service techni-
cians
– The Local Craft Terminal 

provides facilities for car-
rying out various tests as 
part of installation and 
maintenance work

Network Element Extension

The PHASE network elements 
can be extended by adding and 
replacing hardware and soft-
ware modules. This is possible 
during operation without dis-
turbing transmission. The basic 
types of network element can 
also be reconfigured by adding 
and replacing hardware and 
software modules, e.g. a termi-
nal multiplexer with STM-1 in-
terfaces can be reconfigured to a 
multiplexer with add/drop 
functionality and a higher 
transmission rate (STM-4 or 
STM-16). A number of shelves 
can be interconnected, so that 
tributary interface units can be 
equipped in excess of the capac-
ity of a single shelf.



Technical Data

Interfaces
Optical interfaces in accordance with ITU-T Recommendations G.957 and ETS 300 232
155 Mbit/s (STM-1) DIN 47256 or FC/PC connector
622 Mbit/s (STM-4) DIN 47256 or FC/PC connector
2.5 Gbit/s (STM-16) DIN 47256 or FC/PC connector 
Electrical interfaces in accordance with ITU-T Recommendation G.703 and ETS 300166
2 Mbit/s 75/120 Ω (coaxial)
155.520 Mbit/s 75 Ω (coaxial), 1.6/5.6 connector
139.264 Mbit/s 75 Ω (coaxial), 1.6/5.6 connector
34.368 Mbit/s 1) 75 Ω (coaxial), 1.6/5.6 connector
44.736 Mbit/s 1) 75 Ω (coaxial), 1.6/5.6 connector 
Data channel interfaces
4 data channels with 64 kbit/s per channel, switchable to G.703 or V.11
Orderwire channel interfaces
1 two-wire interface to the public network
2 two-wire interfaces to the telephone set
2 four-/six-wire interfaces (configurable) to the orderwire channel network 
Operation and network management
Q interface QB3 (CLNS1 Protocol Suite, Ethernet), QECC 
F interface Serial, RS232C 
Net clock interface
Two inputs for external 2.048 MHz net clock 
One net clock output (2.048 MHz) 

Connectivity 
VC-12, VC-2, VC-3, VC-4 Unidirectional, bidirectional, broadcast, 

drop and continue, loopback 

Performance Requirements 
Jitter on STM-N interfaces G.813, G.825 
Jitter on PDH interfaces G.823, G.783 
Error Performance G.826 
Performance monitoring G.784, G.826 

Protection and Redundancy 
Tributary Level Redundancy 
1:N Equipment protection on 2-Mbit/s port units (N = max. 4) 
1+1 Equipment protection on 34/45-, 140-, 155-Mbit/s port units 
1+1 Equipment protection on Cross-Connect Unit and Pointer Processing Unit
SNC protection 
SNC at VC-12, VC-2, VC-3 and VC-4 levels 
1+1 MSP on optical interface port units STM-1, STM-4, STM-16
Maximum of 50 ms switching time for all protection mechanisms 

Timing and Synchronization 
Synchronization interfaces 2048 kHz
Built-in oscillator Standard Accuracy 4.6 ppm acc. G.813 option 1 
Built-in oscillator Stratum - 3 Accuracy 4.6 ppm acc. G.813 option 1, 

Stability 0.37 ppm/first 24 hours 
Timing modes: 
Free running mode Accuracy 4.6 ppm 
Hold-over mode 
Locked mode with reference to: one of the external sync. inputs 

one of the 2 Mbit/s tributary inputs 
one of the STM-N inputs 

Automatic reference signal switching Compliant with ETSI ETS 300 417-6 
Support of Synchronization Status Message on STM-N interfaces
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We make the things that make 

communications work

OAM&P 
Testing Installation self-test 
Recovery Auto recovery after input power failure 
Local Operations & Maintenance via Faceplate LEDs, Buttons on SC, F-interfaces
Centralized Operations & Maintenance via Q-interface, DCC 
SW-downloading via Q-interface, DCC 
Alarms Categories for indication of alarm severity 

Station alarm interfaces (9 x) 
Misc. discretes 8 x input
Self-diagnostics 
Local Craft Interface Terminal (ITM-CIT) 

Network Management 
Fully manageable by ITM-NM and ITM-SC 
Local Workstation (ITM-CIT) 
via RJ-45 connections V.10 (RS-232 Compatible) / F interface 
Access to Embedded Communication Channels 
via in-station Q-LAN interface G.773-CLNS1 / 10-base-T and 10-base-2 

Voltage Supply 
Nominal operating voltage 48 V / 60 V DC 
Operating voltage range 40 V to 75 V 

Physical Design 
Subrack dimensions 

Compact Shelf (CS-17)  810 x 450 x 300 mm (H x W x D) 
Compact Shelf (CS-19)  810 x 500 x 300 mm (H x W x D) 
Medium Shelf  1425 x 500 x 300 mm (H x W x D) 

Connectors Standard FC/PC & optional SC optical connector 
Support of commonly used Customer connectors 

Environmental Conditions 
Acc. ETSI Requirement Class 3.2 Environment: 

Temperature Range Humidity 
Full operation +5 °C to +45 °C up to 95% 
Storage -25 °C to +55 °C up to 100% 

EMC 
Compliant with prETS300 386-1 
"EMC requirements for Public Telecommunication Network Equipment" which covers: 
Radiated emission EN 55022, class B 
Conducted emission EN 55022 
Electrostatic discharge IEC 801-2 
Radiated immunity IEC 1000-4-x series 
Conducted immunity
Electrical fast transients IEC 1000-4-x series 
Surges IEC 1000-4-x series 
Continuous wave IEC 1000-4-x series


