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LIST OF ABBREVIATIONS AND NOTIONS

ADM Add-Drop Multiplexer
Equipment for combining virtual containers and for connecting them to
SDH or PDH interface ports.

AlS Alarm Indication Signal
Signal structure which is sent forward in SDH network when a SDH
network element isin alarm state.

APS Automatic Protection Switching
Switching which performs the protection of a connection of a part of it
automatically.

Asynchronous mapping  SDH mapping where justification bits are used.

ATM Asynchronous Transfer Mode
Transfer mode in which datais split in true to shape packets

AU Administrative Unit  (AU-n, n=3...4)

Structural part of an STM-1 frame consisting of a higher order virtual
container and an AU pointer.

AU-pointer Pointer added to a higher order virtual container for the location of

information hits.

AUG Administrative Unit Group
Administrative unit or group of administrative units with a fixed
position in an STM-1 frame.

BBE Background Block Error

Erroneous block which is not a part of SES.



Broadcast Switching mechanism for terminating a virtual container in an

BIP

CCITT

incoming signal and inserting a test signal in the corresponding virtual

container of the outgoing signal.

Bit interleaved parity check

Parity checking method used for monitoring bit errors in an SDH
network. The abbreviation BIP is often accompanied by an integer
(e.g. BIP-8) indicating how many sections the signal has been divided
into for error checking. The length of the check bit string used in the
method equal s the number of these sections.

Container

Structural part of an STM-1 frame consisting of a payload with a
specified format. The different types of containersin SDH are denoted
asfollows: C-n (n=1, 2, 3, 4, 11, 12)

Comité Consultatif International Téégraphique et Téléphonique
Consultative Committee for International Telegraph and Telephone,
Predecessor of ITU-T.

Concatenation Association of several virtual containers with each other so that

DCC

their combined capacity can be used as a single container. According
to ITU-T recommendations, concatenation is possible on VC-2 and
VC-4 levels. By concatenation it is possible to form e.g. a combination
of four VC-4s (VC-4-4c) rate of which is 622 Mhit/s.

Data Communications Channel

Auxiliary channd within section overhead which is used for network
management related communication between operation systems and
network elements. The two data communications channels in an STM-
1 frame are the DCCR, consisting of three bytes of the regenerator
section overhead, and the DCCM, consisting of nine bytes of the
multiplexer section overhead.

Vi



DEG

DXC

EB

EPS

ES

ETS

G.703

G.707

G.708

G.709

G.826

Degraded Signal
SDH system alarm which is given if the received signal contains too

much errors.

Digital Cross-Connect Equipment
Equipment for combining virtual containers and for connecting them to
SDH or PDH interface ports.

Error Block
An error where the received BIP code is incompatible with the data it

monitors.

Equipment Protection Switching
Protection switching which is done by multiplying the amount of used

network € ements.

Error Second
A unit used to measure the quality of data transmission.

European Telecommunications Standards I nstitute

ITU-T recommendation: Physical/electrical  characteristics  of
hierarchical digital interfaces.

ITU-T recommendation: Network node interface for the synchronous
digital hierarchy (SDH)

ITU-T recommendation: Sub STM-0 network node interface for the
synchronous digital hierarchy (SDH)

ITU-T recommendation: Synchronous multiplexing structure
Merged with ITU-T G.707 in 1993

ITU-T recommendation: Error performance parameters and objectives
for international, constant bit rate digital paths at or above the primary
rate
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HO path

HOVC

I TU-T

LOF

LOP

LO path

LOS

LOVC

MS

Path used as the server-layer for transfer of lower order virtual

containers.

High Order Virtual Container

Virtual container which can be used in an STM-1 frame without other
virtual containers. A higher order virtual container may consist of a
single container (c-4/C-4) and path overhead, or a tributary unit group
(TUG-2/TUG-3) and path overhead

International  Teecommunications Union - Teaecommunication
Standardization Sector

Loss Of Frame

Error state caused by a situation where the position of frame alignment
bytes in the incoming bit stream cannot be identified within a pre-
defined period of time.

Loss Of Pointer
Error state caused by a pre-defined number of successive unidentified
pointer values.

Path used as the client-layer for transfer of higher order virtual

containers.

Loss Of Signa
Error state caused by a drop in the signal level below specified limits
for longer than a pre-defined period of time.

Lower Order Virtual Container

Virtual container which can be used in an STM-1 frame only
when grouped with others. A lower order virtual container consists of a
single container the type of which can be C-1 (C-11/C-12), C-2 or C-3
and path overhead.

Multiplex Section

Section connecting two multiplexers or a multiplexer and a cross-
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M SOH

NNI
Path

Payload

PDH

POH

Pointer

PRC

RDI

connect. A multiplexer can be either a terminal multiplexer or an add-
drop multiplexer.

Multiplex Section Overhead

Rows 5 - 9 of section overhead. Multiplex section overhead is used for
communication between multiplexers or cross-connects in the
multiplexer section and for management and control of the

transmission.
Network to Network Interface
Trail in a path layer network.

Information which is to be transferred to the receiver end by the

transmission system or a part of it.

Plesiochronous Digital Hierarchy
Transmission technique in which the timing relationship of the
corresponding significant instants of a signal is not limited. Greek

word plesiokronous means "amost synchronous'.

Path Overhead
Structural part of a signal which is added to a container for transfer.
Path overhead is used for different purposes of connection control, e.g.

for error control

Structural part of a signal used to locate the information-carrying bits
of thesignal.

Primary Reference Clock

High-precision clock signal unit confirming to ITU-T recommendation
G.811. This clock signal is used to generate the central clock.
Recommendation G.811 specifies an accuracy of 1x10™.

Remote Defect Indicator
Signal, which indicates to the network element that the defect status of
the received signal of the transmission requires further checking.



Regenerator Equipment used to recelve and reconstruct a digital signal so that the

REI

RS

RSOH

SDH

amplitudes, waveforms and timing of the signal eements are

constrained within specified limits,

Remote Error Indication
Signal, which indicates the number of errors detected in the signal to
the network element. Remote error indication is conveyed to the

network element regardless of the number of errors.

Regenerator Section
Section connecting two regenerators or a multiplexer and a

regenerator, or a cross-connect and a regenerator.

Regenerator Section Overhead
Rows 1 - 3 of section overhead. Regenerator section overhead
is used for communication between multiplexers, cross-connects and

regenerators and for management and control of the transmission.

Synchronous Digital Hierarchy
Transmission technique in which there are specified limits to the
timing relationship of the corresponding significant instants of asignal.

SDH cross-connect Equipment for combining virtual containers and for

connecting them to SDH or PDH interface ports.

SDH mapping Adaptation of a signal into a virtual container when this signal

isto be fed into an SDH network.

SDH node Point in an SDH network at which the signal is processed. An SDH

SEC

SES

node may be e.g. a multiplexer or a cross-connect.

Synchronous Equipment Clock
Clock signal which isdefined in the ITU-T recommendation G.813.

Severely Erroded Signal

Unit to measure the quality of transmission, sib-group to ES.



SONET

SSM

SSU

Section Overhead

First 9 columns of an STM-1 frame. Section overhead comprises
regenerator section overhead, multiplex section overhead and an AU-
pointer (AU-4).

Synchronous Optical NETwork
Standard used in the United States of America. This standard was used
as an outline in designing SDH.

Synchronization Status Message
Part of byte S1. It informs the neighbor network elements the status of
clock signal.

Synchronization Supply Unit
Clock signal which isdefined in the ITU-T recommendation G.812.

Synchronous Transport Module
Signal following the structure of an STM-N frame.

STM-1frame Signal structure which can be distributed as a two-dimensional

array of 9 x 270 bytes and which is used for transferring basic-rate
signalsin an SDH network.

STM-N frame Signal structure consisting of N STM-1 frames. The value of N

may be 1, 4, 16 or 64.

Synchronous mapping  SDH mapping where justification bits are not required.

™

TU

Termina Multiplexer

Multiplexer used to insert theincoming signalsto an STM-N frame.

Tributary Unit (TU-n, n=1...3)

Structural part of an STM-1 frame consisting of a lower order virtual
container and a tributary unit pointer. The difference between AU and
TU is that multiple AUs can be cross-connected to the network and
transmitted between different STM-1 where as TU is a structural part
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TUG

TU pointer

UAS

VC

of one certified STM-1 frame and therefore cannot be transferred
between different STM-1 frames without higher order AU.

Tributary Unit Group ( TUG-n, n=2,3)

Tributary unit or group of tributary units with a fixed position in a
higher order virtual container. There are two types of tributary unit
groups. TUG-2 and TUG-3.

Pointer added to a lower order virtual container for the location of

information hits.

Unavailable Second
Unit used to measure the quality of transmission. If a UAS occurs the

data communications link cannot transfer data.

Virtual Container

Structural part of an STM-1 frame consisting of path overhead and a
container. The different types of virtual containers are denoted as
follows. VC-n(n=1, 2, 3,4, 11, 12)
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1. INTRODUCTION

The definition of SDH: The SDH (Synchronous Digital Hierarchy) is a
hierarchical set of digital transport structures, standardized for the transport of
suitably adapted payl oads over physical transmission networks[1].

Before going into SDH it is good to go through the situation preceding SDH.

1.1 PDH - Plesiocronous Digital Hierarchy

PDH was introduced in the 70's together with the digitization of the transmission
networks. It is intended for the usage of telephone traffic. The basic transfer rate in
PDH is 2.048 Mbit/s (E1), which is, made out of 30 64 kbit/s voice channels. This
E1 signal is then multiplexed in the PDH network via 8.448 Mbit/s (E2) and 34.368
Mbit/s (E3) signals into 139.264 Mbit/s (E4) signal. This E4 signal contains 1920
multiplexed voice channels. The multiplexing of four E4 signalsinto one E5 signal,
that is 565 Mhit/s, was introduced in the early 90's but it did not have great success
mainly because of the widely spread SDH. Regardless of its name PDH is
synchronous till the rate of 2.048 Mbit/s when 30 voice channels are multiplexed

synchronously into one E1 signal.

64 kbit/s

S [E1]
_ 2.048 Mbit/s [E2]
— : [E3]
| 8.448 Mbit/s| 34.368 Mbit's [E4]
J— 139.264 Mbit/s
< Synchronous > < Plesiochronous >

Figure 1. Multiplexing of PDH.
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None the less there are some limitations in PDH. First of all the transmission rate for
every input in the same multiplexer must be roughly taken smilarly (this means e.g.
when multiplexing E1 signals into an E2 signal). This causes the inconvenience in
multiplexing when the difference in the local clock and the clock in each different
input makes the bits randomly overlapping. This harnessis handled by using fill bits.
The inconvenience using this method is that every fill bit requires an address making
it rather wearisome. Other limitation isthat in order to get one 64 kbit/s signal out of
the multiplexed signal whole signal must be demultiplexed into the lowest level.
This brings double fees because the signal must be multiplexed back into the
preceding level.

PDH is aso a point-to-point hierarchy where there has to be a physical connection
for each connection and therefore there is no space for the management of the
system. This makes the connections between networks complex when one is using
several different local area networks.

The network management and control is very limited in PDH networks because
there are no free bits in the frame. Another problem are also the vendors making
network elements by their own standards. This means that the interaction between
networks of different vendors isimpossible. In afew words PDH isavery rigid and
expensive transport technique. There really was a need for a faster, more flexible
and more economical transport technique.

1.2 History of SDH

When standardizing SDH the frame for the development was taken from the
SONET, which was introduced in the Bellcor€'s laboratory in 1984. The goal of
SONET was to make multiplexing easier, to control plesiochronous systems, to
normalize optical interfaces, to ameliorate the control of optical network and to
ensure a smooth transition into the ATM network. Not taking everything into
account one might say that SDH is like SONET, which contains the PHD bit rates 2
Mbit/s and 34 Mbit/s.

Veritable work for the SDH standard begun in CCITT in June 1986 aiming to create
a worldwide standard for synchronous data transfer systems and by using this

14



standard the vendors could manufacture flexible and economical networks. The first
standards for SDH were approved in December 1988. These standards were G.707,
G.708 and G.709. Nowadays the development of SDH standards is done in two
different standardization committees: ITU-T and ETSI.

1.3 The basic ITU-T recommendations for SDH

Recommendation G.707 defines the bit rates for STM-N signals in SDH technol ogy,
frame structure for STM-N signals, the mapping and multiplexing of PDH and ATM
elements into a STM-N frame,

Table 1. Bit rates of STM-N signals

STM-1 155 520 kbit/s
STM-4 622 080 kbit/s
STM-16 2 488 320 kbit/s
STM-64 9 535 280 kbit/s

Recommendation G-708 defines the location of a node in the network, the structure
of frame (STM-1 and its elements), the usage of overhead bytesin the frame and in
the STM-N structure and the channeling a STM-1 into STM-N.

Recommendation G.709 defines how to construct signals accordant with North
American or with European hierarchy into an STM-1 frame [2]. This
recommendation enables the augmentation and the deduction of the reserved space
in a frame so that the anomalous signals to SDH bit frequency (asynchronous and
plesiochronous signals) may be transferred viaa SDH system [3].

1.4 The benefits of SDH

Many improvements were introduced alongside with SDH. First of all the principles
of direct synchronous multiplexing in SDH standard are the key to more economical
and flexible data transfer system. This means that a single lower level signal can be
directly multiplexed into a SDH signal with higher bit rate and this is done without
any consequential multiplexings. The network eements in a SDH network can also
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be installed "directly” into the network in use. This brings substantial savings to

operators.

SDH was also designed with an idea of network management and control and
because of this about 5% of the signal structure in SDH is defined to support these
procedures and the utilization of these procedures.

It is also possible to transfer all tributary unit signals used in different
communications networks. For thisreason it is very easy to take SDH into use in the
networks currently in use. Using SDH it is possible to achieve greater flexibility.

16



2.

SYNCHRONOUS DIGITAL HIERARCHY

2.1 STM-1 frame structure

Transmission of information in SDH is based on STM-1 frame structure. All data
that is to be transmitted is aligned into 155.52 Mbit/s frames that contain also the
address information. An STM-1 frame is constructed from 270 columns and 9 lines.
This makes a total of 2430 bytes. Each byte contains 8 bits so the total amount of
bits in one STM-1 frame is 19 440. The frame is read one line at time from left to
right and from up to down 8000 times per second, which is the speed of 64 kbit/s
channdl. Thisis how we get the time for one frame that is 125 nrs. Using this we can
calculate the transmission rate of one STM-1 frame 19 440 bits / 125 ns = 155.52
Mbit/s.

P 9columns | 261 columns ,
V' N
RSOH Virtual container
3 VC-4
A AU-Pointers .
H 9Lines
5
M SOH
9
v
1 9 10 270

Figure 2. STM-1 frame

The first nine columns in STM-1 frame make the section overhead, SOH. The bytes
in section overhead are used to e.g. for control of the network, for noticing the start
of frame, to point the start of the payload and for natification of the errors. The first
three rows in SOH form the regenerator section overhead, RSOH and the five lowest
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rows form the multiplexer section overhead, MSOH. The AU-pointers are situated
in the fourth row of section overhead. AU-4 pointer is the only pointer standardized
in SDH.

The last 261 columns form the virtual container 4, VC-4. This is divided into two
parts, which are path overhead, POH and container, C-4. Path overhead is the first
column in virtual container aka the tenth column in the whole STM-1 frame. It
contains alarm and service information and routing information for end to end
connections. It is always generated in the same SDH node where the payload enters
SDH network. Path overhead is aways routed with the payload and it is
disassembled only when the payload exits the SDH network.

2.2 Higher level STM frames

When there is a need for greater transmission capacity than 155.52 Mbit/s STM-1
frame can offer, one can use transmission rates offered by the higher STM levels. By
multiplexing byte interleaved STM-1 frames one can build transmission rates
multiple to an STM-1 frame. When the higher-level transmission rates are exactly
the multiplication of an STM-1 frame both the multiplexing and the de-multiplexing
are smple operations. There is even no need for the manipulation of pointers. Byte
interleaving means that bytes are collected one byte at the time from each
subsystem. SDH interleaving is done one column at the time. E.g. the first column in

STM-4 frame is the first column of the first STM-1 frame, the second column in

STM-4 frame is the first column of the second STM-1 frame and so on. Thisis done

till al the columns are interleaved.
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Figure 3. Congtruction of STM-4 frame

STM-16 signal is multiplexed with the same manner from four STM-4 signals. Only
the section overhead from the first STM-1 frame is used to monitor the higher-level
frame. However each STM-1 frame has it own identifier in the section overhead.
Even though the transmission rate is quadruple to the original every lower-level byte
is fill to be directly pointed from the higher-lever hierarchy frame. [4] For example
it is easy to write and read one certain 2 Mbit/s time dot from STM-16 frame when
necessary. Even a single 64 kbit/s speech channel is to be pointed providing that the
2 Mbit/s signal is mapped byte synchronoudly into an SDH frame.

2.3 Construction of an STM-1 frame

The most important part of a frame is virtual container VC-4, which consists of
container C4 and path overhead. Container is meant to support the transportation of
various tributary unit signals in SDH network. It provides with all 2340 bytes a
transmission rate of 149.75 Mbit/s, which is especially designed for the transmission
of 140 Mbit/s tributary unit signal. [5]
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Construction of an STM-N frame is a complex process, which contains mapping,
multiplexing and several different operations with overheads. It is best to start from
the beginning.

The very first thing to do is to frame the tributary unit signal. Doing this forms the
container. Thisis essential because the containers do the actual transmission of data
in SDH networks. in order to ensure the consistency for all transmission capabilities
in SDH the size of a container is dightly larger than the actual size of a tributary unit
signal. The size of the original signal is increased to a well defined fixed speed in
framing by positive bit based stuffing. Stuffing makes the signal synchronous. For
example 140 Mbit/s tributary unit signal must be synchronized to a container with a
transmission rate of 149.76 Mbit/s

Next the path overhead is added to a container. Only after this operation virtual
container is formed. Virtua container forms a transparent channd in SDH network.
The process where a tributary unit signal is packed into a virtual container is called

mapping.

The phase compared to higher-lever virtual container is defined after mapping to
lower-level virtual containers. The definition of location is also done before
multiplexation into higher-lever virtual containers. The information on the location
is stored into TU pointer. Virtual container together with TU address forms a
tributary unit.

After the definition of tributary unit several tributary units are multiplexed into a
tributary unit group, TUG. After this operation is done the location of a VC-4
compared to an STM-1 frame is defined. This information is stored into AU-4
pointer. Virtual container VC-4 and AU-4 pointer form together an administrative
unit - 4, AU-4. The AU-4 pointer is always in a fixed position in  STM frame.
Instead VC-4s can float compared to an STM frame. This means that a VC-4 can
dide comparison with STM frame. Because of this ability a VC-4 can be Situated in
two successive STM-1 frames. Same way can the lower leve virtual containers dide
within VC-4. The administrative unit group, AUG, is formed before the final
deposition. This administrative unit group can be directly multiplexed into an STM
frame with equivalent size.
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Finally multiplexer section overhead, MSOH and regenerator section overhead,
RSOH, are added into AUG. After this is done the STM-1 frame is ready. These
STM-1 frames can be multiplexed into higher-level STM-N frames when needed.
The multiplexing structure is showed in following figure.

140
Mbit/s

iC—4|
——————
N .
° x X 34 Mbit/s
[=]

~~~~~~ N x1
:l Pointer operation (@) - ><_3 w vC2 2 6Mbitis
~
<4 Mappin i ~
ap_p 9 ’r\glafg'f';? XZ\\ TU-12 |4 vC-12 C-12 | 5 Mmbits
- Phasing SONET ~
€~ Mutipedng Lot fe-fve i j—f cit ] 1 5mpivs
C = Container
VvC = Virtuel Container
TU = Tributary Unit
TUG = Tributary Unit Group
AU = Administrative Unit
AUG = Administrative Unit Group

Figure 4. Multiplexing structure of an STM-N frame

2.4 Tributary Units

Tributary units are needed for the deposition of lower-level tributary unit signal,
others than 140 Mbit/s signal. TUs are mentioned to support the transportation and
the coupling of containers, whose capacity is considerably smaller than the capacity
of VC-4. TU frame is designed to fit neatly into an STM frame. This gives
substantial aid to multiplexing.

There are four different TU frames TU-11, TU-12, TU-2 and TU-3. These frames
are presented in figure 5.
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Figure 5. Tributary units

Different size tributary units can be multiplexed into a VC-4 container by the
following way: 84 TU-11s, 63 TU-12s, 21 TU-2s and three TU-3s. Nothing prevents
from multiplexing various tributary units into a same VC-4. One must only
remember not to exceed the capacity of VC-4 and take TUG structures into account.

The frame structure of tributary unit resembles a miniature transmisson frame
structure. It is created by mapping a lower-level tributary unit signal into the
"container” of tributary unit. In other words a low order path overhead is added into
a lower-level tributary unit signal in order to create a virtual container (VC-11, VC-
12, VC-2 or VC-3 depending on the type of tributary unit) for tributary unit. After
thisis done the virtual container islinked into tributary unit frame with a TU pointer.

TUs have two different types of action "floating” and "fixed". Floating mode is
designed to minimize the delay in the network and to ensure effective cross-
connections in TU level. This is reached by allowing the floating of each TU
between the VC-4s. The downsize of this is that every TU requires its own pointer

which was mentioned previoudly.

The locked mode is especially designed to minimize the complexity of interface and
for the mass transportation of 2 Mbit/s signals in end to end connections. This is
achieved by "locking" separate TUs into well-defined places in VC-4. This is the
reason why there are no pointers required in this mode. This on the other hand
makes it impossible to use locked mode in applications where TU-level cross-

connections are required..

22



2.5 Overheads in STM-1 frame

There are three kinds of overheads in STM-1 frame path overhead, POH,
regenerator section overhead, RSOH and multiplexer section overhead, MSOH.
These overheads are used for the control and the maintenance of the network. Figure
6 shows the overheads in STM-1 frame by byte.

( | Framing | Framing | Framing | Framing | Framing | Framing Ident Path Trace
Al Al Al A2 A2 A2 JO J1
Regenator BIP8 Orderwire User BIP-8
Section 4 Bl El F1 B3
Overhead Datacom Datacom Datacom Signal Label
D1 D2 D3 Cc2
. Pointer | Pointer | Pointer | Pointer | Pointer | Pointer | Pointer | Pointer | Pointer [ Path Path Status
H1l H1 H1l H2 H2 H2 H3 H3 H3 Layer Gl
(| BIP24 >  APS APS Over-/ ser Channel
B2 | B2 | B2 | K1 K2 head F2
Datacom Datacom Datacom Multiframe
Multiol D4 D5 D6 H4
gp exer Datacom Datacom Datacom Use Channel
tion D9 73
Overhead D7 D8
Datacom Datacom Datacom APS
D10 D11 D12 K3
Sync gtat.| Growth | Growth | Growth | Growth |Transerr.|Orderwire Tandem con.
Sl Z1 Z1 Z2 Z2 M1 E2 N1

\
Figure 6. STM-1 overhead structure.

2.5.1 Path overhead, POH
Only the high order path overhead, HO-POH is discussed in this chapter. Low order
path overheads, LO-POH , which are used with TU-11 and TU-12, are not discussed
in detail. The information necessary to know about LO-POHSs is that they have the
length of four bytes and they lack the bytes to monitor the quality and the
maintenance channels. Path overhead is used to monitor the quality and it also gives
the information about the type of the container.

Table 2. Bytes in section overhead and their functions.

J1: Path indication. This byte is used to send a 16 or 64 byte message byte per
byte. Every route in SDH network has it own message.

B3: Quality monitoring. A error check byte for route error.
C2.. Container format.
Gl: Transmission error acknowledgement.

23



F2: Maintenance channel between operator's terminal equipment.

H4: Superframe indication.

F3: Same as F2 but the utilization depends on the virtual containers in use.
K3: Automatic protection switching for VC-4 paths.

N1: Tandem connection monitoring.

2.5.2 Multiplexer Section Overhead
The information about checking parity and protection switching is transmitted via
multiplexer section overhead. It contains also data and voice channels. AU pointers
are also loosaly connected into it.

Table 3. Bytes in multiplexer section overhead and their functions.

B2: Quality monitoring, parity bytes.

K1 and | Automatic protection switching (APS) control. The whole K1 byte and bits 1 to
K2: 5 in byte K2 are used to this.

D4-D12: | Data communications channel (DCCM) makes a 567 kbit/s data channel, which

can be used to the transmission of user data or alternatively for the network

management.
S1: Clock quality indicator.
M1: Transmission error acknowledgement.
E2: Voice connection byte can used to communicate between multiplexers with a

special maintenance phone.

2.5.3 Regenerator Section Overhead, RSOH
The most important task of regenerator section overhead is the alignment of the
frame. It has also channels both to voice and data and a parity check.

Table 4. Bytes in regenerator section overhead and their functions.

Al and | Frame alignment bytes are always in the beginning of every STM-1 frame. The
A2 content of these bytes is 11110110 00101000.

Jo: Trace identifier that is formed from 16 JO bytes sent in row. Trace identifier is
used to make sure that the message received is coming from the right place.

B1: Quality monitoring byte is used to monitor bit errors.
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El: Voice connection byte can be used to voice communication between

regenerators.

F1: User byte is freely available for temporary data and voice connections.

D1-D3: Data communications channel (DCCR) makes a 192 kbit/s data channel,
which can be used to the transmission of user data or alternatively for the

network management.

2.6 Network elements in SDH

Network elements in SDH are divided into three different groups. synchronous
transmission equipment, multiplexers and cross-connect equipment. Standard for
synchronous transmission equipment is divided into two recommendations:
recommendation for optical interfaces and recommendation for optical transmission

equipment. [2]

Terminal multiplexers, regenerators and synchronous transmisson multiplexers
belong to synchronous transmission equipment. Equipment is in reality more a part
of afunctional system than a separate physical unit.

2.6.1 Terminal multiplexer
Terminal multiplexers are used to combine plesiochronous and synchronous input
signals into higher bit rate STM-N frames. Terminal multiplexer does not contain
any functions for cross-connections. Lower bit rate signals are placed into a fixed
place in output SDH frame. This place depends on the configuration of the node in

use.

2.6.2 Regenerator
Regenerators, as the name implies, have the job of regenerating the clock and
amplitude relationships of the incoming data signals that have been attenuated and
distorted by disperson. They derive their clock signals from the incoming data
stream. Messages are received by extracting various 64 kbit/s channels (e.g. service
channels E1, F1) in the regenerator section overhead. Messages can aso be output
using these channels. [6]
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2.6.3 Add and Drop multiplexer
Add and drop multiplexer

“NEmE
i

e

WEST

STM-N STM-N

v v v v

PDH signals and lower-level STM-N signals

Figure 7. Add and Drop multiplexer

The most used multiplexer is add and drop multiplexer, ADM. This network e ement
is especially designed to function as a network element in SDH ring. It has two bi-
directional STM-N interfaces and a group of PDH and/or lower bit rate STM-N
interfaces. Anyhow the main part of the traffic goes directly through ADM node
from one STM-N interface into another. Multiplexer contains a limited amount of

functions for cross-connections between STM-N interfaces and other interfaces. [4]

2.6.4 Digital cross-connect
Digital cross-connect, DXC, is the most functional of all network elements. They
have interfaces for PDH and/or lower bit rate SDH signals and they can also manage
these signals. Digital cross-connect disassembles the containers from all input
signals. It can route all input signals (or parts of these signals) to any output signal,
from one hierarchy level to another. It alows aso mapping of PDH tributary signals
into virtual containers and vice versa. Normally the switching is done with the usual
containers (VC-12, VC-13, and VC-4). So this network element enables full cross-

connections between the interfaces.
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Figure 8. Diagram of digital cross-connect

Digital cross-connects are used in places where there are several different signal
coming into aone place. Signals must be perfectly built up or otherwise cross-
connect will generate alarms and the measurement of the network will be difficult or

even impossible. [6]

Digital cross-connects are very complex network elements and therefore network
operators try to minimize the use of cross-connects in their networks and try to

replace them with cheaper add and drop multiplexers, where ever it is possible.

2.7 SDH network span

SDH networks are subdivided into various layers that are directly related to the
network topology. These layers ease the management of network and make it also
more flexible. The lowest layer is the physical layer, which represents the
transmisson of medium. This is usually a glass fiber or possibly a radio-link or
satellite link. After this layers are referred to as segments. Each of these segments
has its own overhead, which are RSOH, MSOH, POH and VC-POH. These
segments are introduced it figure 9 with their overheads.
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Figure 9. Paths and sections in a SDH network
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Path in s SDH network is alogical connection between the point where the tributary
unit signal is assembled into a virtual container and the point where the virtual
container is disassembled. VC-4 level path is called a higher-level path and other
VC-level paths are called lower-level paths. An example of alower-level path is a
path where 2 Mbit/s signal is assembled into aVC-12.

Regenerator section contains the transmission path and the network elements related
to it. Regenerator sections can be situated between a regenerator and a node or
between two regenerators. Regenerator section overhead is disassembled when the
signal entersthe regenerator and assembled when it |eaves the regenerator.

Multiplex section contains the part of SDH link between two successive
multiplexers (this means SDH multiplexers and digital cross-connects). Multiplexer
section overhead is assembled in the first node from the arrival direction of signal
and it is disassembled in the following node. These operations are not carried out in

regenerators.

2.8 Pointing the payload from STM-1 and the pointer operations

Payload is pointed inside the STM-1 frame with the pointers. These pointers contain
the information about the phase of the virtual container relative to the higher virtual
container. This phase can alter in SDH equipment because of the cross-connection
operations or because of the restart of the nodes. Adjustment of differences in
transmission rates of different signals and non-synchronousity can also have some
effect on the change of phase.
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Figure 10. The principle of pointing the payload in STM-1 frame [7]

2.8.1 AU-4 pointer
Au-4 pointer is used to point the beginning of the payload in STM-1 frame. Strictly
AU-4 pointer is used to locate the place of the first byte, J1, in VC-4. This byte is
more often situated in different place in the STM-1 frame than the first byte of
payload. One must notice that the value of this pointer can only be altered in every

fourth frame.

One of the features of SDH network is the previoudy mentioned sliding of payl oad
from one frame to another, when the signal is not synchronous enough. In this case
the AU-4 pointer is used to adjust the bit rates of payload and STM-1 frame.

1 9 10 270

Bytes for negative adjustement
y ™ ' Bytes for positive adjustememnt

s o] 2] o 7

H1Y Y|H21*l*

the beginning of VC-4

»
'|

Y = 1001 SS11 (S bits undefined)
1* =11111111

Figure 11. The use of AU-4 pointer [7]
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Positive adjustment is used to compensate the smaller bit rate of payload compared
to STM-1 frame. In order to have the correct bit rate for payload three bytes per
adjustment are added after the H3 bytes. These three extra bytes contain only
irrdlevant information. The value of the next pointer is increased by inverting the |
bits. After this operation the positive adjustment is done.

Negative adjustment is used to compensate the larger bit rate of payload compared
to the bit rate of STM-1 frame. The payload is made to fit into the frame by filling
the H3 bytes with payload, which does not fit into the container. The value of the
next pointer is decreased by one by inverting the D hits.

The H1 byte in AU-4 pointer contains four New data flag bits (N bits) and two S
bits. The s bits tell the type of AU pointer. The value "10" in S bits means that it is
AU-4 pointer. The N bits can have two values "0110" and "1001". Vaue "0110"
refers to a normal operating state. Situation where one of the bits in previoudy
mentioned valueis not correct is also interpreted as normal operating state. [7]

H1 H2 B3

| NNNNSSID | IDIDIDID | Negative adjustment } Positiveadjustment |

Thelength of pointer, 10 bits

v

<
<

AU-4 pointer

Figure 12. The structure H1 and H2 bytes in AU-4 pointer

When the N bits have the value of "1001" the pointer value is allowed to change into
a completely new value. This kind of situation occurs when successive TUs are
concatenated. One bit error is allowed also in this situation but all the other values

areinterpreted asfalse.
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2.8.2 TU-3 pointer
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Figure 13. Sructure of TU-3 pointer and C-3 mapping

H1 and H2 bytes in TU-3 pointer are used to point to the beginning of virtual
container VC-3. H3 byte is used to negative adjustment as the H3 bytes in AU-4
pointer.

The bit rate adjustment and the processing of bits is done by the same principles as
in AU-4 pointer. Processing is however done one byte at the time and not three bytes
at thetime asin AU-4 pointer.

2.8.3 TU-1 and TU-2 pointers
TU-11, TU-12 and TU-2 pointers enable flexible placement of virtual containers
VC-11, VC-12 and VC-12 into over frames TU-11, TU-12 and TU-2. Over frame
means that sub unitsin level TU-1 and TU-2 are spread into four higher level virtual
containers. The duration of one over frame is the duration of four VC-4 that is 500
ns. When this spreading operation is done the pointer structurein TU-12, TU-11 and
TU-2 sub unitsis disassembled. [7]
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2.8.4 Concatenation of TU-2s
By concatenating one can raise the capacity of one channel by combining several
virtual containers together. At the moment there are two standardized ways to do the
concatenation with TU-2s. Those ways are virtual concatenation and concatenation

of consecutive TUSs.

The concatenation of consecutive TU-2s requires operations with the N bits. The
common path overhead for all concatenated TU-2s is sSituated in the first TU-2.
Allocation and flexibility of transmission capacity are wesakly redlized. [7] By
concatenating successive TU-2 one forms a VC-2-mc structure, where there are m
pieces of VC-2s belonging together. These VC-2s are being transmitted
concatenated in m TU-2 sub unit.

In the virtual concatenation there is no need for the TU-2s to be Situated consecutive.
The limitation in this is that the concatenated sub units must be situated in the same
VC-4. Other requirement is that the network elements in use must support this type
of concatenation. Now there is no need to operate the N bitsin TU pointers. Pointer
value for each concatenated TU must be the same in the transmission end. Thereis
also less capacity in the virtual concatenation because every TU-2 must have its own
path overhead.

Also higher-level signals can be concatenated together. This happens when thereisa
need for greater capacity than the one provided by STM-1. Mostly the reason for this
type of concatenation occurs when the transmitted signal is 622.08 Mbit/s ATM
signal. The exampleis the concatenation of STM-4s.

Usually STM-4 signal is formed from four different STM-1 signals with byte
interleaved multiplexing. The result of thisisthat there are four separate VC-4s with
their path overheads in the virtual container of STM-4 signal. Where as in the case
of concatenated STM-4 (STM-4c) the whole virtual container isfilled with one VC-
4-4c, which has only one path overhead. By doing this one can transmit tributary
unit signal up to the bit rate of 600 Mbit/s. When the VC-4-4s is formed the virtual
container is transmitted through the whole network as one entity.
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2.9 SDH network topologies and structures

SDH network as all other transmission networks has several different basic network
topologies. When designing a network the things affecting the choice of the
topology to be used are the network application, the complexity of the network, the
wanted reliability, geographical aspects and the current network in use.

The structure of network is also affected if there is a need for unidirectional, bi-
directional or broadcast network structure.

In the unidirectional structure the signal is transmitted only into one direction via
one SDH network element. Distribution of video could be one application for the use
of this type of coupling. In the bi-directional structure there are bi-directional cross-
connects in the SDH network e ements. Bi-directional structure is used for needs of
telephony and communications.

In the broadcast structure the incoming virtual container is coupled in SDH network
element into several outgoing virtual containers. For example The Finnish
broadcasting company Y leisradio uses this structure as a part of its network.

2.9.1 Point-to-point connection
The smplest network type is the point-to-point connection. A network of this type
consists of two nodes and the network between them. The special case in end to end
connections is the star structure, where there is a cross-connect in the middle of

several point-to-point connections starting from this cross-connect.

The type of protection with point-to-point connections can be either 1+1 or n+1
protection, whenever it is needed. In 1+1 protection there are as many protection
connections as there are connections in use. In n+1 protection there is only one
protecting connection per n connections.

Thereisalso athird way to secure the connection so that thereis no data going in the
protecting connections, when the network is functioning normally. This protection
typeis called n+m protection. The marking means that there are n connections that
are protected by m connections. This is by far the most complex way to do the
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protection of the connections and therefore the first two ways are the most frequent
ways to do the protection.

Beside these explained ways to do the protection there are also 1:1 and n:m
protections, where the non-prioritized traffic can be transmitted via the protecting
linein situation where the network is functioning normally. [8]

2.9.2 Chain network

The chain network is formed out of several consecutive network elements. Add and
drop multiplexers can be used to take the tributary unit signal out from the network.
Tributary unit signals can be added alike. Branching of the STM-1 level signalsis
done with the cross-connects.

Terminal l——
multiplexer

1 | Terminal 12 ADM
—| multiplexer |--

Regenerator Regenerator
1.Tributary unit signal 1 o
2. STM signal _yr Protection line

ADM = Add and drop multiplexer
Figure 14. A chain network with 1+ 1 protection

2.9.3 Ring network
The inherent protection feature is typical for the ring networks. Error in transmission
medium or in node does not cut the traffic in bi-directional ring networks. This type

of protection requires that the capacity of transmission is doubled in the case of error

situations. [7]
W] ) ]
1. STM signals
ADM 1 ADM 2. Tributary unit signal
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Figure 15. Ring network implemented using add and drop multiplexers.



2.9.4 Mesh network
There are plenty of physical connections between the SDH network elements in
network structured using mesh topology. The situation can be so radical that there
are connections between every network element. This means that there are
innumerable way to do the switching using mesh network solution and the network
done like this has a very reliable and large capacity. This complexity makes it very

hard to manage especially when it comes to synchronization.

DXC DXC
X X
DXC
X
DXC DXC

X X

Figure 16. The principle of Mesh network topol ogy.

2.10 Errors when transmitting data in SDH network

Transmission in SDH networks is mainly optical. Optical transmission is not as
sensitive for faults as electrical transmission. Fiber optic cable has fewer interactions
with the environment than eectrical cable, where many different errors can be
coupled. Fiber optic cable has anyhow errors caused by its physical characteristics
such as. the attenuation in fiber optic cable, absorption, scattering, radiation losses
and the distortion of optical signal. The greatest threat is anyhow the break of the
fiber.

When a cable break or a failure similar to it happens, SDH network re-routes all
traffic in few milliseconds. STM frame provides the information what to do if the
frame cannot reach its recipient. This information is always added into well-defined
bytes. The most common instruction in the case of cable brake is to go back the
same route and try to reach the end point using different route. When this re-routing
is done add and drop multiplexer notices the re-routed frame and it commands the
switch to change all data going to this non-functioning line into an alternative route.
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2.11 Overview of data transfer

There are several different quality parameters defined for data transfer. This study is
founded on ITU-T recommendation G.826. According to this recommendation the
performance observation is based on the allocation of bit stream into blocks. The
whole performance observation will return into comparison of parameters and

definition of some boundaries for these parameters. [9)]

2.12 Definitions in error examination

Block

Block is a group of successive hits in transmission medium. Every bit belongs only
to one block. The size of block and the number of bits in one block vary depending
on the transmission rate of transmission medium. Every block is being supervised by
a certain error identification code. Cyclic redundance check and bit interleaved
parity are examples of those codes. The error definition codes can be physically
stuated in a different place than the block they are supervising.

Error Block, EB

Error block is a situation when the information in the error identification code isin
conflict with the bit content of block. In principle there can be an error ether in the
code or in the block but the supposition isthat, when the conflict occursthe reason is

an error in the block.
Error Second, ES

Error second is a unit that has a length of one second and contains one or more error

blocks.
Several Errors Second, SES

If a period of one second contains more than 30% of error blocks it is called several

errors second. SESisa sub-group to error second, so it isalso error second
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Background Block Error, BBE

Background block error is a definition of an error that is not happening within

several error second.
Unavailable Seconds, UAS

Unavailable seconds define the time of disuse. When ten successive several error
seconds have occurred it is said that the transmisson medium is in disuse state.
These ten seconds are also counted into disuse time. When ten successive seconds
without SESs occurs the transmission medium is again in usability state.

2.13 Alarms

Some most important alarms in SDH network are explained next. SDH equipment is
set into alarm state if one specified error situation occurs. There are about twenty
different alarmsin SDH systems.

Los Of Signal, LOS

LOS alarmisgiven if the SDH equipment notices that the signal level is below some
specification, usually so low that the information cannot be separated from noise.
There is also usually a measurement in network elements for both optical and
electrical power depending on the transmission medium.

Los Of Frame, LOF

When a SDH network equipment cannot receive correct frame bytes, the network
element defines the frame lost. LOF aarm is given only if the frame bytes are
incorrect during a certain time. When the network element recognizes the correct
bytes again the alarm is removed.

L oss Of Pointer, LOP

LOP aarm is triggered if the network element receives certain amount of faulty
pointers. Thisalarm is removed if three successive pointers are received perfectly or
every bit in three successive pointersis ones. In the latter case the alarm is AlIS.
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Degraded Signal, DEG

DEG alarm is given if the amount of alarms in transmission medium exceeds some

chosen value, which can vary between 1E5 — 1E9.

2.13.1 The consequences of the alarms

When a node in SDH network is set into alarm state. Information about this is sent
both forwards and backwards to the network. Transmission medium is divided into
downstream and upstream according to the direction of data transmission. When an
alarm is noticed for example in the regenerator overhead it would be a waste of
resources to analyze the same signal in lower-levels. Therefore in the section where
the error is discovered all the bits are set to one. When a lower-lever section realizes
that certain bits are one it admits the signal to continue straightforward after it has
changed the bits concerning the section into one. This signal where al bits are
eventually one is called alarm indication signal, AIS. AIS is therefore a result of
error Situation in downstream. [10]

The information about the error is sent also into upstream so that one can effect the
cause of error. The signal sent to upstream is remote defect signal, RDI, which tell
that the transmission medium cannot transmit any data.

2.14 Protection of connection

The type of protection depends largely on how much and how important the
protected traffic in the connection is. If there is only little "not so important” data
going in the network (this is not the case usually) equipment protection switching,
EPS, technique is used. In this technique the number of network eementsin useis
doubled. EPS 1+1 and EPS n+1 are the types of EPS.

If the amount of traffic is big the protection to be used is cable protection or/and
technique called automatic protection switching, APS. APS is further spread
technique than EPS.

Two basic types of protection architecture are distinguished in APS. One is the
linear protection mechanism used for point to point connections. The other basic
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form is the so-called ring protection mechanism that can take on many different
forms. Both mechanisms use spare circuits or components to provide the back-up
path. Switching is controlled by the overhead bytes K1 and K2.

2.14.1 Linear protection
The simplest form of backup is the so-called 1+1 APS. Here, each working line is
protected by one protection line. If a defect occurs, the protection agent in the
network elements at both ends switches the circuit over to the protection line. The
switchover istriggered by a defect such as LOS. Switching at the far end isinitiated
by the return of an acknowledgment in the backward channel.

1+1 protection architecture includes 100% redundancy, as there is a spare line for
each working line. Economic considerations have led to the preferential use of 1:N
architecture, particularly for long-distance paths. In this case, a single back-up line
protects several working lines. If switching is necessary, the two ends of the affected
path are switched over to the back-up line. The 1+1 and 1:N protection mechanism
are standardized in ITU-T Recommendation G.783.

The reserved circuits can be used for lower-priority traffic, which is smply
interrupted if the circuit is needed to replace a failed working line.

2.14.2 Ring protection
The greater the communications bandwidth carried by optical fibers, the greater the
cost advantages of ring structures as compared with linear structures. A ring is the
simplest and most cost-effective way of linking a number of network elements.

Various protection mechanisms are available for this type of network architecture,
only some of which have been standardized in ITU-T Recommendation G.841. A
basic distinction must be made between ring structures with unidirectional and bi-
directional connections.

2.14.3 Unidirectional rings
Figure 17 shows the basic principal of APS for unidirectional rings. Let us assume
that there is an interruption in the circuit between the network eements A and B.
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2.14.4

Direction y is unaffected by this fault. An aternative path must, however, be found
for direction x. The connection is therefore switched to the alternative path in
network elements A and B. The other network elements C and D switch through the
back-up path. This switching process is referred to as line switched. A smpler
method is to use the so-called path switched ring (see figure 17). Traffic is
transmitted simultaneously over both the working line and the protecting line. If
there is an interruption, the receiver (in this case A) switches to the protection line
and immediately takes up the connection.

B
"'%‘.JI . r'-';‘%
7 i " %
A f J % E‘} C
X X

b ¥

D

— working line

wem protection line
Figure 17 .Two fiber unidirectional path switched ring [ 6]

Bi-directional rings

In this network structure, connections between network elements are bi-directional.
This is indicated in figure 18 by the absence of arrows when compared with figure
17. The overall capacity of the network can be split up for several paths each with
one hi-directional working line, while for unidirectional rings, an entire virtua ring
is required for each path. If a fault occurs between neighbor elements A and B,
network element B triggers protection switching and controls network e ement A by
means of the K1 and K2 bytesin the SOH.

40



— working line

...... protection line
Figure 18. Two fiber bi-directional line-snitched ring (BLSR). [ 6]

Bi-directional rings provide even greater protection with 4 fibers. Each pair of fiber
transports working and protection channels. This results in 1:1 protection, which
means 100% redundancy. This improved protection is coupled with relatively high
costs.

2.15 Synchronization

Synchronous is the first word in the teem SDH for a very good reason. If
synchronization is not guaranteed, considerable degradation in network function,
and even total failure of the network can be the result. To avoid this worst case
scenario, all network elements are synchronized to a central clock. This clock is
generated by a high-precision primary reference clock (PRC) unit confirming to
ITU-T Recommendation G.811. This specifies an accuracy of 10™. This clock
signal must be distributed throughout the entire network. A hierarchical structure is
used for this; the signal is passed on by the sub-ordinate synchronous supply unit
(SSU) and synchronous equipment clocks (SEC). The synchronization signal paths
can be the same as those used for SDH communications.
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Figure 19. Clock supply hierarchy structure

The clock signal is regenerated in the SSUs and SECs with the aid of phase-locked
loops. If the clock supply fails, the affected network element switches over to a
clock source with the same or lower quality, or if thisis not possible, it switches to
holdover mode. In this situation, the clock signal is kept relatively accurate by
controlling the oscillator by applying the stored frequency correction values for the
previous hours and taking the temperature of the oscillator into account. Clock
"idands' must be avoided at al costs, as these would drift out the synchronization
with the passage of the time and the total failure disaster would be the result. Clock
"idand" is a situation where for example the clock signal coming out of SSU would
be defined as its own higher-level clock signal via several network elements. Such
idands are prevented by signaling the network elements with the aid of
synchronization status message (SSM, part of byte B1). The SSM informs the
neighboring network element about the status of the clock supply and is part of the
overhead.

Special problems arise at gateways between networks with independent clock
supplies. SDH network elements can compensate for clock offsets within certain
[imits by means of pointer operations. Pointer activity is thus a reliable indicator of

problems with clock supply.

2.16 Compatibility and coupling of SDH networks

Some errors in compatibility between different SDH networks can be aroused, when
new features are taken into use in new equipment and the old equipment does not
support these features. Originally ITU-T and ETSI recommendations concentrated
only on defining the optical and eectrical interfaces. Afterwards new guidelines
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have been found to support the functionality of the network. These features concern
for example the synchronization of the network, alarms when a false routing occurs,
the protection of the traffic and monitoring of the performance in the networks of
several network operators. [11]

An SDH operator using equipment and software only from one vendor can guarantee
the compatibility easily by updating the equipment one at the time when a new
features is taken into use. But problems arise when moving from one network to
another and these networks are operated by different SDH operators. If these
operators are also using different vendors crucial problems will arise and networks
can support different features. [12]

To ensure compatibility signals from all levels should be tested, as well as the
response of the network to these signals. For example if B2 errors are put into some
section but the REI will not return one must test that the network eement is
functioning if a REI send to it too.

2.17 ATM over SDH

In SDH the ATM cells are mapped row by row into C1, C12, C3 and C4 containers.
Pointer must point towards the place of J1 byte in floating payload. If the capacity of
the container is not the same size with the capacity of ATM bandwidth, ATM
bandwidth can be divided into to several STM frames by using either virtual or
contiguous concatenation. These techniques were introduced previously. Interesting
notification is that interfaces can be used asymmetrically. For example a user can
send using bit rate of 622 Mbit/s and receive the same information using 155 Mbit/s.
It ispossible to put 44 ATM cellsinto one C-4 container. This leaves 8 bytes unused
for the next céll.
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LABORATORY EXERCISE

3.1

3.2

3.3

3.4

Preliminary knowledge

There is no actual preliminary knowledge needed concerning the subject. It would
anyhow be preferable that the subject would be familiar for example from the course
S-72.420 Tiedondirtojarjestelmien suunnittelumetodiikka.

Group

The exerciseis donein groups of two persons.

Information about the exercise

Exercise is a part of the course S-72.141 Laboratory exercises in communications
technology. The exercise is done in the student laboratory room E306. The goal of
this exercise is to provide the students with greater knowledge on SDH technology
and so that he or she is capable to configure SDH nodes in order to create a data
communications link using the equipment in laboratory. The length of this exercise
is between 15 and 20 hours depending on the students basic knowledge on SDH.
Out of thistime 8 to 12 hours is reserved for familiarizing the material and studying
the subject. Time used in the laboratory is restricted into 3 hours and the rest of the
time goes in analyzing the results. Laboratory staff is responsible for the work done
in the laboratory.

Performing the exercise

Before the actual exercise done in the laboratory students must widen their
knowledge on SDH by studying this Introduction to SDH technology and by going
through W& G's Multimedia Toolbook SDHCBT. Using these sources and of course
the information found in Internet students should be able to answer the preiminary
guestions. After returning the preliminary questions students can reserve time to do
the laboratory exercise.
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3.5 Evaluation of exercise

The exercise is evaluated with grades pass/fail. Exercise, which is not passed, is

given back for corrections by the supervisor of the exercise.

3.6 Background of laboratory exercise

The equipment that is used to do the exercise is both in student and research use.

The equipment is described in figure 21.

P
ggi

©

@:

/ WORK STATION

Figure 21. Equipment used in the laboratory exercise

Table 5. Equipment in use

PC: Testing equipment:

1. Pentium 90 MHz 4. Wandel & Goltermann ANT-20E
SDH nodes: Beside these equipment there is also
2. Nokia STM-1/4 (3) a signal generator in use.

Attenuator :

3. 3M optical attenuator
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3.7 Content of the nodes

Each node contains the following plug-in units:
1 SU, Service Unit
1 2MTA 75W interface Plug-in Unit
1 2M 75Winterface Plug-in Unit
1 CU, Control Unit
1 SSW Cross Connect Unit
And with these plug-in units the following units:

Table 6. The differences in node constructions

Node name / Plug-in | TSW STM-1 STM-4
Unit

Helsinki 2 3 2
Imatra 2 2 2
Tampere 1 2 1
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4. PRELIMINARY EXERCISES

The goal of these preliminary questions is to provide the student with adequate
information on SDH so that they can do the laboratory exercise. After solving these
guestions return the solutions to your supervisor. If the solutions are correct you may

reserve the time to do the 3 hours laboratory exercise.

1. Present the STM-1 frame structure with all overheads.

2. What are the sectionsin SDH and what they contain?

3. Give some advantages on using synchronous data transfer.

4. Give some disadvantages on using synchronous data transfer.
5. Present situations where it is useful to use SDH.

6. How isthe 2 Mbit/s PDH signal mapped into VC-4?
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5.  WORK INSTRUCTIONS

5.1 Initialization of SDH network

Your network operator has given you a task to design a SDH network for a large
telecommunications company. Mechanics have already installed the nodes in their
places your task isonly to design the network between these nodes and configure the
network according to the needs of the customer. The nodes are installed into three
different locations. Oneisin the headquartersin Helsinki, oneisin the branch office
in Tampere and one is in top secret R&D department in the woods of Imatra. The
customer needs the connections and the bit rates listed in the following table.

Table 7. Customer's needs

Connection: Bit rate:

Helsinki > Tampere n. 400 Mbit/s
Helsinki > Imatra 30 Mbit/s, protected
Tampere - Imatra 30 Mbit/s, protected

What kinds of plug-in units you would use to create these connections? Remember

the limitationsin the plug-in units (see chapter 3.7).

Regardless of your plan the cable installation group has done the network presented
in the figure 22. The protection lines marked with dash lines are realized by using
the actual transmission lines. Before placing the cables make sure that the nodes are

49



equipped as presented in the chapter 3.7. When the cables are in places ask the
supervisor to check the connections you have made.

<
o= 30 Mbit/s
Tampere N\ § T ~._
R \ 30 Mbit/s, )
. *  protection =.o
\ : ~b

. < 30 Mbit/s,
. protection

Helsinki
Figure 22. Cable connections

When connecting the cables one must notice to connect the cable in Tx connector in
transmitting side to the Rx connector in recelving side. The plug-in units must also
be naturally alike (one cannot connect a STM-1 plug-in unit with STM-4 plug-in
unit). It is also extremely important to be very cautious with the cables because the
laser used in the optical interfaces is an A-class laser and can cause severe damage
in retina or even cause blindness. Make also sure that the cables are well coupled

because lousy coupling may give surprising attenuations.

The group which installed the cables hasn't protected the cable between Helsinki and
Imatra sufficient enough and this is causing extra attenuation in this link (install the
optical attenuator between the Tx connector in Helsinki and the receiving Rx
connector in Imatra). After the cables are connected the configuration begins.

5.2 Configuration of the network using Synfonet program

Open the Synfonet Node Manager program and the following window appears to
you.

50



]|

Cancel |

Manage Hode

—Mode Addrezs [lazt 12 digits]
DEADDEADOOOZ Details..
DEADDEADOOOZ _4|
123456739048
9576543210EF Refresh |
DEADDEADOOOT
-
el it [E|Ete

Figure 23. Definition of area and the nodes within it.

First you must define the area to be used. In order to do this click the upper Add
button and do the following definitions. The name of the area is Finland.

Table 8. Definitions of the area

Code:
AFI 39
IDI 246F
Area Address 00000116000000010001

When you have defined the area you must add the nodes you are going to be used in
the area. To do this you must click the lower Add button and add the node in the

following table.

Table 9. ID codes for nodes

Name of the node: System ID:

Helsinki DEADDEADO001
Tampere DEADDEADO003
Imatra DEADDEADO0002
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After definition of area and the nodes belonging to it you can configure the nodes by
choosing the node from the list and pressing the manage button. Open a Synfonet

program for each node. By doing this it is possible to configure several nodes at a
time.

5.3 Making a cross-connection

Before making the actual cross-connection it is useful to know if thereisasignal in
the cable or not. This is done in the node manager program by double-clicking the
plug-in unit you want to examine (the figure is from STM-1 plug-in unit). After the
window has opened open the optical SDH physical interface, OSPI and there define
the signal monitored. After this configuration send the information to the node by

going Data > Send to Node of by pressing Ctrl + S. This is very important to

remember to do after each configuration. Without this the nodes won't get the

information about the configuration and function as nothing has happened. Repeat

this action for every plug-in unit you are going to use. If everything is OK, it means
that a signal with certain signal level isbeing transmitted and received by the plug-in

unit, there should be only green lights in the node manager window.

Bl sTm-1 Unit(slot 12) = I
Tu: 107 dBm
R -20.7 dBrm
5P RST MST FAS, HFT HF

Figure 24. Monitoring the signal level

Cross-connects are needed when there is a need to transmit lower-level signals with
higher bit rate or when there is a need to extract these lower-level signals from
higher-level signal. Up to so far there has been no need for these cross-connections

but now a important 2 Mbit/s signal from Helsinki is wanted to be transmitted into

the R&D center in Imatra. First connect the signal in the 2 Mbit/s interface
connections both in Helsinki and Imatra.
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Let's start the mapping in Helsinki. First open the window to configure the cross-
connect by clicking it in the main window or by going Configure - Cross
connection or by pressing Ctrl + X. Now the signal to be transmitted is a 2 Mbit/s
PCM signal, so it is mapped into VC-12. Choose VC-12 in the cross-connect
window and press Add button after that.

The window opened is the window where one can edit cross-connections. In this
window you can see al the possible plug-in units which are capable to map VC-12
signals. CP1 (Connection Point 1) means the connector/interface where the signal is
arriving and CP2 means the connector/interface where the signal is going from CP1.

Now define the plug-in unit and connector you used to connect the PCM signal into
SDH network as CP1, for example Slot 4 2MTA - U4 2MTA 1. Now you have
defined the entry point for the signal. After this you must choose the CP2, for
example Slot 12 STM-1 - U12 STM-1 (1,1,1)#1. Your signal is now going via the
STM-1 plug-in unit in dot 12.

This connection should also be protected. In order to do this choose Protect and
there the connection you are going to use for protection, for example Slot 17 STM-4
-> AU4 1 - Ul7 STM-4 1(1,1,1)#1. Now you have to choose which connection
point you want to protect. In this case it is CP2, because it would be impossible to
protect the incoming signal. Finally choose the switching criteria, in this exercise
always automatic switching.
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Figure 25. Editing the cross-connection

Now your signal is going to Imatra using both main route and protecting route. Next

phases are de-mapping in Imatra and the mapping of the protection line via Tampere

to Imatra.

Keep always in mind in which VC-12 you have mapped your signal because it isthe

same "place” in the receiving end. Remember also which CP you are protecting.

If you cannot find the STM-N plug-in unit you would like to use to make cross-

connections with VC-12s you must close the edit cross-connections window and

configure the STM-N plug-in unit you would like to use. First double-click the MSA
(Multiplex Section Adaptation) button in the configuration window (figure 24.).

From here choose path terminated. This means that you have terminated the VC-4

you wanted and it is now possible to configure the lower-level virtual containers

within it.

After you have made all of the configurations you should be able to hear the PCM
signal. Now make sure that the protection line works by cutting the main line from

the attenuator. If you still hear the signal APS is working and the protection line is

configured correctly.



5.4 Effect of attenuation to 2 Mbit/s signal

Now when you have managed to map this important signal into the SDH network it
is time to measure some characteristics of the network. Tester to be used in the
measurements is Wanddl & Goltermann's ANT-20E. First let's examine how
attenuation affects on 2 Mbit/s PCM signal. Connect the coaxial cables which are
connected to ports [14] and [15] in the tester to the node called Helsinki and perform
the same kind of configuration as you did for the first PCM signal except do not do
the protection yet. This means that you map it to Imatra and there you must make a
loop using the connectors where you mapped the signal. Signal goesroute: Tester >
Helsinki = Imatra (loop) = Helsinki > Tester.

After completing this open file Application = Open in ANT-20 application manager
window. Here choose W& G Framed-2M-Errortest and press OK. Now the tester is
configured to do error test using framed 2 Mbit/s signal. Now press start/stop button
in thetoolbar. The tester starts sending 2 Mbit/ssignal.

Now attenuate the signal using the attenuator, as long as the plug-in unit in Imatra
announces that it is not receiving any signal. Do this attenuation relatively slow and
write down all the alarms that occurred during this attenuation from the tester. Write
down also the maximum attenuation after which the signal is no more recognizable
by the plug-in unit. Write down also the errors in the same order as they appear.

Alarms;

M aximum attenuation; dB
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5.5 Testing the APS with 2 Mbit/s signal

When you have done the attenuation measurement it is time to measure how

automatic protection switching works. In order to do this you must make the

necessary configurations for the protection line.

After having configured the protection line click the APS icon in the Signal
Structure toolbar. This opens the following window. The rest is easy just press

START and follow the instructions given by the tester.

T APS Time Meoasurement

Sensor

Gate time [t2]

Switch time limit [t1) |50

FET

|1|]|] ms

Press START

| stamt | | s

op I | Print i |Eam::ell

Figure 26. Measuring APS

Re-routing time:

Alarms;

Disassemble next all cross-connections made in VC-12 level from every node but

leave the cables intact.

5.6 Effect of attenuation to STM-1 signal

Next task is to route the optical 155 Mbit/s STM-1 signal coming from the tester
from Helsinki via Imatra to Tampere. Because there have been complaints about
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errors in the direct line between Helsinki and Tampere. So connect the cables from
the tester to the STM-1 plug-in unit, which has not been used yet, and start making
cross-connects. They are made with the same manner as the ones in the VC-12 level
except you are now making VC-4 level cross-connections. You should also make a
loop with the cable in the plug-in unit, which has not been used yet, and cross-
connect the signal to it. The signal should follow the following route: tester -
Helsinki > Imatra > Tampere (loop) = Imatra > Helsinki - tester.

If you cannot find the plug-unit you would like to use in the cross-connection editor
you must remove the VC-4 path termination from it. Remember to close the cross-

connection editor if you want to remove path termination.

After this is done open file Application = Open in ANT-20 application manager
window. Here choose W& G EXC STM1 - 1310 - 2M - Error test and click OK.
Now the tester is configured to do error test using STM-1 signal. Now click the
start/stop button in the toolbar. The tester starts sending 155 Mbit/s signal.

Next repeat the previous steps with 2 Mbit/s signal. Start attenuating the signal and
write down the errors and the maximum allowabl e attenuation.

Alarms;

Maximum attenuation; dB

5.7 Testing the APS with STM-1 signal

When you finish testing the attenuation it is timeto test how APS is functioning with
STM-1 signal. This means that you have to configure a protecting connection
between Helsinki and Tampere. The measuring is done as it was done with 2 Mbit/s

signal.
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Re-routing time:

Alarms;

5.8 Testing the synchronization in SDH network

Disassemble again all cross-connection you have made and build a connection only
between the tester and Helsinki node using 155 Mbit/s signal. This means that just
cross-connect the signal to loop in Helsinki node. After this connect the signa
generator to the Helsinki node using S1R connector. Configure the signal generator
to send 2.048 MHz sine wave with 1 V amplitude.

Next open the synchronization window in Helsinki node either going Configure -
Synchronization or pressing Ctrl + Y. After this you have the window presented in

figure 27.

Z8l synchronization = I

Hode Clock I Dutputi Dualityl

[~ Statuz kode
Current Source:  Internal % Priority List W futo Refresh
Health: Good skl | [ Calibrate Intemal Clock.
HOLD
= Hald-Ower
Priotity List | 4 | Name | Quality | Dete... | Aueailabilty
1 [nternal SETS Manual OF
4] |+
SOUrCes N arme | Quality | Deter.. | Aveailabilty ﬂ
Eut 51 2MHz .811 tanual Mot 0K
Eut 52 2hHz 811 tanual Mot OF
14 24 i1 GE.A12T Manual Mot OF d
114 244 if: 2 GE.A12T tanual Mot OF, -
i e R N .LI_I

Figure 27. Synchronization window.
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In this window you can define the source for the clock signal and the quality of this
signal. Now go to Source menu and choose Ext S1 2 MHz. Thisisthe signal coming
form the signal generator. Choose also the STM-1 plug-in unit where you have
installed the tester. After this add these signals as clock signals by clicking add
button. Now change the order of signals in the priority list so that the signal coming
from the signal generator isin priority one, the signal coming from the STM-1 plug-

in unit isin priority two and the internal signal isin priority three.

Begin measuring with the tester and start deviating (both higher and lower) the
frequency in the signal generator.

How many hertz you can deviate the signal form signal generator and the node still

acceptsthissignal as clock signal?

What alarms you get by deviating the clock signal?

Now the node should use the 155 Mbit/s signal coming from the tester as clock
signal. Re-start the measuring and start changing the transmission offset of the

signal. Thisisdonein signal structure toolbar.

:Signal Structure H= E3

auto  Time Edit Interface Loser Channel Idle  Trigger Aux  Offset  Help

B [R5 v] (58] (o] ]43) Txofis 1700 [[E]%F] Rx-ofsippm| - |rev[ - |[2]
TX e RX

PRBS15* ZM)’ 2M PRES15
[frm

DUT M u
frm

Figure 28. Sgnal Structure toolbar

How much offset you can add and the node still accepts this 155 Mbit/s signal as

clock signal.

What alarms you get by altering the offset?

59



5.9 Functioning after a blackout

The final measurement is to measure the time that it takes from a SDH node to be
available after a blackout. There is no need to change the cross-connections. Start
measuring with ANT-20E tester. Now turn the Helsinki node off and on quickly

using the fuse.

What alarms did you get?

What isthe rising time?
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6. EXERCISES

Answers to these questions must be returned within two weeks after the laboratory
exercise to the supervisor of the exercise.

When comparing results to recommendations it is useful to use tables. When
problems occur contact the supervisor.

1. How much can one attenuate Long haul signal and still use the connection?
(plug-in units in use are using Short haul signal) (long and short in this context

means certain power levels)

2. Compare the results to standards. (re-routing times etc.) Use ITU-T
Recommendations. (http://www.itu.int/ITU-T/ free access via computers in
HUT's network)

3. Why did you get different alarms when attenuating a PCM signal than with
STM-1signal?

4. Why did the alarms occur in order you wrote them down?

5. Sothat we are able to improve this exercise your feedback is very important to

us. We would like to know:
What was the most difficult in this exercise?
What was the most interesting and why?
Did learn anything in this exercise?
What would you like to know or learn more on this subject?

Comments and improvement suggestions?
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