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Appendix SH
SDH Principles

General

The Synchronous Digital Hierarchy is a communication protocol based on
hierarchic levels and designed for high speed digital data links operating on optical
fibre transmission bearers.

The protocol has been developed in view of the need for eliminating the limits set
by the asynchronous hierarchy so as to meet the growing demands for improved
flexibility and efficiency in line utilization.

Initially the principal object was to develop a synchronous network with optical
interfaces, designed and developed by different manufacturers, but all mutually
compatible.

Subsequently other aspects were also taken into consideration and a synchronous
system was defined which offered the following advantages compared with former
methods:

¢ simplified multiplexing/demultiplexing techniques;

® direct extractionfinsertion of lower speed tributaries without having to
multiplex/demultiplex the entire frame;

® exchange operations, administrative and maintenance capability.
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Synchronous Transport Module of Level 1

The STM frame is the basic unit of information of the Synchronous Digital
Hierarchy and is defined as the first level where the bit rate is 155.520kbit/s.

End-user information (Tributary Streams) is assembled within the frame into
blocks (Containers) and groups of blocks (Hierarchical Structures) according to
well defined procedures.

During the first two basic multiplexing operations, the plesiochronous and/or
synchronous tributary streams are assembled coherently according to their bit rate
(1.5-2-6-34-45-140Mbit/s) first into Containers (C-n, n= 1 to 4) and then into
virtual containers (VC-n, n=1 to 4) by adding to them each time specific groups
of bits (bytes).

Bytes added to form Containers consist of justification and stuff bits.

Bytes added to form Virtual Containers provide virtual container path information
(e.g. performance monitoring,alarm status indications) between point of insertion
of the tributary stream and its point of extraction.

An additional group of bytes (TU Pointer) is added to each basic Virtual Container;
this group occupies a specific position within the frame and locates the start of the
Container with which it forms a Tributary Unit (TU).

Tributary Units are multiplexed into a Tributary Unit Group (TUG) by single-byte
interleaving.

Two different types of Tributary Unit Group can be formed depending on the
transmission speed of the TUs included in the TUG: high-speed 34 or 45Mbit/s
(TUG3) and low-speed 6Mbit/s (TUG2).

Low-speed TUGs can be further multiplexed into Tributary Unit Group of higher
transmission speed.

Tributary Unit Groups are multiplexed into a higher level Virtual Container
(VC-n, n=3,4) to which groups of bytes are added to provide virtual container path
information between the point of assembly of the VC-n and its point of
disassembly.

An additional group of bytes (AU Pointer) is added to each VC-n; this group
occupies a specific position within the frame and locates the start of the Higher
Order Virtual Container with which it forms an Administrative Unit (AU).

Depending on the transmission speed (45 or 140Mbit/s), three or one AUs can be
assembled into an Administrative Unit Group (AUG); a group of bytes defined
Section overhead (SOH) carrying section information (e.g. section data
communication, error monitoring, APS signalling) is added to the AUG to form
the Synchronous Transport Module Level 1 (STM-1).

The structure of the STM-1 frame is illustrated in Fig. SH-1 in case of 140Mbit/s;
the parameters of the STM-1 frame are listed in Fig. SH-1.
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9 bytes 261 bytes N
- K
o
z |[STM=1_ |
(o]
° — v
= ; .
SOH . !

ADMINISTRATIVE
UNIT %AU)
POINTERS

, HIGHER
E|F|G|A|B D|E|F|G|A|B D|E|F|G| |LEVEL VC

e R E i E G E
- C : b| el ! Co Co D :
[TUG |

CINOTAN

TU POINTER : :

Nl

et PATH
.- ve-e OVERHEAD

STUFF AND

SOH = SECTION OVERHEAD
VC = VIRTUAL CONTAINER
POH = PATH OVERHEAD
TUG = TRIBUTARY UNIT

JUSTIFICATION BITS

GROUP PLESIOCHRONOUS [C]
STREAM
Fig. SH-1 Structure of STM-1 frame
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Parameters of STM-1 Frame

The Synchronous STM-1 frame (Fig. SH-1) is characterized by the following

parameters:
Structure 9 rows of 270 columns (bytes)
Frame width 2430 bytes 19440 bits
Type of frame 125us
Transmission speed 155.520Mbit/s
Byte-order of transmission row after row
from left to right
Bits-order of transmission The most significant bit of each byte
is sent first and the least significant
last
Section Overhead (SOH) Rows 1 to 3 and 5 to 9 of columns 1
to9
Payload all rows of columns 10 to 270

Tab. SH-1 STM-1 Frame Parameters

The STM-1 payload consists of different combinations of lower hierarchical order
containers.
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Containers

The container (Fig. SH-2) is the basic payload unit of the Synchronous Digital
Hierarchy.

Containers (C) carry end-user information and have different capacities which
make them compatible with the various bit rates of the plesiochronous system.

Containers are designated with the letter ”C” followed by one numeral; depending
on the value of these numerals, they are grouped into levels as listed in Fig. SH-2.

Container Stream
Level 1 Ci1 1.5Mbit/s
Ci12 2Mbit/s
Level 2 C2 6Mbit/s
Level 3 C3 34Mbit/s or 45Mbit/s
Level 4 C4 140Mbit/s

Tab. SH-2 Type of Containers

|_— Justification Bytes

C12

2Mbit/s Ne_

2Mbit/s

Fig. SH-2 C-12 Container
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Virtual Containers

A Virtual container (Fig. SH-3) comprises a single Container plus control
information appropriate to the level of the Container and designated Path
Overhead (POH).

The Path Overhead is provided for communication between the point of assembly
of virtual container and its point of disassembly.

Among the functions included in this overhead are path performance monitoring,
signals for maintenance purposes and alarm status indications.

The POH consists of one byte if added to a level 1 or 2 payload (1.5, 2, and 6Mbit/s
streams) and of nine bytes if added to a level 3 or 4 payload (34, 45 or 140Mbit/s
streams).

VCi2

2Mbit/s

-

2Mbit/s

Fig. SH-3 VC-12 Virtual Container

The contents of the two types of path overhead are shown in Fig. SH-4 &
Fig. SH-5.
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REI CODING RFI CODING RDI CODING
0 no errors 0 no failure 0 error check correct
remote failure 1 error check wron
1 one or two errors 1 indication wrong

SIGNAL LABEL CODING

000 unequipped

equipped non-
001 specific payload

010 asynchronous

o111 bit synchronous

100 byte synchronous

101 reserved

110 0.181 test signal (TSS4)

111 VC-AIS

BIP -2 = BIT INTERLEAVED PARITY (ERROR CHECKING)
REI (FORMER FEBE) = REMOTE ERROR INDICATION
RFI = REMOTE FAILURE INDICATION

RDI (FORMER FERF) = REMOTE DEFECT INDICATION

Fig. SH-4 Path overhead, Levels 1 & 2
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REI (former FEBE) = Remote Error Indication
RDI (former FERF) = Remote Defect Indication

REI CODING RDI CODING
9 Bytes
0000 no errors 000 no defect
0001 1 error 001 no defect
010 remote payload defect (LCD, PLM)
1000 8 errors 011 no defect
100 remote defect (AlS, LOP, TIM, UNEQ or SLM)
1001 101 remote server defect (AIS, LOP)
no errors 110 remote connectivity defect (TIM UNEQ)
1111 111 remote defect (AIS, LOP, TIM, UNEQ or SLM)
C2 SIGNAL LABEL CODING
J1 Path trace
B3 Path error monitoring (Bit 00000000 VC unequipped
Interleaved Parity 8)
c2 Signal Label 00000001 VC equipped non-specific payload
G1 Path Status
00000010 TUG structure
F2 Path user channel
00000011 locked TUG
H4 TU multiframe indicator
F3 Path user channel 00000100 asynchronous mapping of 34M or 45M into C3
K3 (1-4)  VC Automatic Protection Switching
00010010 h i f 140M into C4
K3 (5-8) Reserved for future assignment asynchronous mapping o inte
N1 Network operator byte 00010011 ATM mapping
00010100 MAN metropolitan area network (DQDB Dual Queue Dual Bus) mapping
00010101 FDDI Fiber Distributed Data Interface mapping
11111110 0O.181 test signal (TSS1 to TSS3) mapping
11111111 VC-AIS
Fig. SH-5 Path overhead, Levels 3 & 4
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Mapping of tributaries into VCs

Plesiochronous tributaries of level 1 and 2 are mapped into VCs using the floating
multiplexing mode in which four consecutive 125us frames are organized into a
500us multiframe.

Synchronous tributaries are mapped into VCs using the locked multiplexing mode
which overssees insertion of the container into a 125us frame according to a fixed
scheme.

The formats for mapping the various streams into Virtual Containers are shown in
Fig. SH-6 to Fig. SH-17.

—

Path, Levels 1 & 2 *
R R R R RR R I R

24 bytes

J2
CCG0O0OOT T R

24 bytes
104 bytes

N2
CC C,0O0OOTIR

24 bytes

K4
C GCRRRS SR

24 bytes

500us
J2 = Low Order Path Access Point Identifier
N2 = Tandem connection monitoring function byte

K4 (1-4) = Low Level Automatic Protection Switching

K4 (5-7) = Enhanced Remote Defect Indication
K4 (8) = For future use

= Information bit

= Overhead bit

Justification control bit
= Justification opportunity bit I: STUFF AND

PAYLOAD BYTES

= Fixed Stuff bit CONTROL BYTES

*WoHw O O~
1

see Fig. SH-4

Fig. SH-6 Asynchronous mapping of 1544kbit/s Tributary into a VC-11
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A Path, Levels 1 & 2 *

1 0 R R RIR I R

24 bytes

J2
1 0 O OO O 1 R

104 bytes e

N2
1 0 O OO O 1 R

24 bytes

K4

500us
J2 = Low Order Path Access Point Identifier
N2 = Tandem connection monitoring function byte

K4 (1-4) = Low Level Automatic Protection Switching

K4 (5-7) = Enhanced Remote Defect Indication

K4 (8) = For future use

I = Information bit I PAYLOAD BYTES
(o) = Overhead bit

R = Fixed Stuff bit

* = see Fig. SH-4 I CONTROL BYTES

Fig. SH-7 Mapping of synchronous 1544kbit/s Tributary into a VC-11
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A Path, Levels 1 & 2 *
P, P, S S, S; S, F R

64kbit/s Channels 1 + 24

J2
PP Pb $ S, S; S, F R

104 bytes 64kbit/s Channels 1 + 24

N2
PP Pb $ S, S; S, F R

64kbit/s Channels 1 +~ 24

K4
PP Pb S, S, S S, F R

64kbit/s Channels 1 +~ 24

500us

J2 = Low Order Path Access Point Identifier

N2 Tandem connection monitoring function byte
K4 (1-4) =  Low Level Automatic Protection Switching

K4 (5-7)
K4 (8)

Enhanced Remote Defect Indication

For future use
= 1.5Mbit/s Tributary Frame bit

1 PO =  Signalling phase indicator PAYLOAD BYTES

= Signalling bit

s
R = Fixed Stuff bit
P, Py = 00 on first signalling bit CONTROL BYTES

of multiframe
see Fig. SH-4

Fig. SH-8 Mapping of synchronous 1544kbit/s Tributary (24 telephone channels system) into a
VC-11
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) Path, Levels 1 & 2 *

R

140 bytes

500us
J2 = Low Order Path Access Point Identifier
N2 = Tandem connection monitoring function byte
K4 (1-4) = Low Level Automatic Protection Switching
K4 (5-7) = Enhanced Remote Defect Indication
K4 (8) =  For future use

Justification control bit

STUFF AND

= Justification opportunity bit CONTROL BYTES

| = Information bit PAYLOAD BYTES
= Overhead bit

o
C =
S
R

Fixed Stuff bit(s)
see Fig. SH-4

Fig. SH-9 Asynchronous mapping of 2048kbit/s Tributary into a VC-12
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Path, Levels 1 & 2 *
R
R *k
Channels 1 to 15

Multiframe alignment signal
Channels 16 to 30

R
J2
R
R **
Channels 1 to 15
Multiframe alignment signal

Channels 16 to 30
R

N2

R

R *%
Channels 1 to 15

Multiframe alignment signal
Channels 16 to 30

R

K4

R

R *
Channels 1 to 15

140 bytes

Multiframe alignment signal
Channels 16 to 30
R

500us
J2 = Low Order Path Access Point Identifier
N2 = Tandem connection monitoring function byte
K4 (1-4) = Low Level Automatic Protection Switching
K4 (5-7) = Enhanced Remote Defect Indication
K4 (8) = For future use I PAYLOAD BYTES
R = Fixed Stuff bit(s)
* = see Fig. SH-4 I CONTROL BYTES

may be used for Timeslot 0 if required

Fig. SH-10  Synchronous mapping of 2048kbit/s Tributary (30 channels with channel associated
signalling) into a VC-12
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Path, Levels 1 & 2 *
R
R *%
Channels 1to 15

Channel 16
Channels 17 to 31

R

J2

R

R **
Channels 1 to 15

Channel 16
Channels 17 to 31

R

N2

R

R **
Channels 1 to 15

140 bytes

Channel 16
Channels 17 to 31

R

Ka

R

R *
Channels 1 to 15

Channel 16
Channels 17 to 31

R

500us

J2 = Low Order Path Access Point Identifier
N2 = Tandem connection monitoring function byte
K4 (1-4) = Low Level Automatic Protection Switching

K4 (5-7) = Enhanced Remote Defect Indication
K4 (8) = For future use E PAYLOAD BYTES

R = Fixed Stuff bit(s)
CONTROL BYTES

* = see Fig. SH-4
may be used for Timeslot 0 if required

Fig. SH-11  Synchronous mapping of 2048kbit/s Tributary (31 channels with common signalling
channel) into a VC-12
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|< 4 bytes >|

‘ POH , Level 1&2*

36 bytes|
500uS
Directions in wich the bytes VC-11 BYTES
are read 1

2 . FIXED STUFF WITH
* see Fig. SH-4 EVEN PARITY

Fig. SH-12  Conversion of VC-11 to VC-12 for transport by TU-12
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27bytes
F >
‘ POH level 1&2* IR (24x 8) | R
R C1C20000IR el R
L C1C20000IR (24x9)1 R
R c1C211181S2R @4x8)l -
J2 IR (24x8) 1 R
R C1C20000IR (24x8) 1 R
NIRENY C1C20000IR (24x8) 1 R
16 bytes R Cc1C21118182R (24x8) | -
N2 IR (24x9)1 R
R C1C20000IR (24x8) 1 R
LI C1C20000IR (24x8) | R
R cic211181S2R @4ax8)l -
K4 IR 2zl R
R C1C20000IR (24x8) 1 R
T C1C20000IR (24x8) 1 R
L R c1C21118182R (24x8) 1

500 us
J2 = Low Order Path Access Point Identifier
N2 = Tandem connection monitoring function byte

K4 (1-4) = Low Level Automatic Protection Switching

K4 (5-7) = Enhanced Remote Defect Indication
K4 (8) = For future use
| = Information bit(s)

PAYLOAD BYTES

C = Justification control bit
R = Fixed Stuff bit(s)
S = Justification opportunity bit
TUFF AND
(0] = Overhead bit STU
* = see Fig. SH.4 CONTROL BYTES

Fig. SH-13  Asynchronous mapping of 6312kbit/s tributary into a VC-2
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27bytes
l~< -
POH level 182* IR (24x8)1 R
R IDOOO0OIR 24x8)l R
L ID0O0O0O0IR (24x8) 1 R
R IOIIRIR @ax8)l - =
J2 IR (2ax8)l R
R ID0O0O0OIR 24x8) 1 R
L I00000IR (24x8) 1 R
b;t?as R [OIIRIR @4x8)1 - m
N2 IR 24x8)1 R
R 1I00000IR (24x8) 1 R
L ID0O0O0OIR (24x8) 1 R
R IOIIIRIR 24x8)1 =
K4 IR (24x8) 1 R
R ID0O0O0OIR (24x8) 1 R
(RRNRRT 1I00000IR (24x8) | R
'_ R IOIIIRIR (24x8) 1

500 us

Low Order Path Access Point Identifier
Tandem connection monitoring function byte

J2
N2

K4 (1-4)

Low Level Automatic Protection Switching

Enhanced Remote Defect Indication

For future use
Information bit(s) I PAYLOAD BYTES

K4 (5-7)
K4 (8)

= Fixed Stuff bit(s)
STUFF AND

R
(0] = Overhead bit
* see Fig. SH-4 CONTROL BYTES

Fig. SH-14  Synchronous mapping of 6312kbit/s tributary into a VC-2
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8l A ’
3x81 3x81 S -
| = Information bit - - AR =
C = Justification control bit PAYLOAD BYTES E : R -
R = Fixed Stuff bit(s) Fxel] exet] et N [ =
S = Justification opportunity bit R ~+ R R -
STUFF AND ' axsn | 3axsl |3xs1 M. —_
CONTROL BYTES 0 \
) R R R \ -
* = see Fig. SH-5 ) /3x8l | 3xsl | axel ' \ S
' R R R \ [ S,
,' :, 3x81 | 3x81 | 3x8l ‘\ R
N N R R R ' R
! ,' 3x81 | 3x81 | 3x8l \\{ R
" ,' R R R R
v R R R R
v, 3x8l | 3xsl | 3xsl R
\ S R R R . LR
C, o
3x81 3x81 | 3x8l
C, "
,," R R R
R o
R . 3x81 3x81 | 3x8I
¥
R t: . R R R
R é*‘\:: 3xsl | 3xsl | axsl
R : *: < R R | R
R ' \‘\\‘3x;|‘ ~3x81 | 3x8l 84 bytes
3x81 3x81 | 3x8l
R R R
3x8l 3x81 | 3x8l
R R R
3 rows 3rows 3 rows 3x81 | 3x81 | 3x8I
125us R R R
—A 3x81 3x81 | 3x8l
R R R
3x81 3x81 | 3x8l
R R R
R R R
™ T2 84 bytes 3x8l | 3xsl [3xsl
R R R
3x81 3x81 | 3x8l
R R R
POH, Levels 3 & 4* ‘-; Sx81 | 3x8l | 3x8l
R R R
3x81 3x81 3x81
R R R
Fig. SH-15  Asynchronous mapping of 34368kbit/s Tributary into a VC-3
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85 Bytes
I'd L
8xR 8xR RRd 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xI 200 x |
8xR 8xR RRd 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xI 200 x |
8xR 8xR RRd 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xI 200 x |
8xR 8xR RR] 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xI 200 x |
POH,

Levels3&4| gy R 8xR RRq 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xlI 200 x |
8xR 8xR RRq 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xlI 200 x |
8xR 8xR RRq 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xlI 200 x |
8xR 8xR RRq 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xlI 200 x |
8xR 8xR RRd 5x1 | 200xI 8xR CCRRRRRR | 8xI 200 x | 8xR |CCRROORS| 8xI 200 x |

= Information bit

|
C = Justification control bit
R = Fixed Stuff bit(s) PAYLOAD BYTES
S = Justification opportunity bit
O = Overhead bit
STUFF AND
CONTROL BYTES

* see Fig. SH-5

Fig. SH-16  Asynchronous mapping of 44736kbit/s tributary into a VC-3
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POH, Levels 3 & 4 * _ 1 12Bytes

96 x1 |X| 96 x1 |[Y| 96x1|Y| 96xI |Y| 96 xI

96 x| |Y| 96x1 |Y| 96x1|Y|] 96x1I |[X]| 96xI

96x1 |y| 96x1 |y| 96x1|x| 96x1 |y| 96xI

96 x1 |yl 96 x1 [X| 96xI |yl 96xI |Z| 96 xI

125 us
260 Bytes
E = 1
IC= !jnforrfnation bit b
= = Justification control bit .
ZI =CRRRRROO R= Fixed Stuff bit(s) I PAYLOAD BYTES
S = Justification opportunity bit
ZI - RRRRRRRR
STUFF AND
EI =I1I111ISR * = see Fig. SH-5 CONTROL BYTES
Fig. SH-17  Asynchronous mapping of 139264kbit/s Tributary into VC-4
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ERICSSON 2
Tributary Units

A Tributary Unit (TU) consists of a Virtual Container (VC) plus a Tributary Unit
Pointer (Fig. SH-18).

|_TU POINTER

TU12

Fig. SH-18  2Mbit/s Tributary units (TU-12)

A Tributary Unit Pointer consists of a string of information that provides for
flexible dynamic alignment of the Virtual Container within the TU frame.

Serial Signal 125us -~
Stream | |
<+—||F frame N F frame N+1 F T

TU frame N
F = Frame alignment

\ - TU pointer
|:| VC POH
TU frame N+1 <

N e

Dynamic alignment means that the VC is allowed to float within the TU frame.

The string indicates the offset (in bytes) between the Pointer and the first byte of
the associated Virtual Container as well as the type of TU and the eventual change
of pointer value if the change is due. In the case of Virtual Container of levels 1
and 2, a pointer is only used with floating mapping (500us multiframe).
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The positions and contents of TU Pointers are shown in Fig. SH-19, Fig. SH-20
and Fig. SH-21.

TU12

position
105

position
139

position
0

position
34

position
69

position
70

position
104

}1Byte

125us

125us

negative

position o
35 .\ \| jp:xossti:ic:tion
opportunity
125us

125us

justification
opportunity

TU-1/TU-2 POINTERS

V1 + V2 = Pointer Word
V3
V4

= Justification byte
= Reserved

V1 (8 bit) V2 (8 bit)

. Pointer Area

D VC-12 Area

N|IN[N[N|S|S|I

500us (2Mbit/s)

DI (DfI (D|I |D|Il |D

VALUE OF POINTER

TU 11 : 0 to103 decimal
TU 12 : 0 to139 decimal
TU 2 :0to 427 decimal

Range of
Pointer Value

Change of
Pointer Indication
normal operation:
0110
new data flag:
1001
only an exact match is accepted

N-Bits

S-Bits | TU type indication
TU-11: 1 1
TU-12: 1 0
TU-2: 00
POSITIVE JUSTIFICATION:

- Inversion of 5 I-bits
- majority decoding

NEGATIVE JUSTIFICATION:
- Inversion of 5 D-bits
- majority decoding

Fig. SH-19

TU-1, TU-2 pointers layout
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1 column (byte) 85 columns (bytes)
- d
A gwr| | | [ | | [ le------
TU-3 H
"""" -
el | | | | | | |-----_.

9 rows (bytes)

125us

TU-3 POINTERS

H1 + H2 = Pointer Word
H3 = Negative Justification

1

Direction in which the bytes are read 2 |

%
El VC Area % Fixed Stuff Area

- Pointer Area EI Byte in position 0 with respect to Pointer

Fig. SH-20  TU-3 Pointer Layout
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H1 (8 bit) H2 (8 bit) H3 (8 bit)

NIN|N|N|S|[S|I |[DfI [D|I |D|I |D|I [D

VALUE OF POINTER

NEGATIVE JUSTIFICATION
OPPORTUNITY

POSITIVE JUSTIFICATION
OPPORTUNITY

Range of TU 3: 0 to 764 decimal
Pointer Value

Change of Pointer Indication
N-Bits

normal operation:

0110

new data flag:

1001

only an exact match is accepted

S-Bits AU-n/TU-n type
AU-4, AU-3, TU-3=1 0

POSITIVE JUSTIFICATION:

- Inversion of 5 I-bits
- majority decoding

NEGATIVE JUSTIFICATION:

- Inversion of 5 D-bits
- majority decoding

Fig. SH-21 TU-3 Pointer Word
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Tributary Unit Group (TUG)

Tributary units can be multiplexed into a Tributary Unit Group (TUG) of a higher
order or of the same order as the assembled TUs.

High-speed 45Mbit/s and low speed 6Mbit/s TUGs can be formed. Low speed
6Mbit/s TUGs can be multiplexed into TUGs of higher order.

The TUG multiplexing structure and multiplexing methods are shown in detail in
the next Section, “Multiplexing structures”.

Higher Level Virtual Containers (45 and
140Mbit/s)

Tributary Units Groups are further multiplexed into a 45Mbit/s or a 140Mbit/s
Higher Level Virtual Container.

These Virtual Containers are to all effects identical to the higher order virtual
container comprising a single 45Mbit/s (C-3) or a 140Mbit/s (C-4) tributary
streams.

The multiplexing structure of higher order virtual containers and the
corresponding multiplexing methods are shown in detail in the next Section,
“Multiplexing Structure”.
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Administrative Unit (AU)

An Administrative Unit (AU) consists of a Higher Order Virtual Container plus an
Administrative Unit Pointer. (Fig. SH-22)

The available mapping formats are for transporting either a single VC-4
(140Mbit/s) in one AU-4 or three VC-3 (34 or 45Mbit/s) in three AU-3.

AU3

VC3

AU POINTER

45Mbit/s

Fig. SH-22  45Mbit/s Administrative Unit (AU-3)

The AU pointer consists of an information string that indicates the offset (in bytes)
between the pointer and the start of the VCs assembled in the Administrative Unit.

Serial Signal 125us
Stream
- f| frameN gl frame N+1 E T

SOH

FRAME
N F = Frame alignment

ggEME D VC Path Overhead
N-+1 - AU Pointer

Virtual Container

The positions and contents of AU pointers are illustrated in Fig. SH-23 and
Fig. SH-24.
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9 columns (bytes) 261 columns (bytes)
|< >|< 9 row:|(bytes)
N

1 row (bytes) -t I AU-4 |

H1|Y|Y |H2{u [u |[H3|H3 |H3 |@ |@ | @

. |
125us
3 columns (bytes) 86 columns (bytes)
9 rows (Jles)
______ I
AU-3 -
1 row (bytes) Hi|H2(H3 (@| | [ | | | [------
. A
125us
AU POINTER
1
Direction in which the bytes are read 2
H1 + H2 = Pointer Word
H3 = Negative Justification
UByte=11111111 EI VC Area EI Byte in position 0 with
) respect to pointer
YByte=1001SS 11 (S-bits
unspecified) . *in th f AU-4s, the 2349 b
Pointer Area oﬂhe%l%a—stle(g rows X ’261ecolumnges
are processed in a group of three

Fig. SH-23  AU-3, AU-4 Pointer Layout
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H1 (8 bits) H2 (8 bits) H3 (*)

VALUE OF POINTER
NEGATIVE JUSTIFICATION
OPPORTUNITY
POSITIVE JUSTIFICATION
(*) 8 bits for AUS, 24 bits for AU4 OPPORTUNITY
Range of AU 3: 0 to 782 decimal

Pointer Value AU 4 : 0to 782 decimal

. Change of Pointer Indication
N-Bits

normal operation:

0110

new data flag:

1001

only an exact match is accepted

AU type indication
S-Bits

AU-4, AU-3: 10
POSITIVE JUSTIFICATION:

- Inversion of 5 I-bits
- Majority decoding

NEGATIVE JUSTIFICATION:
- Inversion of 5 D-bits
- Majority decoding

Fig. SH-24 AU pointer Word
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Administrative Unit Group (AUG)

Administrative Units are multiplexed into an Administrative Unit Group (AUG).
Either one AU-4 or three AU-3 can be multiplexed into AUGs.

The multiplexing methods are shown in detail in the next Section, “Multiplexing
methods™.

155Mbit/s Synchronous Frame (STM-1)

Control information, called Section Overhead (SOH), is added to the assembled
AUs so as to create the 155Mbit/s Synchronous Frame (STM-1) (Fig. SH-25).

The SOH consists of a 72-bytes string which carries information on STM-1
framing, section performance, error monitoring and protection switching control.
In addition the SOH provides section data communication, orderwire channels for
voice communication and bytes reserved for national use.

STM1
AU-4
AU-4 POINTER |
>
140Mbit/s
Fig. SH-25  Synchronous 155Mbit/s Frame (STM-1)
The SOH content is shown in detail in Fig. SH-26 on the next page.
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9 Columns

3 4 5 6 7 8 9>|

Al | A2

9 Rows ")

E1 | /\
/N

A1,A2 = STM-1 Framing (**)

JO = Regenerator section trace

B1 = error monitoring functions of regenerator section
E1 = Orderwire v.f. channel for regeneration section
E2 = Orderwire v.f. channel for multiplex section

F1 = User channel

D1 to D3 = Data Communications Channel for regeneration

section

D4 to D12 = Data Communications Channel for multiplex

section

B2 = error monitoring functions of line section

K1,K2 = Automatic Protection Switching signalling

S1 = Synchronization status

M1 = MS REI (Multiplex Section Remote Error Indication)

(*) = Unscrambled bytes

. Bytes reserved for national use . AU pointer area

Bytes reserved for future
international standardisation

K2 byte

DD pexxf [ 1]
——
1 1 1 MSAIS

1 1 0 MSFERF
(RDI)

X =APS

Ig_l Media dependant bytes

™ A1t=11110110

A2=00101000

Fig. SH-26

Location of SOH Bytes in STM-1 frame
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Multiplexing Structure

44736kbit/s or
139264kbit/s 34368kbit/s  6312kbit/s 2048kbit/s 1544kbit/s
C-4 C-3 Cc-2 C-12 C-11

VC-2 VC-12 I VC-11

VC-3

- - = = A

CONTAINER MAPPING

VC = VIRTUAL CONTAINER MULTIPLEXING

TU = TRIBUTARY UNIT - - - ALIGNING

TUG = TRIBUTARY UNIT GROUP

- AU = ADMINISTRATIVE UNIT
I STM-1 J AUG = ADMINISTRATIVE UNIT GROUP
STM-1 = SYNCHRONOUS TRANSPORT MODULE (155.52MB/S FRAME)
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* S 83

1 column (by‘te)_l_ ' -~ 3 8180
- (7) 1

9 rows (bytes)

I ronieverzsar

* see Fig. SH-5
TU-2
(©)
VC-3
3
2
1
3
2
1
/ = @
2
] 1
TU-12 3
— 1

TUG-2 _
2

] 9

8

= 7

1 ;

4 3

TU-11 / = :

Fig. SH-27  Multiplexing of 7 TUG-2 into VC-3
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¥
1 column (byte) _1_ '
9 rows (bytes) -
B Ficeo s
- Null pointer indication *
* two bytes forming the sequence
1001SS1111100000 (S-bits unspecified)
TU-2
TU-12 / 3
I
TUG-2
7 9
—.— 8
= 7
— 6
. —— 5
/ — 4
TU-11 ——— 3
I — 2
| 1

Fig. SH-28  Multiplexing of 7 TUG-2 into TUG-3
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TU-3
1 column (byte)
lé
9 rows (bytes) "
: :
7 8
: . ] Fixed Stuff
4
3 151 - Pointer
1 2  —
1
Fig. SH-29  Multiplexing of TU-3 into TUG-3
10928-EN/LZB 101 3949/06 Rev A file: SH_08.doc SH-34

rev. 08-07/97



ERICSSON ; Information for the System Engineer - Appendix SH

86 C 261
: B
' A
! C
: B
TUG-3 A
© . c
' B
; A
1 ;
86 :
TUG-3 |, vC-4 |
® :
1 ;
: 1 column (byte)
: ' 9 rows (bytes) -
86 ' !
) C )
; B '
; A ;
; C 9
TUG-3 B 8
(A) X A 7
' C 6
] B 5
X A 4 B  Fixed stuff
: 3 I - roH
1 2
1
Fig. SH-30  Multiplexing of 3 TUG-3 into VC-4
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|< 9 rows (bytes) Me 9 rows (bytes) I:I_clsegl ph:e 9 rows (bytes) .t

- _ ~

T

261 columns (bytes)

9 columns (bytes)

Y

@ AU Pointer (Fig. SH-24) 1 row (byte) 1 row (byte)

POH, Level 3 &4 (see Fig. SH-5)

Fig. SH-31  Multiplexing of AU4 into AUG
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Floating phase

/
\ *. Locked phase

+ two columns AU-3 N N

of Fixed Stuff

VC-3

VC-3
+ two columns
of Fixed Stuff

87
. | ff ve-s
! + two columns J
: of Fixed Stuff 261 columns (bytes)
60
59
58
3
30 =
29 AU Pointer (Fig. SH-24)
H I
POH Level 3 & 4 (Fig. SH-5)
Fixed Stuff
Fig. SH-32  Multiplexing of 3 AU3 into AUG
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A

f
'

NN
NN

STM-4
(4 X STM-1)

denotes 8-bit byte
at STM-4 signal rate

1

BYTE INTERLEAVING
MULTIPLEXER

e —

denotes 8-bit byte
at STM-1 signal rate

STM-1 STM-1 STM-1 STM-1
SIGNAL’A SIGNAL'B’ SIGNAL’'C’ SIGNAL’D’

Fig. SH-33  Synchronous byte-interleaved multiplexing
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9 ROWS

A
1044 COLUMNS
INTERLEAVED

|F

PAYLOADS
125 u s
(261+9)x9x4=9720 byte/frame

G

36 columns
interleaved
SOHs

N\ N

9720 BYTE/FRAME x 8 BITS/BYTE x 8000 FRAME/SEC = 622.08Mbit/s

IG|

622.08Mbit/s

Serial Signal
Stream
BYTE INTERLEAVING
MULTIPLEXER
T STM-1 SIGNAL 'B’ STM-1 SIGNAL D’
N N N
N 261 COLUMNS
STM-1
\ 4+~ PAYLOAD
N
N
9 COLUMNS
N\ DN v
SECTION OVERHEAD
9 ROWS 9 ROWS 9 ROWS 9 ROWS
STM-1 SIGNAL'A STM-1 SIGNAL 'C’

Fig. SH-34  SDH STM-4 frame structure
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9 rows
I 36 bytes
| i
7 [a1]a1]a1]a1[a1[a1]a1]a1]a1]at[A1[A1]A2]A2]A2] A2] A2] A2] A2 A2] A2] A2 A2] A2] Jo|zo fzo fzo
2[B1 Ed F1
3[p1 D2 D3
4 AU POINTER (S)
5|B2[B2[B2[B2[B2|B2| B2] B2] B2] B2] B2 B2|K1 K2
6[Da D5 D6
7[p7 Ds D9
8pid D11 D1}

.BYTES RESERVED FOR NATIONAL USE
» UNSCRAMBLED BYTES

JO and Z0 = former C1

Fig. SH-35  STM-4 Section Overhead layout
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9 rows
/_ 144 bytes
—r--- - .- .- .- - .-
~|a1| a1 |a1| a1 |a1| a1 |a2| A2 |a2| A2 |a2| A2 [Jo| =zo*
o | B E1 F1// /
o | D1 D2 D3 '
< AU POINTER (S)
o |B2| B2 [B2] B2 [B2] B2 [Ki K2 '
il o o . . . . . e
o |Da D5 D6 '
il I . . . . . . .- e
~ | D7 D8 D9 '
Il . . . . . . .- e
o [D10 D11 D12 .
> [ “es = AN,
) L1 __ . - - - .- M - - - - - - %

M1

* UNSCRAMBLED BYTES
7
% BYTES RESERVED FOR NATIONAL USE
%

JO0 and Z0 = former C1

Fig. SH-36  STM-16 Section Overhead layout
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9 rows

. 576 bytes

CA1 Al Al Al A1 Al A2 A2 A2| A2 A2 A2

o | B1 E1

o D1 D2 '

< AU POINTER (S)

o | B2 B2 B2 B2 B2 B2 K1 K2 '
1 _ . - - - .- - - - .- - - - - - - - - - -4

o | D4 D5 D6 '
1. .- .- - .- - - - - - - - - - - - - - N

~ | D7 D8 D9 '
I .- .- - .- - - - - - - - -4

« |[D10 D11 D1

FEO O e O maiy

M1

UNSCRAMBLED BYTES

*
%
M BYTES RESERVED FOR NATIONAL USE

Fig. SH-37  STM-64 Section Overhead layout
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SDH Equipment Block Diagram

With reference to ITU-T Recc. G.781, G.782, G.783 and G.784 the following
describe the simplified flow of signals through a generic SDH equipment.

In Fig. SH-38 the block diagram of an SDH equipment is given.

Signal Flow: Multiplexing (G.703 input = STM-N
output)

PDH signal is received by PPI block, which provides a G.703 interface and is
mapped into an appropriate SDH container, by LPA block (also eventual
re—justification takes place).

LPT block terminates the lower order path by generating and adding the VC POH
to the relevant container. The flexible interconnection of the VC-1/2/3s is
performed by LPC block.

In the case of an unused connection at the output of LPC block, LUG block
generates a lower order VC with an undefined payload and a valid POH, including
a signal label set to the value unequipped.

The HPA block performs the adaption of a lower order VC (VC-1/2/3) to an higher
order one (VC-3/4) by adding the TU pointer, which indicates the phase of the first
byte of VC-1/2/3 POH relative to the first byte of VC-3/4 POH, and assembling
the complete VC-3/4. Then the HPT block terminates a higher order path, by
generating and adding the appropriate VC POH to the relevant container.

The flexible interconnection of the VC-3/4s is performed by HPC block. If no
valid higher order VC is available at the output of HPC block the HUG function
generates a higher order VC with undefined payload and valid POH, including a
signal label set to the value unequipped.

The AU-3/4 pointer is added by MSA block in order to indicate the phase of the
VC-3/4 POH relative to the STM-N SOH. It is also up to this group to
byte-multiplex the AU Groups (AUGs) and construct the complete STM-N
frame.

For protection purposes the signal can be branched to another line system by MSP
block.

The SOH is generated and added to the frame by MST and RST blocks. MST is
responsible for rows from 5 to 9 and RST for rows from 1 to 3. RST block is also
responsible for the STM-N signal scrambling.

SPIblock converts the internal logic level STM-N signal into an STM-N interface
signal (either optical or electrical).
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Signal Flow: Demultiplexing (STM-N input - G.703
output)

The STM-N signal is received by SPI block, which converts the interface signal
into an internal logic level. This block also recovers the clock from the line signal.

The RST block identifies the frame alignment word, descrambles the signal and
processes rows from 1 to 3 of SOH. MST block processes rows from 4 to 9 of SOH.

MSP block is able to detect from which line (working one or protection one) the
signal must be extracted. The processing of AU-3/4 pointer is made by MSA
block, in order to detect the phase of VC-3/4 POH relative to STM-SOH. The
VC-3/4 POH is monitored by HPOM block, without modifying it.

As in multiplexing the HPC block allows the flexible interconnection of the
VC-3/4s whilst the HPT block extracts the VC-3/4 POH.

The HPA processes the TU pointer in order to detect the phase of the first byte of
VC-1/2/3 POH relative to the first byte of VC-3/4 POH.

The VC-1/2/3 POH is monitored by LPOM block.

As in multiplexing the LPC block allows the flexible interconnection of the
VC-1/2/3s.

The VC-1/2/3 POH is removed and read by LPT block. The LPA block must be
provided with a buffer store and smoothing circuit to attenuate the clock jitter
caused by the multiplex process, pointer moves and bit stuffing.

PPI block extracts the payload of the SDH container and converts it from the
internal logic level to a G.703 signal.
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Management Access

Performance data, implementation of specific alarms and other messages related
to management functions, collected on different blocks, are converted into
messages ready to be sent over the DCCs and a Q interface. This conversion is
performed on SEMF block.

OHA

SEMF MCF Q interface
_T _ T__l F interface

HOI
_____________ -
PPI LPA HPT HPC
PPI LPA LPT LPC
N: Regenerator Section DCC Reference Point
LOI P: Multiplex Section DCC Reference Point

Fig. SH-39  Management Access Block Diagram
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The MCF block sends the management messages on the Q interface (also F
interface if a Local Controller is available) or on the DCCs.

Overhead Management

The OHA block gives access to the overhead bytes extracted from the STM-N
frame. In Fig. SH-40 OHA block is shown with all the blocks from which
overhead bytes are extracted.

TTF towards
U OHA Overhead
HOI applications

Fig. SH-40  Overhead Bytes Access
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Timing

The SETS block provides timing reference to the relevant component parts of an
SDH equipment. This timing reference is represented by the SDH network clock.

SETS SETPI I—(

Fig. SH-41  Management Access Block Diagram

The SETPI block provides the interface between an external synchronization
signal and the SETS block. It is also up to this block to provide an synchronization
output signal for use by external equipment.
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