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D7 (D8 | D9 H4
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Section Section
LOS -
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AIS
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B1IAIAEI |A] | F 0
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D4 D5 D6 -
D7 D8 D9 Ha
D10 D1 D12 -
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N1
Higher Lower
Order Order
Path Path

@ LEGEND

<¢— Errorindicator sent upstream

\

RS-BIP - Qe \larm indicator sent upstream
MSAIS o -.)_D > Alarm sent down stream
M BIP > - =3 Error [ alarm detection
< MS-REI :_l RIS
MS-RDI I:l For clarity note:
< - |:| Not all signal flows are shown
; \_ J
AU-AIS > - N D
AU-LOP > - ; AIS
S
—
HP-BIP
> - AIS
HP-REI
< |:|:|
HP-RDI
< <
TUAS - ) £
TU.LOP =
TU-LOM 2
i > - LP-UNEQ
— -
LP-TIM > -
LP-BIP
> I AIS
LP-REI
. P d
LP-RDI |:|
p [J«<—Y
LP-PLM )-_)_ >

AIS

Events

0OF

AU-LOP
AU-NDF
AU-AIS
B3

HP-RDI
HP-REI
HP-TIM

HP-PLM

Need a test solution?

Tuarn to Agilent®.

HP-UNEQ

Physicallregenerator section
LOS

Loss of signal
Out of frame
Loss of frame

Regenerator section BIP error

Regenerator section trace
identifier mismatch

Higher order path

Loss of AU pointer

AU pointer — New data flag
AU alarm indication signal
HP BIP errors

HP unequipped

HP remote defect indication
HP remote error indication
HP trace identifier mismatch

HP payload label mismatch

Multiplex section

MS-AIS
MS-RDI

MS-REI

Multiplex section BIP error
Multiplex section AIS
Multiplex section remote
defect indication

Multiplex section remote
error indication

Lower order path

TU-LOP
TU-NDF
TU-AIS
TU-LOM
BIP-2/B3
LP-UNEQ
LP-RDI
LP-REI
LP-RFI
LP-TIM
LP-PLM

Loss of TU pointer
TU pointer — New data flag
TU alarm indication signal

TU loss of multiframe alignment

LP BIP errors

LP unequipped

LP remote defect indication
LP remote error indication
LP remote failure indication
LP trace identifier mismatch
LP payload label mismatch
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D » D
4 SUH & J-PU 0 OUH ¢& J-PU 04 SUH & J-PU Lower order
A i ' A ' Vel VC12  Ve2
A1 |A1|AT[A1|AT|AT[AT|AT|AT[AT[AT[AT1|A2]|A2|A2|A2|A2|A2(A2[A2[A2|A2|A2|A2|JO ZO*ZO*ZO*/)I/ //al/ //y A1|AT|AT[AT[AT|AT|A \1| AT[AT[AT|A1[A2|A2|A2|A2|A2[A2|} A\2|A2[A2|A2|A2|J0|Z0%Z0%Z0%Z0%Z0" k| k| k| k| k A1|AT|AT[AT|AT[AT|A \1| AT[AT[AT|A1[A2[{A2|A2|A2|A2[A2|. A\2|A2[A2|A2|A2|J0|Z0%Z0%Z0%Z0%Z0" % /ff u V5 V5 V5 STM-0 51.84 MbJs
B1 1 F1 )1 B1 | E1 F1 1 25 . B STMA |  15552Mbls |
D1 D2 D3 B3 D1 | D2 D3 B3 s R B STM-4 622.08 Mbls
H1|H1|{HT1|H1 [H1|{H1|H1|{H1|HT|H1|H1|H1|H2|H2|H2|H2|H2|H2 |H2 H2 |H2|H2|H2|H2 |H3 |H3|H3|H3| H3|H3|H3|H3|H3|H3 H3 [H3 c2 H1[{H1[HT|H1{H1{H1[H 1| HT1|H1|H1|H1|H2[H2|H2|H2 [H2 (H2 [H 12|H2 [H2{H2|H2|H3|H3| H3| H3| H3| H3 IH3 H3| H3| H3| H3 c2 95 2 106 STM-16 2488.32 MbJs
B2 |B2|B2|B2 |B2{B2|B2(B2(B2|B2|B2|B2|K1 K2 G1 B2(B2|B2|B2|B2(B2(B. ‘2| B2|B2|B2|B2|K1 K2 G1 m |\|2 |\|2 STM-64 9953.28 Mb/s
D4 D5 D6 F2 D4 | D5 D6 F2 Key
' 25 34 106 f .
D7 D8 D9 H4 D7 D8 D9 H4 Bytes reserved for national use
D10 D1 D12 F3 D10 D1 D12 F3 Ka K4 K4 Unscrambled bytes, therefore care
o - . should be taken with their contents.
St M E2 K3 S1 M1 E2 K3 Media dependent bytes
N1

o U HUEEL

L

YVY

: np A1A2

Provides a frame alignment pattern (A1=F6 H, A2=28 H). The frame alignment word Provides multiplex section error monitoring. The BIP-N x 24, of an STM-N frame, provides Ji1 The first byte in the Virtual Container. Its location is indicated by the AU pointer Provides BIP-2 error checking, signal label and path status information.
Ranansrator of an STM-N frame is 3 x N A1 bytes followed by 3 x N A2 bytes. end-to-end error performance monitoring across an individual multiplex section and is (HTH2 bytes). Provides a higher order trail trace. identifier (64-byte free format string
gection J0 Regenerator section trace. (16-byte frame including CRC7). Supports continity calculated over all bits of the previous STM-N frame except for the or 16-byte frame including CRC7). Supports end-to-end monitoring of a higher order path. _b1 BIP-2 b? RbE3I ';z' E S'Q"Z'G'Gbe' _h7 F;g'
O‘I’!esrll]]‘:lad testing between transmitting and receiving device on each regenerator section. first three rows of SOH. Computed value is placed in B2 byte before scrambling. B3 Provides higher order path error monitoring. The BIP-8 is calculated over all bits | | |
70 Spare Reserved for future international standardization. K1,K2  Two bytes allocated for APS signaling for multiplex section protection. of previous VC-n. Computed value is placed in B3 byte before scrambling.
= AU pointer {—[J1 B1 Provides regenerator section monitoring. The regenerator section BIP-8 provides end- k2 (bfi—h8) contain MS-RDI and WS-AIS status mform.atmn. C2 Higher order path signal label. Indicates composition or the maintenance status V5 (b5-b7) signal label
B3 to-end error performance monitoring across an individual regenerator section and is Linear APS messages Ring APS messages of the associated container.
I\Iéult;plex c2 calculated over all bits of the previous STM-N frame after scrambling. Computed TUT 6.783 orotect b tocol TUT 6.841 orotect ohi tocol C2 byte mapping Meaning
ection . . . -T G.783 protection switching protoco -T G.841 protection switching protoco
O‘I\,’?g;]e;d o1 ca valu? is placed in B1 t-)yte before scram.hlmg. - — — T
= : E1 Provides local orderwire channel for voice communications between regenerators, K1 byte Condition K1 byte Condition b1-b4 | b5-b8 | Hex code Interpretation . —
- (data payload) . . Equipped - non-specific
pay hubs and remote terminal locations.
Ha bi-bd bi-bd 0000 | 0000 | 00 Unequipped i inped Asynch
F1 Allocated for user’s purposes (eg, temporary data/voice channel connection for 1n Lockout of protection 1111 | Lockout of protection (span) o Ty e
F3 il mai licati : or signal fail (protection) 0000 0001 01 Equipped - non-specific Bit synchronous
K3 special maintenance applications). 1110 Forced switch 1110 Forced switch (span) 0000 0010 02 UG Byt h
D1-D3 192 kb/s message-based data communications channel providing administration ey Sl il Lyl el U ) suio i) Stuclre YZe Symemnens
N1 . . . . . 1100 Signal fail low priority 1100 Signal fail (span) 0000 0011 03 Locked TU Reserved for future use
monitor, alarm and maintenance functions between regenerator section termination 1011 Signal degrade high priority 1011 Signal fail (ring) - .
' 60 co | equipment. 1010 Signal degrade low priority 1010 Signal degrade (protection) 0000 | 0100 04 Asynchronous mapping of 34368 kbls or 0.181 test signal (TSS4)
it 1001 Unused 1001 Signal degrade (span) 44736 kb/s into the Container-3 (C-3) m VC-AIS
1000 Manual switch 1000 Signal degrade (ring) .
0111 Unused 0111 Manual switch (span) 0001 0010 L& _As;ynttt:]hrc():no:s.mapzl?g:)f I L ) ) . ) )
0110 Wait-to-restore 0110 | Manual switch (ring) Tl s Lower order trail trace identifier (16-byte frame including CRC7).
g : g [1] gnusgd g } g (1] \El\lait-m-m(store) 0001 0011 13 ATM mapping Supports end-to-end monitoring of a lower order path.
Xercise Xerciser (span .
0011 Unused 0011 Exerciser (ring) 0001 | 0100 I MAN {DQDB) mapping Lower order tandem connection monitoring. Contains BIP-2 error checking,
g g [1] l1] gever:e rem:est g g JJ ? Eeverse reques: :S_paf)l) 0001 0101 15 FDDI mapping AIS, tandem connection REI (TC-REI), outgoing error indication (OEI) and a
Ng 'r]gqur::f r 0000 sz:;;ﬁer:tques fing 1111 1110 FE 0.181 test signal (TSS1 to TSS3) mapping 76-byte multiframe containing a tandem connection access point identifier
. . 1111 | 1111 FF VC-AIS (TC-APId).
Multiplex Multiplex h5-b8 b5-b8 | Destination node ID

Selects channel used by APS
messages

N2 byte structure

— BIP-2— | “1” |Incoming| TC-REI | OEI | TC-APId, TC-RDI,
AIS 0DI, reserved

section

G1 Higher order path status. Sends status and performance monitoring information from
receiving path terminating equipment to originating equipment. Allows status and
performance of two-way path to be monitored at either end.

K2 byte Condition Condition

|
|
. |
section I
: K2 byte

I

Regenerator
section

Regenerator
section

Regenerator
section

e S —

Selects bridged channel used b1-b4 Source node ID

b1 b2 b3 b4 b5 b6 b7 b8

Determines automatic protection b5 Path code: 0 = short path;
switch architecture 1 = long path

REI RDI
bl | b2 | b3 | b4

Spare
b5 ‘ b6 ‘ b7 b8

N2 (b7-b8) multiframe structure

000 = Idle
00 1 = Bridged

0 10 = Bridged and switched
011 = Reserved for future use

0 0 0 = Reserved for future use
00 1 = Reserved for future use
0 10 = Reserved for future use
011 = Reserved for future use

SDH terminal
multiplexer

Tributary
signals

Tributary
signals

Frame
number

SDH terminal

G1 (b5-b7) coding and interpretation
multiplexer

b7 and b8 definition

100 = Reserved for future use 100 = Reserved for future use b5_b7 Mean 5

10 1 = Reserved for future use 10 1 = Reserved for future use = eaning riggers : P

110 = MS-RDI 110 = MS-RDI 1-8 Frame alignment signal: 1111 111111111110
111 =MS-AIS 111 =MS-AIS 000 No remote defect No remote defect 9-12 TC-APId byte # 1[1 C4 C, C5 C4 Cs Cg C5]

- regenerator regenerator
Ve SDH digital Ve

cross-connect disassembly
system S1

13-16
17-20

TC-APId byte # 2[0 X X X X X X X]
TC-APId byte # 3[0 X X X X X X X]

001 No remote defect No remote defect

010 Remote payload defect LCD

D4-D12 Provide 576 kb/s data communication channel between multiplex section termination
equipment. Used to carry network administration and maintenance information.

assembly
No remote defect

AIS, LOP, TIM, UNEQ
(or PLM, LCD)

on No remote defect
100 Remote defect

Synchronization status messages. S1 (b5-b8) indicates which of the four levels of
synchronization is being used at the transmit end of a multiplex section.

65-68
69-72

TC-APId byte # 15 [0 X X X X X X X]
TC-APId byte # 16 [0 X X X X X X X]

S1 byte
hE—KB SDH synchronization quality level description 101 Remote server defect AIS, LOP 73-76 TC-RDI, ODI and reserved (see table below)
0000 Quality unknown (existing sync network) 10 Remote connectivity defect TIM, UNEQ
0001 Reserved m Remote defect AIS, LOP, TIM, UNEQ Frame N2 N2
(or PLM, LCD) number b7 definition b8 definition

0010
0011

G.811

Reserved 73 Reserved (default = “0”) TC-RDI

F2 Higher order path user channel. Allocated for network operator communications between
0100 G.812 transit path terminations. 74 oDl Reserved (default = “0”)
Ui iR H4 Position indicator. Multiframe phase indication for TU structured payloads. 7 el B e W) || GEsacafatis = 0
1 0110 Reserved . . 76 Reserved (default = “0”) | Reserved (default = “0")
Bulk filled T - - F3 Higher order path user channel. Allocated for network operator communications between
eserve

path terminations.

Lower order path automatic protection switching (b1-b4) and en-
hanced remote defect indication (b5-b7).

1000
1001
1010
1011
1100
1101
1110

G.812 local

Reserved

K3 Higher order path automatic protection switching (b1-b4). The rest of the bits
(b5-b8) are allocated for future use.

Bulk filled

Reserved

N1 Higher order tandem connection monitoring. There are two possible implementations K4 (b5-b7) coding and interpretation
described in Annex C and Annex D of ITU-T G.707. In Annex C, the N1 byte provides a
tandem connection Incoming Error Count (IEC) and the remaining four bits provide an b5-b7
end-to-end data link. The Annex D option contains an incoming error count (IEC), 000
tandem connection REI (TC-REI), outgoing error indication (OEl) and a 76-byte multiframe 001

containing a tandem connection access point identifier (TC-APId). 010

Synchronous equipment timing source (SETS)

Reserved Meaning Triggers

Reserved

Bulk filled

No remote defect
LCD, PLM

Reserved No remote defect

Remote payload defect

1111

Do not use for synchronization

N1 byte structure on

TC-APId, TC-RDI, LY
0D, reserved 101

b1 ‘ b2 ‘ b3 ‘ b4 b5 b6 b7 b8 110
m

Multiplex section remote error indication (MS REI). Conveys the number of B2 errors
detected by downstream equipment.

E4 Async
Bulk filled

IEC TC-REI|  OEl

AlS, LOP
TIM, UNEQ

Remote server defect

Provides express orderwire channel for voice communications between multiplex section
terminating equipment.

Remote connectivity defect

AU pointer bytes are associated with, but not part of, the MSOH. The pointer contained
in H1 and H2 points to the location where the VC-n begins. The last ten bits (b7-b16) of
H1H2 carry the pointer value (0 to 782). The H3 bytes are “pointer action” bytes and
carry “live” information, from a VC-4, during the STM-N frame in which a negative
pointer adjustment occurs.

N1 (b7-b8) multiframe structure

Frame
number

DS3 Async 1-8
E3 Async

b7 and b8 definition

Frame alignment signal: 1111 111111111110

J 9-12 TC-APId byte # 1 [1 C1 CZ Cg C4 C5 Cg C7]
Bulk filled 13-16 TC-APId b 20XXXXXXX
The linking together of various data structures, for example two channels joined to form - ) el Al ]
a single channel. in SDH, a number (M) of TUs can be linked together to produce a 17-20 TC-APId byte # 3[0 X X X X X X X]

concatenated container, M times the size of the TU. An example of this is the

Bulk filled

concatenation of five TU-2s to carry a 32 Mbit/s video signal, known as VC-2-5c. 65-68 TC-APId byte # 15 [0 X X X X X X X]
Once assembled, any concatenated VC _structurg is multiplexed, switched, and 69-72 | TC-APIdbyte #1610 XXX X X X X]
E1 Async transported through the network as a single entity.
73-76 TC-RDI, ODI and reserved (see table below)

E1 Floating
byte sync
Bulk filled

I Pointer processing

< Multiplexing

Frame N1 N1
number b7 definition b8 definition

73 Reserved (default = “0")
74 oDl

75 Reserved (default = “07)
76 Reserved (default = “07)

TC-RDI

Reserved (default = “0”)
Reserved (default = “07)
Reserved (default = “07)

A Tandem Connection is a bi-directional connection between two TCTEs (Tandem
Connection Terminating Elements) along an SDH path, which is managed as a separate
entity. the tandem path is formed from an SDH Virtual Container (VC) with special
maintenance signals carried in the path overhead (POH) bytes. These bytes enable
monitoring of tandem paths, performance analysis and fault location - the ability to
“finger point’.

DS1 Async
DS1 Floating
byte sync
Bulk filled

S Aligning

<—— Mapping




