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DXX NODE TECHNICAL DESCRIPTION

2. BASIC NODE

2.1 Introduction

The DXX Basic Node is a 64 Mbit/s flexible cross-connection device. There are two different types of
Basic Nodes available:

— 6U high 19-inch single subrack node (RXS-S) or
— 13U high 19-inch double subrack node (RXS-D)

A DXX Double Basic Node contains two shelves connected via a bus extension from the upper shelf.
A DXX Single Basic Node contains one shelf that mountsinto a standard 19" relay rack.
Basic Node has some common parts which are found in every Basic Node. These are power supply,

control unit and cross-connect unit. Any free slot can be filled with different kinds of base units and
interface modules.

2.2 General

2.2.1 Node Structure

The Basic Node consists of:

— common units (subrack, power/fuse unit, control unit and cross-connect unit)
— interface units (selected according to applications)

The block diagram of a nodeisshown in Fig. 1. An equipped single subrack is presented
inFig. 2.
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RXS-S SUBRACK
SXU UNIT (active) GMH UNIT
XBIXD
XB
IN—> @ X D
X-CONNECT :
n*64 k BUS 64 Mbit/s X-BUS ERAME n*64 kblt/§
EXT CLK CONT BUS IF 2 or 8 Mbit/s
XD ROL IF | XB/XD G.704 Interface
ouT< ,\C/Ibf( X-CONNECT RX Q <
FRAME
UNIT CONTROL uP CONTROLBUS UNIT CONTROL uP
POW +5V,+12V,-10V BATTERY BUS POW +5V,+12V,-10V
SXU UNIT (standby) GCH UNIT
XB XB
IN—>| @ X-CONNECT X D —>> n*64 kbit/s
. BUS 2 or 8 Mbit/s
n*64 k BUS DATA
CONT  f= = IF Unframed
EXT CLK =
CLK XD ROL XB Q Interface
T<—| g
ou MUx | X-CONNECT RX
DATA
UNIT CONTROL uP UNIT CONTROL uP
POW +5V,+12V,-10V POW +5V,+12V,-10V
SCU UNIT VCM UNIT
HDLC CONTROL V.110 .
CHANNELS B | [> 48,56 or n*64 kbit/s
dditi | V.350r V.36
(additional) BUS BUS DATA E
IF IF V.110 1.2 .. 32.4 kbit/s
TEST SIGNAL :
TX/RX X8 " RX Q < V.24/V.28
DATA
scC <> UNIT CONTROL uP
NODE/UNIT CONTROL uP
sc <13 T POW +5V,+12V,-10V
POW +5V,+12V,-10V
PFU UNIT CAE UNIT
PMA IADPCM” | PCM
DVMA<C— EQUIPMENT ALARM 32k D LS
el INTERFACES PCM VF VF 0.3..3.4 kHz
i BUS IE
600 ohm
IF |ADPCM | PCM
BAT BATTERY VOLTAGE <
Y 32 Q <
30..72V INTERFACE VE
(19 .. 32V) PCM
POW +5v —>BUS 5V1 UNIT CONTROL uP
POW +5v —>BUS 5V2 POW +5V,+12V,-10V
| ]
| ]
| ]
A2F0001A.WMF

Fig. 1: Node Block Diagram
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A2M0001A.WMF

Fig. 2: An Equipped Single Subrack Node

There are two common logic unitsin the Basic Node. These units are the SCU and the SXU.

The SCU isthe DXX node'smaster unit. SCU'sresponsibility isto communicate with the NM S computer
and with the local service computer. It maintains the unit list of the node, supervizes and informs about
the faults of the node and performsthe change-over of SXU'swhen the cross-connectionisprotected. The
test transmitter and receiver residesin the SCU unit.

The SXU isthe DXX node's cross-connect unit. It performs the cross-connections, controls the cross-
connect bus and selects the reference signal for the master clock oscillator. The node's master clock
oscillator residesin the SXU unit.
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2.2.2 Node Equipping

Thecard dotsin the single subrack are numbered from 1 to 16 (seeFig. 3). The fuse unit, the control unit
and the cross-connect unit all have fixed card dotsin the subrack. The single subrack node has9...13
dlotsfor interface units (depending on the use of PFU unit, PFU protection, SXU type and SXU
protection). Thedoublesubrack nodehas23...28 dotsfor interface units. Theinterface unitscan befreely
positioned in these card g ots except that a GMH unit with an active HDLC link (trunk or NTU-A) cannot
beinthelast dot (32) of the double subrack. A 5T IF unit can be placed in any card slot from 2 to 14
(upper shelf) and 2 to 16 in the lower shelf. A 10T IF unit reserves two s ots.
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=]
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@ 9] H
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E=E]
E=¢]
=5

2| | RESERVED FOR INTERFACE UNITS
(9..12 5T- SLOTS)

RESERVED FOR INTERFACE UNITS
(11..13 5T- SLOTS)

[ =

SR =1
=
=

PE=ld =19

GExat
pleeid
=

it

IR

N
-
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NODE with SXU-A NODE with SXU-B
P P S s P P
F F X X F F
U u U u s U u s
. c - - c
A B A A U A B SXU-B Sxu-B U

=z
g=r]
P4
PE=Id)

RESERVED FOR INTERFACE UNITS
(9..12 5T- SLOTS)

RESERVED FOR INTERFACE UNITS
(11..13 5T- SLOTS)

9 p=1d
=]

=

IEI=EE=
o |fEmd Do =B
==\
IBIE=EE=
FrseTd
=

- | s |
RESERVED FOR INTERFACE UNITS u @‘ RESERVED FOR INTERFACE UNITS

oo (14.15 5T- SLOTS) 00| a0 (14..15 5T- SLOTS)

0|0 0|0

E | B 0|

5 |5 o)
T? 32 — TTB 32 —
P P P P

0 0 DOUBLE SUBRACK F DOUBLE SUBRACK

Lo NODE with SXU-A W oh NODE with SXU-B

B

A2M0002A.WMF

Fig. 3: Main Units and Interface Unit Sotsin Sngle and Double Subrack Node
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2.3 SCU Control Unit

2.3.1 General

The structure of the SCU unit is based on the standard mechanics of the DXX system. The width of the
unitis5T or one card dot in DXX subrack. Card dot 16 (on the upper shelf of a double subrack node) is
reserved for the SCU unit.

SCC- IF
or
SCZ 280 PDF 209
scu | [} ﬂ \
LX) / u
F us/l opD
5 EVEN
Scc- IF ﬂ
OR s PIN 1
Alarm IF
(O] |
CBUS
V.11
LO ]
(O]
M
SC ‘
V.24/V.28 |||
o] | |
EMC SHIELD/
SCP 211

A2MO011A.WMF

Fig. 4: SCU Unit Equipped with SCC-IF/ALARM-IF

The SCU unit needsto operate one piggy-back power supply unit PDF 202 or PDF 209 and two EPROMs
with SCZ 280 program. The SCC X.25 interface module SCC-IF and the control channel expansion
module HDLC-4CH (SCP 211 in Fig. 4) are optionswhich can be installed in the same way asa normal
interface piggy-back module of the DXX system. The alarm interface module ALARM-IF can be
installed in the place of the SCC-IF.

Starting from the upper edge of the front panel of the unit, there aretwo alarm LEDs, one SCC connector,
one CBUS connector and, as the lowest, the SC connector. On the back side of the unit there are two 2 x
32 pin eurocard (DIN 41612) connectors. The upper connector isused in transmitting the LOCAL VTP
bus signal's, equipment alarm output signals, 5V power to the businterface circuits and test i nput/output
signals. The lower connector is used in transmitting the cross-connect bus signals, the 5 V power to the
businterface circuits and the battery bus.
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2.3.2 SCU Operation
2.3.2.1 General
The main functions of the SCU unit are the power supply, microprocessor with itsauxiliary circuits, the

test signal Tx/Rx generator inside of the[FMOD ASIC, the additional HDL C control channels option and
the cross-connect businterface.

HDLC CONTROL
CHANNELS
(additional)
BUS 64 Mb/s X-BUS
F (&>
TEST SIGNAL
Tx/Rx
sccor
ALARMS S ———> ALARMS
sC <> NODE/UNIT CONTROL uP
CBUS <—>> «<——> CONTROL BUS
POW +5V, +12V, -10V <—— UBATT

A2F0003A.WMF

Fig. 5: SCU Block Diagram

The power supply deliversthe operating voltages of the SCU unit from the battery bus voltage. The

operating voltages are monitored by the microprocessor and if thereisafailure, an alarm messageis
generated.

The detailed block diagram of the node/unit control block shows how the microprocessor controls and
monitors the operation of the unit.
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ALARMS

SCC «—>

sc <>

CBUS «—>

2.3.2.2 Unit Controller

Alarm if & >
>
SCC-IF €—> HDLC
>
% UART
% <—> CONTROL BUS
> A
4 F* o
RE@—'
CPU, RAM, FLASH > |—> ALARMS
YEL®—'

A2F0002A.WMF

Fig. 6: Node/Unit Control microprocessor

The microprocessor of the SCU unitisa 16-bit CMOS 80C186-16. It hasthreeinternal timers, two DMA
channels; an interrupt controller; programmable memory and peripheral chip select logic; programmable
walit state generator and local bus controller. It supports system-level testing (ONCE test mode).

The microprocessor isupward compatible with 8086 and 8088 software and fully compatible with 80186

and 80188 software.

The microprocessor has two major modes of operation: compatible and enhanced.

In compatible mode the microprocessor iscompletely compatible with NMOS 80186, with the exception
of 8087 support. The features of the enhanced mode are power-save control, dynamic RAM refresh and
an asynchronous numeric coprocessor interface. The enhanced modeis used in the SCU unit.

2.3.2.3Memory

Memory isimplemented with six 32-pin surface mount components providing:

— 256 kBytesRAM (U15, 16)
— 512 kBytesFLASH PROM in two banks (U10, 11, 12 and 13)
— 256 kBytes of EPROM in two DIP packages (U8, 9)
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2.3.2.4 HDLC Channels
The SCU unit has two pieces of dual channel synchronous serial controllers (SAB 82525, U48 and 49)
providing:
(@ one LOCAL VTP businterface at 2 Mbit/s with advanced CMOS drivers
(euro connector CN1)
(b) one CLUSTER VTP businterface at 1024/512 Kbit/swith V11 drivers
(CBUS connector CNF2)
(© two full duplex HDLC channels at up to 64 Kbit/s, compliant with a subset of LAPB stand-

ard. Channel A isreserved in production testing phase. Channel B isused for communication
with the NM'S computer through an SCC interface (SCC-IF).

NOTE! The single-channel version of the communication controller isused instead of
) U49 (SAB 82526) starting from hardware version 3.0.

2.3.2.5A/D Converter

The SCU unit has an 8-bit CMOS A/D converter with an 8-channel multiplexer. The A/D converter is
used to supervise the operating voltages of the SCU unit and the BUS1 and BUS2 voltages of the subrack

2.3.2.6 SC Interface

The SCU unit has a single asynchronous serial channel. Thisinterfaceis used on service computer
connection (CNF1). The baud rate of the UART U14 (82510) can be selected from 300 baud to 19.2
kbaud. The unit software sets the baud rate into 9600.

2.3.2.7 SCC Interface

On the unit thereisone 2 x 10 pin header connector (CN4) for the SCC-1F X.25/V.11 interface module.
The battery backup system BBS alarms can be fed into the DXX network through the alarm interface
module ALARM-IF. See Fig. 10 and Fig. 11.

2.3.2.8 Cross-Connect Interface

The unit hasinterface to the 64 Mb/s cross-connect busthrough CN5. Theunit utilizesbustiming signals
C16M, CLF and CLM, which are supplied by the SXU. The SXU changes data between SCU by
transmitting the channel address, which again activates the data buffersin CIF ASIC. Both the received
and transmitted dataistransferred viatheir own 8-bit wide buses. Thereceived databusDR1 is protected
by DR2.

2.3.2.9 Additional HDL C Channels (HDL C-4CH) Interface

Two 2 x 10 pin header connectors (CN2 and CN3) form theinterface for the HDL C-4CH control channel
expansion module.
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2.3.2.10 Internal Control Buses

The SCU unit hasinterfaces for two internal control buses - thelocal VTP bus and the cluster VTP bus.
Thelocal VTP busisused for communication between the unitswithin one subrack and the cluster VTP
busisused for communication between the subracks of a cluster node. Both buses are synchronous serial
high-speed local area networkswith physically duplicated data and clock linesand interface circuits. The
bit rate of thelocal VTP busis 2 Mbit/s. The bit rate of the cluster VTP is 1 Mbit/s.

VTP bus 1 2 Mbit/s

D VTP bus 2 2 Mbit/s

VTP bus selection line

SXU selection line

HiNNIN

MOTHER
BOARD

VM| |[valva]valval M

VAVAN | e e e | [vA[VAN | |[vAVARN| ||[valva

SCP
UNIT 1 UNIT n SXU SXU SCu/ccu

PASSIVE TERMINATION

A2F0004A.WMF

Fig. 7. Block Diagram of the Local VTP Bus

VTPisan abbreviation of thewords Virtual Token Protocol which isa collision-free media access
method based on the token passing principleimplemented by the aid of timers. Thelogical link control is
based on LL C3 protocol in both buses. The upper layer protocol s are the same as the those of the external
management interfaces of DXX nodes. The local VTP bus supports unit addresses 1v 31. The cluster
VTP bus supports subrack addresses 1%2 9. Thelocation of the control buses of a cluster nodeisshownin
figure below.
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Fig. 8: Location of the Control Buses of a Cluster Node
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2.3.2.11 Node L evel Operations
The software of the SCU takes care of the following node-level operations:

— Node Inventory Management

— Backup of unit settings

— Protection of the cross-connect system

— Protection of control buses

— Rack alarm (PMA, DMA, MEI) control

— Event reporting to the Network Management System
— Channel test functions

— Control channel support for HDLC-4CH

Node Inventory M anagement

The Node Inventory Management software includes functions to get and set node and subrack
identifications, to create and delete inventory, to add and remove units, to get inventory reports and to
monitor the presence of registered or unregistered units. The Create I nventory operationisused to register
all existing unitsfor the inventory. The Add Unit operation is used to register a given unit for the
inventory. The Delete Inventory makes all unitsunregistered - in other words, all unitsare removed from
the inventory. The Remove Unit operation is used to remove a given unit from the inventory.

The Inventory Report provides the node and subrack identification data and the list of existing or
registered units. Thelnstallation Error fault condition isdetected if the inventory dataisnot unambiguous
and consistent. The Missing Unit fault condition is detected if a registered unit is not present. The Extra
Unit fault condition is detected if thereis an unregistered unit present in the subrack.

Backup of Unit Settings

The SCU unit stores the backup settings of all registered units for possible unit replacements. A new
replacement unit will inherit the backup settings of the unit registered for the unit slot. The checking of
compatibility of settingsis based on the hardware types and the software types.

The backup settings are updated to the SCU unit when a unit is registered or when the settings of the unit
have been changed. The backup settings are copied from the SCU unit when aregistered unit isreplaced
by another compatible unit. The backup settings of the SCU unit itself are kept in the cross-connection
unit of the subrack. The backup of cross-connection data is available only in the redundant cross-
connection unitsif the node has a protected cross-connection system.
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Protection of Cross-Connect System

The SCU unit controlsthe protection of the cross-connect system. The SXU type and the SXU protection
option can be set. These parameters are updated automatically when the inventory is created. The
inventory must be del eted before changing the SXU type, and recreated when the SXU type has been
changed. The SXU protection option (protected or not protected) can be changed when thereisone or no
SXUsregistered. In the protected system the SCU unit monitorsthe condition of the redundant SXUsand
triesto activate one of the redundant SXUsif it has hormal conditions.

The possible fault conditions for the cross-connection protection system are the following:

The Faulty Cross-Connection System fault condition is detected if there are no SXUs which can be
activated, in other words, both SXUs are faulty or missing. The Forced State in SXU Activation fault
condition is detected when the cross-connect protection system is not allowed to control SXU activation
autonomously but isforced to keep the given state of SXU activation by a management operation.

Protection of Control Buses
The SCU unit controls the protection of the local VTP bus and the protection of the cluster VTP bus.

Thelocal VTP bus has two alternative physical buses called Local VTP Busl and Local VTP Bus2
implemented by redundant interface circuitsin each DXX unit and redundant set of wires on the back
plane of asubrack. Thereisacentralized control to activate one of the alternative busesby a selection line.

The SCU unit controls the selection line in a synchronized way so that data transmission on the busis
never disturbed for the bus selection. Busl and Bus2 are periodically used in order to detect possible
problems as soon as possible, no matter which buswill be faulty.

A checking procedure is activated when any of the units has disappeared from the inventory monitoring
process. The checking procedure decides whether or not the unit isaccessible by one busonly. If the unit
is accessible by one bus only then the other bus must be faulty and the corresponding fault condition is

detected. A test window can be used to check the local VTP status and to clear the fault condition.

The cluster VTP bus has two alternative physical buses: Cluster VTP Busl and Cluster VTP Bus2
implemented by redundant interface circuitsin each SCU unit and redundant set of wires on the
interconnection cables between the subracks of anode. Thereisalocal control to activate one of the two
receiver circuits. Data is aways sent to both physical buses. The performance of physical busesis
monitored and compared. When one busis found to be worse than the other, a corresponding fault
condition is detected as well.

12
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Rack Alarm Control

The SCU unit controls the three LEDs and the corresponding relay outputs for the equipment alarms
(PMA, DMA, MEI) of asubrack. Therack alarm LEDs and the corresponding relay outputs are located
in the PFU or PAU units. Therack alarms, PMA, DMA, MEI, aregiven if any unit in the subrack hasan
active fault condition which requires the corresponding alarm as a consequent action. The SCU unit
collects PMAs, DMAs and MEIs from the units of the subrack and sums them separately for each rack
alarm.

CONTROL UNIT MOTHER PAU / PFU

BOARD
R
REG ]
— > A e PMA
> (X) DMA
cPu | % " REF>_D_§|_A‘—D DMA
T

M MEI |

> Ac REFM MEI

A2F0005A.WMF

2]

2]

2]

Fig. 9: Rack Alarm Control

Rack alarms can be delayed. The rack alarm delay can be set (0¥ 600 seconds) by the user. A summed
alarm must be active at least for the set delay time - not necessarily continuously - before the rack alarm
isactivated in PFU or PAU. Therack alarm will be passivated in PFU or PAU when the summed alarm
has been continuoudy passive for at |east the set delay time.

Therack alarm PMA and DMA can be cancelled. Therack alarm cancellation isnot delayed. When PMA
and DMA have been cancelled, MEI is activated as a reminder.

Event Reporting to Network M anagement System

The SCU unit does not only supervise the registered units of the subrack for the rack alarms but also to
support subrack-level and node-level status polling from the centralized Network Management System as
well. The node state report contains the status of the subracks which are not in the normal state.

The subrack state report contains the status of the units which are not in the normal state. For example,
all changesin fault conditions and configuration areindicated for all units. Thesereportsmakeit possible
to get detailed information from the correct units for different purposes.

While the subrack state report is created, the route to the polling DXX Server is updated to the local
routing table of the SCU unit from the invoke message. Thisroute can be used to send spontaneous event
reportsto the DXX Server. Theunit reporting modul es can send event reportsto thelocal SCU unit which
then sendsthemto the DXX Server. The most important application isthe reporting of trunk fault changes
in the trunk recovery management.
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Channel Test Functions

The SCU unit contains a configurabl e test resource which can be used for channel test functions. Thetest
resource contains a configurabl e cross-connection port, test loop functions, a test pattern generator and
receiver. The channel test functionsinclude create and del ete operations which are used to allocate and
deallocate the test resource for a given circuit, operations to determine the test configuration, actionsto
activate and deactivate the test port, actionsto activate and deactivate test operation and a get operation
to read the test status and the test results.

The test status and the test resultsinclude the following data:

—  Test status: active (trueffalse); running (trueffalse)
— Elapsed time

— Test control performance data

— Error counters

— Slip counters

— Error performance (G.821)

Control Channel Support for the HDL C-4CH

The HDLC-4CH unit isan optional module, which can be piggy-backed on a SCU unit. TheHDLC-4CH
unit providesfour additional HDL C control channelsto the DXX node and an additional backup memory
for use of other unitsin the node.

The control channelsin HDL C-4CH unit are connected to the DX X node's cross-connection busvia SCU
unit which provides four cross-connection ports for the channels. The bit rates of the cross-connection
ports can be configured in pairsto 0, 8, 16, 32, or 64 kbit/s. The ports can be connected through the DXX
network to another node to provide transparent control channels between HDL C-4CH units. The control
channels provided by the HDL C-4CH unit are used for communication between DX X nodes.

The HDL C-4CH unit's additional backup memory feature, applicable from hardware version 3.0, isused
to store other unit's settings requiring large amount of memory (eg. GMU) in the same node.

2.3.3 Unit Faults

2.3.3.1 Unit Faults

Fault Condition Status LED Note
Reset of Unit PMA R

Power Supply Faults

Fault Condition Status LED Note
VB1: +5V (BUSL) [PMA
VB2: +5V (BUS2) [PMA
Power + 5V PMA
Power + 12V PMA
Power -10 V PMA

| W B B B
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Power Supply Faults

Fault Condition Status LED Note
VB1: + 5V (BUSL) |[PMA R
VB2: +5V (BUS2) |PMA R
Power + 5V PMA R
Power + 12V PMA R
Power -10 V PMA R
Memory Faults
Fault Condition Status LED Note
RAM Fault PMA
EPROM Fault PMA
FLASH Memory PMA
Fault
Missing Settings PMA R
Incompatible SW in [PMA R
EPROM and FLASH
Check Sum Error in |PMA R
Downloaded Pro-
gram

15
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Control Bus Faults

Fault Condition Status LED Note
FaultinLocal VTPBusl |DMA Y A test window can be used to check the Local
VTP status and clear the fault.
FaultinLocal VTPBus2 |DMA Y A test window can be used to check the Local
VTP status and clear the fault.
Fault in Cluser VTP Busl |DMA Y Possible in a dave subrack of a cluster node.
Fault in Cluster VTP Bus2 |DMA Y Possible in a dave subrack of a cluster node.
Cross-Connection Protection Faults
Fault Condition Status LED Note
Faulty Cross-Connection |PMA, S Y Service alarm
System
Forced Statein SXU Acti- |MEI Y
vation
Inventory Faults
Fault Condition Status LED Note
Installation Error PMA, S R Servicealarm
Missing Unit PMA, S Y The block number indicates the unit address.
Service alarm
Extra Unit MEI Y The block number indicates the unit address.

Optional External Alarmswith ALARM-IF

Fault Condition Status LED Note
Battery Not Ready PMA R Contact closurein the external alarm input 1
AC Off PMA R Contact closurein the external alarm input 2
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2.3.4 Strapping I nstructions for SCU
Strap S1 setsthe Cluster VTP bus bit rate. Strapping on the | eft side (J1) means positions 2 and 3 (1024

kbit/s), and strapping on the right side means positions 1-4 (512 kbit/s).

STRAP FUNCTION OF STRAPPING STRAPPED 14 STRAPPED 23

S1 VTP Bit rate 512 Khit/s 1.024Mbit/s
STRAP FUNCTION OF STRAPPING STRAPINSERTED |STRAP REMOVED
J1 Watchdog system Disabled Enabled

17
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2.3.5 Front Panel for SCU

]

SCuU

Led, Led,

red® Oyello

SCC

AOMOO054A.WMF

Fig. 10: SCU Front Panel (optional modules for SCC, see next page)
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SCU Cluster Bus Connector (D15 Female) Pin Usage

Pin Signal

1 Cable Shield

8 Signal Ground

6, 13 VTDT1, bidirectional
14,7 VTCL1, bidirectional
10,3 VTDT2, bidirectional
9,2 VTCLZ2, bidirectional

SCU Local Service Computer Connector (D25 Female)

Pin

Signal

101 Cable Shield

103 transmitted data

104 received data

105 request to send

106 ready for sending

107 data set ready

102 signal ground

O N| o] g ] W] N|

109 signal detector

N
o

108 data terminal ready

9v4 19

no connection

21Y425

no connection
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CONTROL INTERFACE MODULL
SCC-IF

]

00000
0000

CN1

AOMOO55A.WMF

Fig. 11: Control Interface module SCC-1F

SCC-IF NM S Computer connector V.11 levels (D15 male)

Pin Signal

1 Cable shield

2,9 T(A), T(B), output
3,10 C(A), C(B), output
4,11 R(A), R(B), input

5,12 I(A), I(B), input

6, 13 S(A), S(B), input/output
8 G, signal ground
7,14,15 | no connection
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ALARM INTERFACE MODULE
ALARM-IF

J1

AOMO056A.WMF

Fig. 12: Alarm Interface module Alarm-1F

Alarm Interface module pin usage (D9 female connector)

Pin Signal

Contact alarm 1, input

No connection

Contact alarm 2, input

No connection

No connection

Return 1, signal ground

No connection

Return 2, signal ground

Ol 0| N| o o | W] N| =

No connection
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2.3.6 Cabling for SCU/CCU

Jl

4 5 [ 7 g

Eﬁozooooooo'
91911019191919
: Pt |

J2

Qﬁozoo‘bso‘ooo'
: 919191919140150
P |

SHIELD

GND

/ VTCL2

/ VTDT2

/ VTDT1

/ VICLL

[ 111 ] :
. T 2 6 8 H
5\. o o0 0 0 @ o};
_ m. 11. 12. 1’ 14. 15.

J3

: L1l | :
e :
\o e o 0o 0 o 8o};
m. 11. 12. 1’ 14. 15.

Ja

PIGGYBACK CONNECTOR COVER SET LORLIN MHS-15-PB-M

AOCO0004A.WMF

Fig. 13: SCU/CCU Control Bus Cable

AOCO005A.WMF

Fig. 14: BCU-SCL ALARM Interface cable

NOTE! Pins 6 and 8 of the connector J1 can be earthed in BCU unit if necessary.

The same cable can also be used with the PFU-B or PFU-A.
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2.3.7 Control Interface Technical Specifications

SC Interface

Purpose

Electrical interface
Data bit rate
Character format
Connector type
Interface signals

Protocol

SCC Interface

Purpose

Electrical interface
Data bit rate
Frame formats
Connector type
Interface signals

Protocol

CBUS Interface

Purpose
Electrical levels
Data bit rate
Connector type
Interface signals
Protocol

Physical length of the bus

Management interface for SC/NMS

V.28

9600 b/s asynchronous

8 hit, no parity, 1 stop bit

SO 2110, D-type 25-pin femal e connector
101,102,103,104,105,106,107,108 and 109
Layers2...7 proprietary

Management interface for NMS
V.11/X.27
64 kb/s synchronous

F,A,C,FCS, ForF, A, C, Info, FCS, F (basic operation)

SO 4903, D-type 15-pin male connector
GT,RCIS

LAPB + X.25 PLP + Layers 3...7 proprietary

Cluster Control Bus

V.11, redundant drivers and receivers
1024 kbit/s synchronous

SO 4903, D-type 15-pin femal e connector
VTDTL, VTDT2and VTCL1, VTCL2
Layers2...7 proprietary

20 m, maximum
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2.4 SXU Cross-Connect Unit

2.4.1 General

The cross-connect unit SXU has three variants. In a Basic Node either SXU-A or SXU-B isemployed.
SXU-C isused in a Cluster Node's slave subrack. All SXU variations have a strictly non-blocking time-
space matrix for 64 kbit/s signals.

SXU-A cross-connects n x 64 kbit/s XB-channels with possible signalling (XD-channels) aswell asa
limited number of n x 8 kbit/s XB-channels. SXU-A isintended mainly for network access nodes.

SXU-B isintended for network transit nodes requiring extensive use of n x 8 kbit/s connections. SXU-B
covers the functions of the SXU-A providing also n x 64 kbit/s- and XD-channel connection.

SXU-C provides n x 64 kbit/s plus XD-channel connection in a Cluster Node.
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2.4.2 SXU Operation

2.4.2.1 Subrack Cross-Connect Bus (X-Bus) Structure

The cross-connect bus coversunit positions2 to 16 (17) in the subrack back plane. Position 17 isreserved
for an optional bus extension card to the lower shelf in a double-shelf subrack.

NODE ACCESS PORT% ‘

IF UNIT IF UNIT SXU
PORT A PORT B

DATA TO SXU [1] (DR1) V. \; 8 W

DATA TO SXU [2] (DR2) ’

DATA FROM SXU (DT)

BUS ADDRESS (Al)

BUS TIMING

A2F0006A.WMF
Fig. 15: X-Bus Signals

The X-bus operates synchronously. Interface units (IF-units) adjust mesochronous or plesiochronous

access port signalsinto the X-bus by bit buffering. IF-units with a frame structure also buffer the frame
(multiframe) phases.

SXU suppliesthe bus clock (16896 kHz), frame timing (8 kHz) and multiframe timing (0.5 kHz). SXU
generates a port address for each cross-connected bustime sot. A port exchanges a data byte with SXU
when the port recognizes its address. Ports with a frame structure receive the frame time slot number
explicitly. The data bus in the direction from the IF-units to SXU is doubled for redundancy.
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1 FRAME (125 us)
TSB 01 528 ... 559, 1008 ... 1039 XD-CHANNELS 105\3 1055
H —H I H
7
’}, Frame sync; 8 kHz( TSB 1052) 5
. 4| BITm = 8 kbit/s
Multiframe sync; every 16'th frame (frame 15) TSBn = 64 kbit/s 3
1
0
BIT
TSB USE NUMBER OF TSBs
0,1 BUS TEST 2
2709 UNUSED 8
10 TO 527 XB-CHANNELS | 518
528 TO 559 XD-CHANNELS |0 TO 32
560 TO 1007 XB-CHANNELS | 448
1008 TO 1039 XD-CHANNELS |0 TO 32 TSB = BUS TIMESLOT
1040 TO 1052 XB-CHANNELS | 13
1053 TO 1055 BUS TEST 3

A2F0007A.WMF

Fig. 16: Logical Structure of the X-Bus

The X-bus frameis divided into 1056 bustime dots (tsB) numbered from 0 to 1055. Each tsB hasa
capacity of 64 kbit/s. Each of the eight bitsin atsB can be considered as a separate 8 kbit/s channel. For
XD-channel cross-connection up to 32 (in SXU-A) or 64 (in SXU-B) tsBs can be further multiplexed by
the 16 frames long multiframe. The XD-time g ots are cross-connected hit-by-bit creating n x 0.5 kbit/s
channels.

Fivetime dots are reserved for node monitoring. The remaining 1051 bus time sots are reserved for
Ccross-connection of user data.
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2.4.2.2 X-BusAllocation

X-bus capacity is allocated by the SXU software based on selected port parameters. Ports are classified
as even and uneven ports.

Even Ports

2048 and 8448 kbit/s ports on the GMH-unit can get an even allocation providing minimum signal delay.
The operator creates an even allocation by choosing a 2 frame receive buffer. A longer buffer resultsin
an uneven allocation.

When the operator locks the parameters of an even port, bus capacity is allocated according to the port's
signal rate. This capacity can be released only by unlocking the port.

The X-busisdivided into eight 8448 khit/s even groups consisting of regularly every eighth bustime dot
(TSB). A 8448 kbit/s group can be further divided into four 2048 kbit/s even groups. These groups have
fixed bustime dots. A maximum of 32 even 2048 kbit/s ports can be locked in one subrack.

Uneven Ports

Other than 2048 and 8448 kbit/s ports get an uneven allocation. Also 2048 and 8448 kbit/s ports get an
uneven allocation if receive buffer islonger than 2 frames. An uneven port does not reserve tsBsfor XB-
channels until the time dots are cross-connected. A possible XD-time dot is reserved when the port is
locked. More than 32 uneven 2048 kbit/s ports can be accommodated in a node, if part of the time sots
are not cross-connected and if the signalling capacity is not limiting.
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2.4.2.3 An Example of the Signal Cross-Connection Procedure

64 kbit/s XB-Signal Connection

The following sequence detail s the procedure when SXU cross-connects a byte between two 64 kbit/s
ports. shows the data path in the direction from port A to port B (dashed line).

When the operator locks the port parameters the port is automatically allocated one tsB. The operator
creates a cross-connection between the two ports.

In each bus frame for ports A and B:

SXU outputs the port's address on the address bus

SXU reads a cross-connect address from an address memory and using the address reads a data
byte from the data memory

The port and the SXU exchange a data byte
SXU writesthe byte it received into a data memory

The port sends the byte it received to the access interface. The delay of XB-channelsin the SXU
isoneframe (125 rs). Thetotal delay through anode also includesthe buffer delaysin the lF-units.

FRAME n FRAME n+1

TSBi TSBi TSBj

ADDRESS
BUS

— — %

PORT A PORT A PORT B

DATABUSTO
CONTROL UNIT

DATABUSFROM
CONTROL UNIT

TSBi+2 TSBZ TSBZ TSBj
— vV — 0 — | — 1 . —
N
"\»———-:i@* ~~~~~~~~~ —
T+2 Tsz TSZ Tsz
) —  — | — ) —

A2F0008A.WMF

Fig. 17: Data Byte Exchange on the X-Bus

8 kbit/s XB-Signal Connection

The data exchange on the X-busis similar to that of the 64 kbit/ssignal. A whole byte is always
transferred. SXU assembles the byte bit-by-bit during eight consecutive time dots. Bits, which have not
been cross-connected, are set to idle state '1'. Signal delay is one frame within the SXU.

0.5 kbit/s XD-Signal Connection

The procedureis similar to the 8 kbit/s connection, but here the multiframe structure is employed. The
delay in the SXU is one multiframe (2 ms).

2.4.2.4 Node Clock System

Themain oscillator (PLL1) runsat a frequency of 16896 kHz. Accuracy in internal timing modeis+30
ppm over the operating temperature range. For jitter and wander specifications, see Technical
Specifications. The main oscillator can be locked to an external source or to the received clock of an
access interface. Two synchronization buses are provided for transferring clocks to the SXU.
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NODE ACCESS PORTS;
N x 64 KBIT/S
IF. UNIT | PORT STATUS IF. UNIT
C \ ] —‘L \ ] C \ I —‘L I
SYNC BUS 1 v/ \V/
BACK-
SYNC BUS 2 PLANE
NODE CLOCK BUS
SXU , PORT STATUS
—_ MONITOR U
. 1
CONTROL
EXT.
S
cLocK —_ MONITOR
IN B 5
MONITOR
3
- PLLL
—
NODE PLL2
CLOCK
out DIVIDER T
N [
A2F0012A WMF

Fig. 18: Node Clock System
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Auxiliary Oscillator

An auxiliary oscillator (PLL2) islocked to the PLL1 providing frequencies in the 2048 kbit/s hierarchy
for the clock output interface. Frequency of oscillationis 8192 kHz. PLL2 also suppliesthe 2048 kHz
clock used for connection to the subrack control bus.

75 OHM
EXT.
CLOCK
IN 120 OHM VO/_BIL ]‘[
G.703 ST
e —T
S2 INTERFACE]
75 OHM TO LOGIC
NODE
CLOCK —
ouT 120 0HM $C 6 — 4
G.703 sS4
TN
S
A2FO013A.WMI

Fig. 19: Clock Interfaces

Clock Interfaces

An input interface for an external clock and an output interface for the node clock are provided. The
interfaces comply with the ITU-T rec. G.703 8§ 10. Connectors are located in the SXU front panel. For
interface specifications see Technical Specifications.

The quality level (QL) of clock signal

Each synchronization source (external clock interface or trunk line) has a parameter called Quality level
and it has been defined as numerical valuesfrom 1 to 7 where 1 is the highest and 6 the lowest one (7
means ‘don’t use this clock’; used to prevent timing loops). The quality level of external clock is
parameterizable for each node separately through NM S Master Clock window. (Usually value 1 isused.)
Thequality level of aclock obtained from trunk lineis determined in the node where the clock originates.
(In PDH network, itisusually 1 if the original sourceisan external clock and 6 if the original source
should be the internal clock of some node.) If a node should lose other clock sources and fall to internal
clock, the quality level valueisthe one parametrized for internal clock in NMS Master Clock window
(usually value 6 is used).

For PDH trunks such as GMH, the quality level istransmitted over the network via Neighbor Node
Monitoring messages. For SDH trunks such as GMU, there is a mapping between the SSM
(Synchronization Status Message) quality levels.used in SDH networks and the proprietary Ericsson
DXX quality levels, asfollows.

SDH quality level Interpretation in Ericsson DXX
QL-PRC 1
QL-SSU-T 2
QL-SSU-L 4
QL-SEC 5
QL-DNU 7
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Ericsson DXX quality level Interpretation for SDH
QL-PRC

QL-SSU-T

QL-SSU-L

QL-SSU-L

QL-SEC

QL-SEC

QL-DNU

N O O B~ W N

Quality levels can be disabled through NMS Master Clock window, which meansthat the quality levels
are ignored when selecting the node clock.

Quality Level Message Delaysin Basic Node

Thedistribution method of the quality level of aclock isdifferent for SDH and PDH parts of the network,
and so are the distribution delays.

In SDH trunks (for example, STM-1 interfacesin GMU units) the quality level is continuoudy
transmitted in SSM messagesin the SOH bytesof an STM-1 (ITU-T Recommendation G.707). The cross-
connection unit, which controls the clock, exchanges the SSM messages through the cross-connection
bus, which is a fast method. Consequently, the delay for passing an SSM message on to another nodeis
short and depends mostly on data processing delay in the cross-connection unit. For SDH trunks, it less
than 450 ms.

In PDH trunks (such as trunks between GMH units), the quality level is repeatedly sent to the far end
using neighbour node messages (NNM). Theinterval between two NNM messages may depend on the
trunk unit type, but itistypically 1 s. The cross-connection unit pollseach trunk unit frequently, sendsthe
current quality level, and receives the incoming quality levels. The delay between two pollsof asingle
unit depends on the node type (cluster or basic).

Consequently, the delay for passing a quality level message on to another node through PDH trunksisthe
sum of threevalues: the polling delay for theincoming trunk unit, the polling delay for the outgoing trunk
unit, and the delay in the NNM process of atrunk unit. All three delays are random, and their maximum
values are asfollows:

1 Polling delay for PDH units: max 4 sin basic nodes.
2. NNM process delay for PDH trunks: max 1 s.

Average values can be estimated by dividing these three values by two. For example, the average delay
between two GMH trunksin a basic node might be2.0 + 2.0+ 0.5s=4.5s

31



ERICSSON 2

-
DXX NODE TECHNICAL DESCRIPTION

Ericsson Radio Access AB
2/1551-ZAE901 17 Rev D BASIC NODE

1999-02-23

SXU CROSS-CONNECT UNIT

Fallback List

InaDXX network 2 Mbit/sand 8 Mbit/strunk lines and the SXU’ s external clock interface are normally
used to transfer timing to the node. While the node clock can be synchronized from interfaces at lower
rates (n x 64 kbit/s), it should be noted that synchronization from 2 Mbit/sand 8 Mbit/ssignalsresultsin
better controlled wander properties.

The operator selectsin the Master Clock-menu of the Node-window portsfor thefallback list and assigns
their priority. Up to five ports can be entered.

Among the clocksin the fallback list, the clock signal which has the highest quality level and the status
of which is OK, isthe one to which the master clock issynchronized. If clock signals havethe same QL,
the clock to which the master clock is synchronized is the one with the highest priority according to the
Fallback list. However, if quality levels are disabled (see the previous section), all clocks are considered
to have the same quality level. If no clock in fallback list is usable, the node usesthe internal clock of
SXU.

Clock Monitoring and Alarms

The SXU monitors the clock selected and also the next choice on the fallback list. The external clock is
monitored when enabled.

Fallback list clocks are also monitored by the interface units. By amajor fault in a port'srx-signal, the | F-
unit clamps the clock (on SYNC BUS 1/2) and sends a clock status message to the SXU. SXU’s
monitoring circuit opens the phase-locked-loop maintaining the clock frequency until the processor
selects another clock. Internal timing isselected if all clocks on the fallback list have failed.

2 Mbit/sand 8 Mbit/sinterfaces with a frame structure can employ a dedicated hit in the frame as a clock
far end alarm bit (FEA). It isused on trunks transferring timing between nodes. If an intermediate node
in anetwork losesits synchronization, the alarm bit is transmitted from all itsinterfaces. The receiving
node’s I F-unit then clamps the clock on sync bus 1/2.

After afault is cleared the IF-unit gradually clears the clock status. The operator can enter a clock
acceptance time in the Master Clock-menu. A clock is not selected again until its status has been good
over the acceptance time.

The SXU supervisesthat the PLL 1 islocked to the clock source. A phase-locked-loop alarm is generated
if the source frequency isout of range or if it contains jitter more than specified in Technical
Specifications.
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NOTE!

NOTE!

Clock Output Interface

Node clock output is provided at the external interface in the SXU. The output is activated and its

frequency selected from the Master clock window. The output control function, when set to on state,

disables the output when the SXU isin internal timing or locked to the external interface. When output
control is off, clock output is active regardless of the fallback list state.

Clock Faults Monitored in the SXU (software version 6.5 or earlier)

Fault description Status  |Led Alarm message

All but one clock on fallback list havefailed | MEI - Fallback list warning

All clocks on fallback list have failed MEI - L oss of master clock locking
External clock enabled and missing PMA Red L oss of external clock
External clock on fallback list,

clock interface disabled MEI - External clock warning
Locking to a clock failed: input frequency out | PMA Red Phase-locked-loop alarm

of tolerance range (typically external clock)

Clock far end alarm (individual for each link) [ MEI Yd Clock far end alarm

I n protected SXU nodes, faultswhich light red LED cause protection switch to
the redundant SXU (unless the redundant SXU has the same praoblem).

Clock Faults M onitored in the SXU (software versions 6.6 to 6.8)

Fault description Status  |Led Alarm message

All but one clock on fallback list havefailed | MEI - Fallback list warning
All clocks on fallback list have failed MEI - L oss of master clock locking
External clock enabled and missing PMA Yd L oss of external clock
External clock on fallback list,

clock interface disabled MEI - External clock warning
Locking to a clock failed: input frequency out | PMA Yd Phase-locked-loop alarm
of tolerance range (typically external clock)

Clock far end alarm (individual for each link) [ MEI Yd Clock far end alarm
Faulty clock source (individual for each link); | MEI Yd Faulty clock source

see description below

SSM clock quality parameter from an SDH in-| MEI Yd Unstable SSM

terface in unstable

In protected SXU nodes, none of these faults causes protection switch. In

particular, if the active SXU loses external clock but the redundant SXU does
not, the node cannot utilize the external clock at all.
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Clock Faults Monitored in the SXU (software version 6.9 and later)

Fault description Status  |Led Alarm message

All but one clock on fallback list havefailed |MEI - Fallback list warning
All clocks on fallback list have failed MEI - L oss of master clock locking
External clock enabled and missing PMA Ye L oss of external clock
External clock on fallback list,

clock interface disabled MEI - External clock warning
Locking to a clock failed: input frequency out | PMA Ye Phase-locked-loop alarm
of tolerance range (typically external clock)

Clock far end alarm (individual for each link) |MEI Ye Clock far end alarm
Faulty clock source (individual for each link); | MEI Ye Faulty clock source

see description below

SSM clock quality parameter from an SDH in- | MEI Ye Unstable SSM

terface in unstable

External clock on fallback list but missing, and | PMA Red Clock failure switchover
no other OK clock available

NOTE! I n protected SXU nodes, faultswhich light red LED cause protection switch to
) the redundant SXU (unless the redundant SXU has the same praoblem).

If the node clock supplied by the SXU should fail, the GMH/GCH-A unitstransmit an independent clock
with a basic frequency tolerance to output ports. Node clock alarm is generated by the IF-units.

Clock Faults Monitored in the SXU (software version 10.1 and later)

Fault description Status  |Led Alarm message

All but one clock on fallback list havefailed | MEI - Fallback list warning

All clocks on fallback list have failed MEI - L oss of master clock locking
External clock enabled and missing PMA Yd L oss of external clock
External clock on fallback list, MEI - External clock warning
clock interface disabled

Locking to a clock failed: input frequency out | PMA Yd Phase-locked-loop alarm

of tolerance range (typically external clock)

Faulty clock source (individual for each link); | MEI Yd Faulty clock source

see description below

SSM clock quality parameter from an SDH in-| MEI Yd Unstable SSM

terface in unstable

External clock onfallback list but missing, and | PMA Red Clock failure switchover
no other OK clock available

Indicates used clock position in fallback list | MEI Yd Fallback List Entry N Used

(individual for each list entry 2-5)

If the node clock supplied by the SXU should fail, the GMH/GCH-A unitstransmit an independent clock
with a basic frequency tolerance to output ports. Node clock alarm is generated by the IF-units.
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Faulty Clock Source Alarm

In software versions 6.6 and later, the following handling of phase-locked-1oop problemsisimplemented.

Typically the actual problemisthat the frequency of external clock input of the nodeisdistorted so much
as to exceed the tolerance of the phase-locked |oop controlling the master clock. If such aproblemis
persistent, the clock source is marked as faulty, and the ‘faulty clock source’ alarm for that entry in the
fallback list israised. A clock which is marked as faulty cannot be used as the master clock of the node.
When the network operation has fixed the original problem, it is necessary to reset the ‘faulty clock
source’ alarm through NMS. Thisis done by updating the fallback list thorough NMS Master Clock
window.

Asthe faulty clock source alarm prohibits further use of the clock without human intervention, it is
implemented so that the alarm is not raised if the problem appears to be only temporary. The following
figure describes how the alarmisraised. Thereisa counter (cnt) which iszeroif the clock has not had
phase-locked loop problemsrecently and increasesif problems appear. If the counter growstoo high, the
alarmisraised.

Note that in States 1 and 2 the clock is considered usable, and in States 3 and 4, unusable.

3

Clock
source
Disabled

4
Clock

source
Not used

AOF0081A.WMF

Fig. 20: Clock source

A - If cnt > 0 and no faults has occured for 5 minutes cnt is decremented by 1

B - PLL alarm occurs and cnt isincremented by one

C-PLL alarmon for morethan 10 s

D - If cnt > 2 clock source is disabled permanently after 60 s (Until it isenabled from NMS)
E - If ent < 3 clock sourceis enabled again after 60 s.

F-NoPLL alarmduring 10 s
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2.4.2.5 Clear Channel Support in SXU

Unit software version 10.1 and later for SXU supports dynamic clear channel switching used for EPS
(Voice/lFAX compression) units. EPS does not support high speed modems, in particular V.32 and V.34
(see EPS release notes). 1f EPS compressed voice band circuits are used in applications where these
modemsare used, the modem callswill fail. To allow general use of compressed voice band channels(i.e.,
all common voice band traffic is supported) a dynamic 64kbps clear channel is provided when data
modems arein use.

Configuration hastwo end nodeswith EPS units capabl e of clear channel support. Nodes can be protected
or unprotected. SXU will communicate to peer EPS Unit(s) and far SXU with messages using paths
defined in parameters. | ntermediate nodes do not have any requirements for SXU unit software version.
The clear channel parameters are maintained with NMS and they are only stored to flash listsin SXU.
This meansthat in an unprotected node there are no backupsin the node. In a protected node the
parameters are protected in the same way than other cross connection information. If thelist systeminthe
passive SXU unit is not compatible with the active SXU it isindicated by afault (Passive Flash Version
Fault) in the active SXU.

Clear Channel Concepts

Clear Channel Group (CCQG):

A CCG isthe administrative unit within which clear channel switching takes place. It includes a set of
compressed and clear channel circuits between two end nodes, and some additional information related
to the switching operation (communication path, statistics, etc.). Thecompressed portion of acompressed
circuitinaCCG may bebypassed by rerouting (switching) the circuit to aclear channel circuit inthe same
CCG. To avoid configuration and allocation conflicts between the two end nodes, one of the nodesis
designated Master and the other Slave for the CCG. Maximum number of CCGsin SXU is 15.

Compressed Circuits (CMC):
Compressed circuits are configured as usual. Maximum number of CMCsin SXU is 108.

Clear Channel Circuits (CLC):
These are 64kbpscircuits configured in advance between the end nodes of compressed circuits. Theseuse
anew NMS circuit type: Shared Segment. Maximum number of CLCsin SXU is27.

Control Channel (CNC):

A control channel between SCPsin the end nodesis configured to ensure fast exchange of switching
protocol messages. The SCP HDLC ports are configured as SUAP (rather than General bound to HDLC
trunk, as used for NMS control channels) and a circuit is routed between them using NMS circuit type
Control Channel. Each SXU isinformed of the control path by the NMS.
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Switching to Clear Channel

When a Clear Channel Group is activated, active compressed circuits (CMCs) are able to request a clear
channel from the SXU when a modem call is detected. The compressed circuit is switched to a clear
channel in a manner designed to avoid disrupting the modem negotiation process. The clear channel is
used for the duration of the modem call and rel eased when the modem call ends.

Clear Channel Faults Monitored in SXU

Fault description Status | Led Alarm message

SXU cannot communicate with the peer | PMA Yd CCG communication fault
SXU in the far end node of CCG

Compressed Channel unusable for switch- | MEI - CCG CMC fault (DELTA)
ing, xc fault

The number of free CLCs have decreased | MEI - CCG threshold alarm (DELTA)

below threshold at least once during the
current 15 min period (see CCG Alarm
threshold attribute)

Switchto CLC isblocked at |east oncedur- | MEI - CCG blocking alarm (DELTA)
ing the current 15 min period

Switch to CLC failed to complete at least | MEI - CCG switch request failed (DEL-
once during the current 15 min period TA)

Clear Channel Statisticsin SXU

The statistics are counted for periods of 15 minutesand for periods of 24 hours. Statisticsare kept for the
current period and the previous period.

— Number of clear channels active in group at beginning of period

— Maximum number of clear channelsin use

— Minimum number of clear channelsin use

— Number of callsincoming (switch requests where thisend is called end)

— Number of calls outgoing (switch requests where this end is calling end)

— Number of callsreleased (ended) during period

— Total duration of callsthat ended during the period (seconds)

— Number of switch requests blocked (failed because no clear channels availabl€)
— Number of switchesfailed (did not complete due to protocol error or other failure)
— All time maximum number of clear channelsin use (not by period)
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2.4.3 SXU Fault Monitoring

2.4.3.1 SXU Internal Operation Monitoring

The internal data busses of the SXU are continuously monitored by looping a test byte within the SXU.
The unit processor’ s data memory, program memory and non-volatile memory are constantly monitored.

SXU monitors the cross-connect address and port address memories when cross-connections are made.

Memory Faults Monitored in the SXU

Fault description Status  |Led Alarm message
X-connect memory fault PMA+S | Red X-connect RAM fault
X-connect matrix error MEI - ASIC latch warning
X-connect matrix fault PMA+S |Red ASIC latch error
SXU internal cross-connect fault PMA+S |Red X-connect loop error
Processor memory fault PMA+S |Red RAM fault

Processor program memory fault PMA+S | Red EPROM fault
Processor non-volatile memory fault PMA+S | Red FLASH error

Subrack Monitoring

The SXU runsacontinuoustest in time dot 1053, in which each active port loops back atest byte sent by
the SXU (two complementary patterns used). If all portsfail, an 'X-bus 1/2 fault' is given and the
redundant data busis switched on. If the address or the timing busfails, which can not be excluded by a
bus switching, an "X-connect bus fault' is generated.

X-Bus Faults Monitored in the SXU

Fault description Status  |Led Alarm message

Port failure PMA+S |Yd Unit n 1A fault

X-bus 1/2 fault DMA Yd X-connect bus 1/2 fault
X-busfault PMA+S | Red X-connect bus fault
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Power Supply Monitoring

The SXU contains an analogue-to-digital converter for supervising the unit power supply voltage. A
reference voltageis provided in the SXU.

Power Supply Faults Monitored in the SXU

Fault description Status  |Led Alarm message
Unit supply voltage + 5/+12/-10 V out of PMA+S |Red Power + 5/+12/-10 V
range

SXU Protection

The SXU can be doubled for redundancy. The active SXU isindicated by a green led. The stand-by unit
receives same control and cross-connection messages as the active unit and adjusts to the X-bustiming.

The SCU controlsthe switching of the SXUs based on response to pollsand on alarm status. A red alarm
inresultsin aswitch over. SCU enables one SXU and disablesthe other SXU with hardwired signalsvia
the back plane. The time from a fault detection to the switch over isshort. In protected operation a PMA
alarm from the stand-by SXU istransformed into a MEI-alarm.

In the SXU software version 10.1 and later there are extended lists in the flash that are not supported by
older SXU versions (clear channel support). The new SXU isableto indicate thisincompatibility with the
following fault.

Incompatibility Faults Monitored in the New SXU 10.1

Fault description Status  |Led Alarm message
Passive SXU needs software upgrade (or is | MEI - Passive Flash Version Fault
missing)
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2.4.4 SXU Strapping Instructions

All SXU variants haveidentical straps. Select either the coaxial (75 W) or the symmetrical (120 W) clock
interface (if neither isused, the straps are irrelevant).

ThelTU-T rec. G. 703 § 10 recommendsthat the output cable shield isgrounded and that the input shield
can be grounded. Additionally the possibility to disconnect the output from ground is provided (not
recommended for EMC reasons).

GN
=54 2Css
— S3
— S2
— S1
GN B

A2MO008A.WMF

Fig. 21: Location of straps on SXU

SXU Strapping when Coaxial I nterface Used

Strap Pos. Description
S1 N Input coaxial cable shield not grounded
Input coaxial cable shield grounded

S2 * Don't care
S3 * Don't care
A N Output coaxial cable shield not grounded

G Output coaxial cable shield grounded
S5 C Always (information of the position to the software)
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SXU Strapping Symmetr

ical Interface Used

Strap Pos. Description
S1 N Always
S2 N Input symmetrical cable shield not grounded
G Input symmetrical cable shield grounded
S3 N Output symmetrical cable shield not grounded
G Output symmetrical cable shield grounded
A N Always
S5 S Always (information of the position to the software)

2.4.5 SXU Technical Specifications

I mpedance

Nominal frequency
Frequency tolerance
Connector

Input attenuation

Input jitter tolerance
Return loss

Over voltage protection
Continuous signal level

Grounding

Impedance
Connector
Output pulse at 2048 kHz

Pulse amplitude

Nominal frequency
Output jitter
Over voltage protection

Grounding

75 W coaxial or 120 Wsymmetrical (connect one at a time)
N x 64 kHz; N =1...132

+ 50 ppm

SMB-connector male or 9-pin D-connector female

6 dB at 2048 kHz max. relative to the output pulse

see “Node Clock Jitter and Wander” on page 42

15 dB min. at 2048 kHz

G.703 ANNEX B with an amplitude of 50 V

5V rms max.

cable outer conductor can be grounded

75 ohms coaxial or 120 ohms symmetrical (oneload at atime)
SMB-connector male or 9-pin D-connector female
e (G.703 § 10.2)

Vmin=0.75V,V max. =15V at 75 ohms
Vmin=10V,V max.=19V at 120 ohms

8448, 2048, 1024, 512, 256, 128, 64 kHz
(see Node Clock Jitter and Wander below)
G.703 ANNEX B with an amplitude of 50 V

cable outer conductor can be grounded
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Node Clock Jitter and Wander

2/8 Mbit/s and clock port output, internal timing 0.05 Ulp-p max.

2/8 Mbit/s port output, node synchronized from an external clock 0.05 Ulp-p max.
at 2048 kHz containing no jitter

2 Mbit/s port output, node synchronized from an interface 0.10 Ulp-p max.
at 2 Mbit/s containing no jitter

8 Mbit/s port output, node synchronized from an interface 0.10 Ulp-p max.
at 8 Mbit/s containing no jitter

T/30 »
T/30 o - > <
7 o +V max
Z +V min
QL 7
? 70 :
. 7
% %
z /
/ / -V min
/ /
7 7
Z é
% ) )
7 7 -V max
T/4 T/4 N T/4 N T/4 N
T

AOF0018A.WMF

Fig. 22: Clock Output Pulse Mask at 2048 kHz
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Fig. 23: Input jitter tolerance at the external clock interface at 2048 kHz

A[dB]
7 O
0.5 20 dB/decade
0 )
5 f[Hz]

A1F0013A.WMF

Fig. 24: Jitter transfer function from 2 Mbit/s port Ato 2 Mbit/s port B or from an external clock at 2048
kHz to a 2 Mbit/s port
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2.5 SXU-A Cross-Connect Unit

2.5.1 General

SXU-A isused in aBasic Node. It cross-connects n x 64 kbit/s XB-channels with possible signalling
(XD-channels) aswell asalimited number of n x 8 kbit/s XB-channels. SXU-A isintended mainly for
network access nodes. It has a strictly non-blocking time-space matrix for 64 kbit/s signals.

SXU-A consists of a base unit and modules:

— SXU 212 cross-connect base unit

— SXZ 282 unit software module

— PDF 202 or PDF 209 power supply module

The power supply moduleis mounted on the base unit along with an interference emission (EMC) shield.

SXU-A is5T wideand isfurnished into card dot 15. In protected mode the redundant SXU-A isinserted
into dot 14.

PDF 202 or
SXU 212 SXZ 282 PDF 209

SXU I /

T

EMC SHIELD

A2MO003A.WMF

Fig. 25: SXU-A Structure
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2.5.2 Operation of SXU-A

2.5.2.1 SXU-A Block Diagram

SXU-A contains two cross-connect matrices (XCM) each handling distinctive connection types. SXU’s
software assigns tasks to the correct XCM.

Both XCMsenter the signal coming from the DR-businto a buffer memory. Either of the XCMs outputs
an octet in each cross-connected TSB to the DT-bus.

The cross-connect capacity of SXU-A is:
— 1043 x 64 (66 752) khbit/s of n x 64 kbit/s (octet) connections (total capacity).

Out of thetotal capacity can be allocated:
— 32 x 64 (2048) kbit/sto n x 0.5 khit/s (channel associated signalling) connections and
— 95 x 64 (6080) kbit/sto n x 8 khit/s (bit) connections

When cal culating the capacity of a connection, add both ends of the connection to the capacity
requirement; for example the two portsin the example in Section on An Example of the Signal Cross-
Connection Procedure each require one 64 kbit/s octet.

2.5.2.2 Cross-Connect Matrix 0
XCMO connects all n x 64 kbit/s XB-channels (fully non-blocking).

The DR-bus data iswritten into the buffer memory, which istwo frameslong, using an address from the
frame counter. Data isread from the buffer with an address, which itself is read from a cross-connect
address memory. The unit processor writes this cross-connect address when cross-connections are
created.
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SYNC PLL1 16M 16M
G.703 ]‘ IF. 16896 kHz 8+0.5 K
SXP 213 DR
IF. DT
SYNO <> uP
ADDR X-CONN.MATRIX 0
DATA 64 KBIT/S DR1
MEM | DATA DR
X-BUS DR2
DT IF. DT
8+0.5K
ADDR. 8+0.5K 16M
MEM 16M
Al
PORT up =
ADDR. SYNC BUS SYB1,2
MEM i\ IF.
ﬁsto
X-CONN.MATRIX 1 BN
DATA 8 KBIT/S CONTROL
MEM 0.5 KBIT/S
AU, ID
<= /0 EN
ADDR.
MEM
HDLC VTP
AUX
ADDR.
MEM < TtV
PLL2 < *12V
<=

A2F0009A.WMF

Fig. 26: SXU-A Block Diagram

In each cross-connected tsB a port address and a possible ts-address (framed interfaces) isread from a
port address memory. The addressis repeated in every frame. Several slow speed accessinterfacesin the
same | F-unit can share a bustime dot, for example eight 8 kbit/s ports one tsB (subrate accessinterfaces
at max. 4.8 khit/s using a port rate of 8 khit/s).

A number of ports can share an XD-time sot by using the same port address and activating themselves
inonly part of the frames.

XCMO contains frame- and multiframe counters, which supply the X-bus timing. The frame- and
multiframe counters of the XCM 1 synchronize to the XCMO.
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2.5.2.3 Cross-Connect Matrix 1

XCM1 provides n x 0.5 kbit/s XD-channel and n x 8 kbit/s XB-channel connections. Both types are
connected bit-by-bit. Total capacity is 127 time sots (ts) per frame (8128 kbit/s).

Between 0 and 2048 kbit/s can be used for XD-channels (fully non-blocking). In XD-time dots the DR-
bus signal iswritten into a two multiframes long buffer memory.

The maximum capacity for n x 8 kbit/s XB-channelsis 95 ts per frame (6080 kbit/s). All portsin a node
with SXU-A should be locked as uneven ports. Otherwise there may be blocking in the n x 8 khit/s

capacity.
XCM1 produces one cross-connected byte in every eighth tsB during the frame and transfers the byte
temporarily into an internal buffer. All bitsin a byte are processed even if some bits are not cross-

connected (they are set to idle state '1"). Bytes are read from the internal buffer to the X-bus using
addresses from an auxiliary address memory. XD-bytes are read from the buffer in tsB 528 to 559.

2.5.2.4 Unit Control

The SXU unit processor linksto the subrack control busviaan HDL C-controller. The SXU stores cross-
connection commandsand port parametersof | F-unitsin anon-volatile memory. Theunit restoresits state
should a power loss occur.

The non-volatile memory has 128 kbytes for saving cross-connection data and port parameters. Cross-
connections can be repeatedly deleted and entered without capacity overflow. 128 kbytes of non-volatile
memory isreserved for program code, which can be down loaded. The core of the program codeis stored
in an EPROM.

A 16-bit processor runsat 16 MHz. The processor has access to the cross-connect matrices and the cross-
connect memories without interfering with the existing connections. A watchdog monitors the operation
of the processor.

2.5.2.5 Power Supply

SXU-A employsthe unit power supply module PDF 202 or PDF 209. The switching power supply
provides three regulated output voltages: +5V, + 12V and - 10 V.

A redundant SXU can beinserted into or removed from the subrack while the subrack operatesnormally.
Thisisaccomplished by a two-phase power-up procedure, where the subrack’s auxiliary power is
employed first until the SXU’s own power supply provides a stable output.

2.5.2.6 New features of SXU-A V5.0

M ain oscillator

The new oscillator was designed to work within +10 ppm through temperature range. The clock hasalso
a hold-over feature.

Strapping
All strapping has been removed. The external clock connector symmetrical cable shield is permanently
tied to the ground.

Unit software
The compatible Unit Software version isV10.0 or newer.
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2.5.3 SXU-A Front Panel

XU
—T Red alarm
Yellow alarm
00 Green: active/stand -by
(o]

SYNC/75 OHM

SMB-connector, male:
OUT Node clock output

@ SMB-connector, male:
IN External clock input

.

Fig. 27: SXU-A Front Panel

Thefigure above showstheled functions. A 75 Wcoaxial interface and a 120 Wsymmetrical interface for
an external clock input and the node clock output have been provided. Either the coaxial or the
symmetrical interface can be operated at atime.

SXU-A Pin Usage

Pin Signal

1 Ext clock input, B

2 Ext clock input, A

6 Cable shield input
3,78 Gnd

4 Node clock output, B
5 Node clock output, A
9 Cable shield output
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2.6 SXU-B Cross-Connect Unit

2.6.1 General

SXU-B isusedin aBasic Node. It isintended for network transit nodes requiring extensive use of nx 8
kbit/s connections. SXU-B has a strictly non-blocking time-space matrix for 64 kbit/s signals. SXU-B
cross-connects n x 64 kbit/s XB-channels with possible signalling (XD-channels) aswell asalimited
number of n x 8 kbit/s XB-channels. It also provides n x 64 khit/s- and XD-channel connection.

2.6.1.1 SXU-B Structure

SXU-B consists of a base unit and modules:

— SXU 218 cross-connect base unit

— SXZ 282 unit software module

— PDF 204 or PDF 209 power supply module
— SXP 213 cross-connect module

The base unit issimilar to SXU 212 used in SXU-A but equipped with mechanics 10 T wide. SXU-B is
mounted in card dot 14 and the redundant SXU-B into slot 12.

PDF 204 or
SXU 218 SXZ 282 PDF 209
SXU-B [
o0 S / \ =

o0 0

o(=lo
\

SXP 213

A2MO004A.WMF

Fig. 28: SXU-B Structure

2.6.2 SXU-B Operation

2.6.2.1 SXU-B Block Diagram

SXU-B consists of a base unit SXU 218 and a cross-connect module SXP 213. SXU 218 iselectrically
similar to SXU 212 (SXU-A). The SXP 213 modul e contains seven cross-connection matrices (XCM). In
SXU-B all XCMsoperatein parallel to provide the required 8 kbit/s cross-connect capacity.
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The cross-connection capacity of SXU-B is:

— 1043 x 64 (67 264) kbit/s of n x 8 kbit/s (bit) connections (total capacity)
Out of thetotal capacity can be allocated:

— 64 x 64 (4096) kbit/sto n x 0.5 kbit/s (channel associated signalling) connections

Cross-Connect MatricesOand 2to 8

XCMO and XCM2 to XCM8 connect n x 8 kbit/s XB-signals. Each matrix supplies cross-connected data
bytes to the X-bus regularly in every eighth tsB. Thefirst byte is availablein tsB10 from XCMO, next
bytein tsB11 from XCM2 etc.

XCMO outputs the X-bus timing and the port addresses. Other XCMs are synchronized to the XCMO.

Cross-Connect Matrix 1
XCM1 provides non-blocking connection of up to 64 x 64 kbit/s XD-channels (total 4096 kbit/s).

XCM2 SXU 212
INTERFACE
DATA X-CONN. MATRIX
MEM
- DT
- B DR
ADDR.
MEM < 16M
P __up
XCM3 _
XCM4 TO
XCM7
XCM8 <
A2F0010A. WMF

Fig. 29: SXP 213 Cross-Connect Module Block Diagram
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2.6.2.2 New features of SXU-B V5.0

M ain oscillator

The new oscillator was designed to work within +10 ppm through temperature range. The clock hasalso
a hold-over feature.

Strapping

All strapping has been removed. The external clock connector symmetrical cable shield is permanently
tied to the ground.

Unit software

The compatible Unit Software version isV10.0 or newer.
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2.6.3 Front Panel of SXU-B
Note: SXU-B is10-T wide.

[s}

—

SXU

_——+— Red alarm
D,O Yellow alarm
Green: active/stand -by
o]

SYNC/75 OHM

SMB-connector, male:
OUT| Node clock output

TN
@ SMB-connector, male:
|N External clock input

A2MO006A WMF

Fig. 30: Front Panel of SXU-B (10T wide)

Pin Usage
Pin Signal
1 Ext clock input, B
2 Ext clock input, A
6 Cable shield input
3,7,8 Gnd
4 Node clock output, B
5 Node clock output, A
9 Cable shield output
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2.7 XCG Cross-connection and Control Unit

2.7.1 General

The XCG isahighly integrated 5T wide unit combining the main functions of an SCU control unit and
an SXU-A cross-connect unit. Additionally, a G703-75-4CH or a G703-120-4CH interface module can
be installed on the XCG base unit. XCG has a cross-connection capacity of 64 Mbit/s. It cross-connects
n X 64 kbit/s XB-channels with possible signalling (XD-channels) aswell asalimited number of nx 8
kbit/s XB-channels. XCG is designed to operate as a part of DXX-network and can be controlled with
Ericsson Network Management System.

There are four G.703 2048 kbit/s E1 interfaces, synchronization input and output as well as Service
Computer interface in the front panel of the unit. XCG consists of two cards, one XCG 525 base unit
which contains control processor and cross-connection features and another GDH 521/522 containing E1
interfaces (IF1-1F4) and synchronizationinterfaces. Interfaces 1 and 2 can beusedin 1 + 1 protected mode
and they support full DXX trunk interface featuresincluding management viaHDL C channel in any time
dotsor inthe TSO sparehits. Interfaces 3 and 4 do not support management HDL C channel and can only
be used as user access point (UAP). IF1 and | F2 can also be used as UAP. All four interfaces can be used
in framed or unframed mode. T he frame structure of the interfacesis according to CCITT G.704. For
more information about G703-75-4CH and G703-120-4CH interfaces see .

XCG consists of a base unit (XCG 525) and modules:

— PDF 202 (-48 V) or PDF 209 (+24 V) power supply module

— SMZ 538 unit software module

— G.703/G.704 (75 W) unbalanced interface module (GDH 521) or
— G.703/G.704 (120 W) balanced interface module (GDH 522)

XCG unit hasmodular structure. The XCG unit needs to operate one piggy-back power supply unit PDF
202 or PDF 209. The width of the unit is5T or one card dot in DXX subrack. Card dot 8 in Midi Node
isreserved for the XCG unit.

Starting from the upper edge of the front panel of the unit (G703-75 or 120-4CH equipped), therearetwo
alarm LEDs, Service Computer connector, two G.703 interfaces, SY NC input/output connectors and
again two G.703 interfaces. In the back of the unit there aretwo 2 x 32 pin eurocard (DIN 41612)
connectors. The upper euro connector isused in transmitting the LOCAL VTP bus signal s, equipment
alarm output signals, 5 V power to the businterface circuits and test input/output signals. The lower
connector isused in transmitting the cross-connect bussignals, the5 V power to the businterface circuits
and the battery bus. The power supply module is mounted on the base unit.
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2.7.2 XCG Operation

2.7.2.1 XCG Block Diagram

The XCG unit takes care of subrack data and timing signals, 16896 kHz main clock of node, frame and
multiframe synchronization signals. The external clock reference signal for the main clock can also be
connected from any |F unit in the subrack as well asfrom the SY NC interface. Onelocal VTP channel,
subrack alarm output signals(PMA, DMA, MEI), nodeinventory management, storing parametersfor all
I F-units - excluding GMU and FRU units - in subrack and event reporting to the NMS are main
responsibilities of XCG unit. XCG cannot be protected.

The functional block diagram is presented in the following figure. The common functional blocks are:

— Cross-connect block

— Microprocessor block for control functions

— Power supply PDF 202 or PDF 209

— Interface module G703-75-4CH or G703-120-4CH

The microprocessor block, the cross-connect block, and the data interface to subrack are located on the
XCG 525 board, which isthe main board of the unit. The channel interfaces and the sync-interface are
located on the interface module.

BASIC CARD OF XCG
G-INTERFACE MODULE 75/120W S_
U
TTL
SYNC XCONN BLOCK f—TIMING |8
R
A
A C
IF1 K
< FOUR
o CHANNEL ! XCONBUS |
< G.703 <—>G'704' N
IF3 INTERFACE FRAMING yP BUS T
E
JF4 HDLC (VTP) |R
F
¢ c
| EEPROM | | HDLC |1_>
ALARMS E
le
= PROCESSOR la |
Y BLOCK
+5V < U BAT
+12V <
A0V« bC
v

SC-INTERFACE LEDS

A2F0018A.WMF

Fig. 31: 25 Functional Block Diagram
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2.7.2.2 Cross-Connect Block
The cross-connect block has the following main functions:

— cross-connection of data channels

— control of the cross-connect bus

— unit's master clock oscillator

— interface for external clock 1/0O

— selection of areference signal for the master clock oscillator
— selection of a clock signal for the external clock output

The cross-connection is done in the switching matrix of the cross-connect block. The cross-connection
bus contains 1056 cross-connectable time dots (8-bit bytes). The bits from the interface blocks are
collected by using this bus. The cross-connect switch combines the needed new bytes for the interfaces
by using 8 kbit/sgranularity. Usually, wholetime dots or bytesare cross-connected. The delay caused by
the cross-connection is one 8 kHz frame (125 rs).

PLLL 16M
16896 kHz
I
ADDR X-CONN.MATRIX 0
DATA 64 KBIT/S DR
DATA DR
MEM X-BUS
DT IF. DT
ADDR. 8+0.5 K 8+0.5K
MEM 16M 16M
Al
uP
PORT = SYBL2
ADDR| SYNC BUS
VEM l IF. 4 x SYNC
from IFs
X-CONN.MATRIX 1 =
CONTROL
DATA 8 KBIT/S [~
MEM 0.5 KBIT/S
AU, ID
=N
4EN%
ADDR|
MEM
HDLC MIE
AUX
ﬁAIEIADAR. +5V
PLL2 < +12V |
8192 kHz .
~_-10V|

A2F0014A. WMF

Fig. 32: The Block Diagram of XCONN block
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The X-connect block exchanges data with IFs or IF-units by placing a channel address on the cross-
connection bus, which activates data buffers of the corresponding channel. Rx & Tx data are carried on
separate 8-bit buses.

The X-connect block supplies 16.896 Mhz master clock signal to the interface module and subrack. The
Master clock isused to clock the bus operations and to create the correct frequencies for the transmitted
signals.

XCG contains two cross-connect matrices (XCM) each handling distinctive connection types. XCG’s
software assigns tasks to the correct XCM.

Both XCMsenter the signal coming from the DR-businto a buffer memory. Either of the XCMs outputs
an octet in each cross-connected TSB to the DT-bus.

The cross-connect capacity of XCG is:
— 1043 x 64 (66 752) khbit/s of n x 64 kbit/s (octet) connections (total capacity).

Out of thetotal capacity can be allocated:
— 32 x 64 (2048) kbit/sto n x 0.5 khit/s (channel associated signalling) connections and
— 95 x 64 (6080) kbit/sto n x 8 khit/s (bit) connections

When cal culating the capacity of a connection, add both ends of the connection to the capacity
reguirement.

Cross-Connect Matrix 0
XCMO connects all n x 64 kbit/s XB-channels (fully non-blocking).

The DR-bus data iswritten into the buffer memory, which istwo frameslong, using an address from the
frame counter. Data isread from the buffer with an address, which itself is read from a cross-connect
address memory. The unit processor writes this cross-connect address when cross-connections are
created.

In each cross-connected tsB a port address and a possible ts-address (framed interfaces) are read from a
port address memory. The addressis repeated in every frame. Several slow speed accessinterfacesin the
same | F-unit can share a bustime dot, for example eight 8 kbit/s ports one tsB (subrate accessinterfaces
at max. 4.8 khit/s using a port rate of 8 khit/s).

A number of ports can share an XD-time sot by using the same port address and activating themselves
inonly part of the frames.

XCMO contains frame- and multiframe counters, which supply the X-bustiming. The frame- and
multiframe counters of the XCM 1 synchronize to the XCMO.
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Cross-Connect Matrix 1

XCM1 provides n x 0.5 kbit/s XD-channel and n x 8 kbit/s XB-channel connections. Both types are
connected bit-by-bit. Total capacity is 127 time sots (ts) per frame (8128 kbit/s).

Between 0 and 2048 kbit/s can be used for XD-channels (fully non-blocking). In XD-time dots the DR-
bus signal iswritten into a two multiframes long buffer memory.

The maximum capacity for n x 8 kbit/s XB-channelsis 95 ts per frame (6080 kbit/s). All portsin a node
with XCG should belocked as uneven ports. Otherwise there may be blocking in the n x 8 kbit/s capacity.

XCM1 produces one cross-connected byte in every eighth tsB during the frame and transfers the byte
temporarily into an internal buffer. All bitsin a byte are processed even if some bits are not cross-
connected (they are set to idle state '1"). Bytes are read from the internal buffer to the X-bus using
addresses from an auxiliary address memory. XD-bytes are read from the buffer in tsB 528 to 559.

2.7.2.3 Microprocessor Block

The control microprocessor block contains the following functional units:
— Microprocessor

— Memory

— HDLC channel

—  A/D conversion

— Service Computer Interface

Mcroprocessor

The unit is controlled with a 16-bit microprocessor. The processor has access to the cross-connect
matrices and the cross-connect memories without interfering with the existing connections. A watchdog
monitorsthe operation of the processor.T he system program is stored on the board in two interchangeable
EPROM memories. The application programs are stored in non-volatile FLASH memories; it isthus
possible to update these programs from NMS. The non-volatile memory is also used to store the unit's
operating parameters, the unit serial number, cross connection data info, port parameters and the
parametersof all IF unitsin the node. In the case of a power interruption the unit isautomatically reset to
the conditions prevailing before the interruption, without specific parameterization. The RAM memory
of the processor operates as a working storage containing e.g. error counters and data buffersfor the
HDLC links and the frame control bus. The microprocessor supports system-level testing.

Memory

The 512 kbyte non-volatile memory is for saving cross-connection data and port parameters as well as
program code. Cross-connections can be repeatedly deleted and entered without capacity overflow. The
core of the program code is stored in an EPROM. Memory isimplemented with surface mount
components.

— 256 kBytesRAM
— 512 kBytes Flash memory
— 256 kBytes of EPROM
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HDLC Channel

The XCG unit processor linksto the subrack control busvia an HDLC-controller. The XCG stores cross-
connection commandsand port parametersof | F-unitsin anon-volatile memory. Theunit restoresits state
should a power loss occur.

A/D Converter

The unit includes a multichannel anal og-to-digital converter (ADC) which monitors the operating
voltages, auxiliary voltages 1 and 2 of subrack and control voltage of the master oscillator.

Service Computer Interface

The XCG unit has a single asynchronous serial channel. Thisinterface is used on service computer
connection (CNF1). The baud rate of the UART is 9600.

2.7.2.4 Power Supply

The unit receives its operating voltage from the power supply module. There are two models of power
supply available, PDF 202 for -48 V battery input and PDF 209 for +24 V battery input. The modules can
be replaced as a whole and plugged into the unit with connectors. The module is fixed with screwsin a
place reserved for it on the unit. The battery voltage which is used as supply voltage for the power supply
moduleis connected from the DXX-bus through the bus connector. The modul e provides the operating
voltages +5V, +12V and -10V. The module also receives a +5V bus voltage, which during start-up
conditionsissupplied to the interface circuits connected to the bus. The operating voltage +5V of the unit
ismonitored with areset circuit and a low operating voltage resultsin unit reset. All operating voltages
aswell asthe +5V bus voltage are monitored by measuring them with an A/D converter. An alarmis
generated if a voltage exceedsits limits.

2.7.2.5Interface Module

Four-channel G.703 interface module isintended to be used with a XCG base unit. There are two
alternatives of the unit, one for a 75 Wunbalanced interface, G703-75-4CH and ancther for a120 W

bal anced interface, G703-120-4CH. The modules include four independent E1 transmission channelsto
carry data and also to provide an internal communication link of the DXX system. The function of the
moduleisto convert signals received by XCG base unit of a DXX node so that they comply with G.703
specificationsand other relevant recommendati ons concerning the el ectrical interface towards equi pment
outside the DXX network. The G703 module also converts signals from other equipment into signals
acceptable to the DXX network. Transmission channel interfaces are independent of each other. The
frame structureisin accordance with G.704 for 2048 kbit/s. Two interfaces can be used for DXX trunk
connectionswith a1+1 protection possibility and all four interfaces can be used asuser access points. See
chapter G703-75/120-4CH Interface Module for details.
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2.7.2.6 Internal Buses

Cross-Connect Bus Structure

Cross-connect busfunctionsare al so monitored by theinterface units. When theinterfaceis synchronized
and the corresponding cross-connection is made, the unit will activate the |A Activity Missing alarm, if
it cannot receive its channel address from the bus. The interfaces monitor the combined information
formed by the bus clock and multiframe synchronization signal; if thisinformation is missing the
interface unit will activate the Bus Sync Missing alarm.

XCG iscontinuously testing the XCON bus by transmitting test patternsin TS 1053.

The cross-connect bus covers unit positions 2 to 8 in the Midi Node.

‘ ‘ NODE ACCESS PORT;

IF UNIT IF UNIT XCG

PORT A PORT B

DATATO XCG (DR) A 8

DATA FROM XCG (DT)
BUS ADDRESS (Al)
BUS TIMING

A2F0015A.WMF

Fig. 33: X-Bus Sgnals

The X-bus operates synchronously. Interface units (IF-units) adjust mesochronous or plesiochronous
access port signalsinto the X-bus by bit buffering. IF-units with a frame structure also buffer the frame
(multiframe) phases.

XCG suppliesthe bus clock (16896 kHz), frame timing (8 kHz) and multiframetiming (0.5 kHz). XCG
generates a port address for each cross-connected bustime slot. A port exchanges a data byte with XCG
when the port recognizes its address. Ports with a frame structure receive the frame time slot number
explicitly.
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1 FRAME (125 us)
TSB |01 528 ... 559 XD-CHANNELS 105\3 1055
H H—H I H
7
6
’_H» Frame sync; 8 kHz( TSB 1052) 5
AN - 4| BITm = 8 kbit/s
Multiframe sync; every 16'th frame (frame 15) TSBn = 64 kbit/s 3
1
0
BIT
TSB USE NUMBER OF TSBs
0,1 BUS TEST 2
2TO9 UNUSED 8
10 TO 527 XB-CHANNELS 518
528 TO 559 XD-CHANNELS 0TO 32
560 TO 1052 XB-CHANNELS 493
1053 TO 1055 BUS TEST 3 TSB = BUS TIMESLOT

A2F0019A.WMF

Fig. 34: Logical Structure of the X-Bus

The X-bus frameis divided into 1056 bustime dots (tsB) numbered from 0 to 1055. Each tsB hasa
capacity of 64 kbit/s. Each of the eight bitsin atsB can be considered as a separate 8 kbit/s channel. Up
to 32 tsBscan be further multiplexed by the 16 frameslong multiframe for X D-channel cross-connection.
The XD-time dots are cross-connected bit-by-bit creating n x 0.5 kbit/s channels.

Fivetime dots are reserved for node monitoring. The remaining 1051 bus time dots are reserved for
Cross-connection of user data.

X-BusAllocation

X-bus capacity is allocated by the XCG software based on selected port parameters. Ports are classified
as even and uneven ports. XCG supports uneven allocation. 2048 kbit/s ports get an uneven allocation if
receive buffer is4 or 8 frames. An uneven port does not reserve tsBsfor XB-channels until thetime dots
are cross-connected. A possible XD-time dot isreserved when the port islocked. More than 32 uneven
2048 kbit/s ports can be accommodated in a node, if part of the time dots are not cross-connected and if
the signalling capacity is not limiting.
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2.7.2.7 An Example of the Signal Cross-Connection Procedure

64 kbit/s XB-Signal Connection

The following sequence detail s the procedure when XCG cross-connects a byte between two 64 kbit/s
ports. Fig. 33 shows the data path in the direction from port A to port B (dashed line).

When the operator locks the port parameters the port is automatically allocated one tsB. The operator
creates a cross-connection between the two ports.

In each bus frame for ports A and B:

XCG outputs the port's address on the address bus

XCG reads a cross-connect address from an address memory and using the address reads a data
byte from the data memory

The port and the XCG exchange a data byte
XCG writesthe byte it received into a data memory

The port sendsthe byte it received to the accessinterface. The delay of XB-channelsin the XCG
isoneframe (125 rs). Thetotal delay through anode also includesthe buffer delaysin the lF-units.

FRAME n FRAME n+1

TSBi TSB; TSBi TSB;

ADDRESS
BUS

— ZZ — 2?

A A

PORT A
TSBi+2

PORT A PORT B

DATABUSTO
CONTROL UNIT

TSBj+2

%5

2\

DATABUSFROM
CONTROL UNIT

N
\»f——-\i@~ ~~~~~~~~~ ¥7<l/
Ti+2 Ts+2 Tsz Tsz
— 7 . — | — 0 — 7 —

A2F0008A.WMF

Fig. 35: Data Byte Exchange on the X-Bus

8 kbit/s XB-Signal Connection

The data exchange on the X-busis similar to that of the 64 kbit/ssignal. A whole byte is always
transferred. XCG assembl es the byte bit-by-bit during eight consecutive time dots. Bits, which have not
been cross-connected, are set to idle state '1'. Signal delay is one frame within the XCG.

0.5 kbit/s XD-Signal Connection

The procedureis similar to the 8 kbit/s connection, but here the multiframe structure is employed. The
delay in the XCG is one multiframe (2 ms).
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X-BusInterface

XCG suppliesthe C16M bus clock through the X-bus. The C16M clock is also the central clock of the
subrack: it is used to create clock frequencies for the transmitted signals. The bus supplies frame
alignment and multiframe alignment signalsto the frame buffers.

XCG exchanges data with the interface units by placing a channel address on the X-bus which activates
the data buffers of the corresponding channel. Received and transmitted data is carried on separate 8-bit
wide buses. From the XCG the base units receive the time slot address which directs the bus data
transmission to one selected time dot at atime.

M ux/Demux

Indigital datatransmissionit is possible to combine several data transmission channelsand to send them
on the same transmission line by using frame structures. The frames consist of frame alignment signals
sent at regular intervals and data channelslocated at predefined positions between the alignment signals.
The frame alignment signal consists of a defined bit pattern, which the receiver will search for in the
received serial data flow. When the receiver findsit, the frame alignment signal is synchronized and,
therefore, able to extract the payload data channels and to map them into desired locations. The frame
alignment signals repeated at regular intervals divide the transmitted data into frames which have a
defined structure for each transmission speed. In the DXX system the frame repetition frequency is
always 8 kHz so that frames of different length, i.e. frames contai ning a different number of bits, must be
used for different transmission speeds. A multiframe is created when several consecutive frames are
combined into a frame structure by using a second frame alignment signal which is repeated at a lower
frequency. For instance, signalling istransmitted in amultiframe structure containing 16 frames repeated
at afrequency of 500 Hz.

A more reliable receiver synchronization is achieved when a CRC check sum is added to the frame
structure. Then it isalso possible to monitor the quality of the transmission. The CRC check ismadein
the transmitting end by dividing the binary value of a data block of a fixed length with a defined number.
Thedivision remainder istransmitted in a frame to the receiver, which then performs a corresponding
calculation and compares the result with the result received from the line. The transmission of the data
block has no errorswhen theresultsare equal. If thereisadifferencein the results, then the received data
block contains one or more errors. The CRC check can be made for a data block of one frame, or
alternatively, the CRC check is made for a data block consisting of several frames which then form a
multiframe structure.

The CRC check sumis used to check the reliability of the synchronization by counting how many error-
containing blocks are received within a defined number of consecutive blocks. If the number of faulty
blocks exceeds the probability value, thereis a great probability that the receiver is synchronized to a
wrong position of theframe, i.e. the receiver has made an error in the frame alignment. Then the receiver
isforced to make a new search for the frame synchronization word and to abandon the so called
simulating frame synchronization word.

The transmission quality is measured as the error rate by counting the number of received faulty blocks
within agiven number of blocks. The CRC check sum method isfeasible when thetransmission error rate
isso low that there is maximum one transmission error on the average in a checked block.

Theinternal communication of the DXX network isbased on HDL C channels which are added to the
framed signals. The unit processor can transmit and receive messages to/from other nodes with a two-
channel HDL C controller connected to both framed interfaces of the unit. Usually the messages are sent
via the control bus to the other units where they are processed or through which they are sent to other
nodes. The transmission speed of the HDL C channels can be selected within the limits of 4 kbit/sto 64
khbit/s, depending on the requirements and the avail able transmission capacity.
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In addition to the frame synchronization words and the transmitted data channels, the frame structures
also include some bits for which the recommendations have not specified any function or which are not
used in the application in question. These hits can then be used for the internal information transmission
of the system. A system or organisation can also specify the use of these bitsfor someinternal functions.
Inthe DXX system the function of these special bitsis defined through the user interfaces.

The frame structures are described in Appendices.

2.7.2.8VTP Control Bus

The XCG unit has an interface for internal VTP control bus. The VTP busisused for communication
between the units within one subrack. The busis synchronous serial high-speed local area network with
data and clock lines and interface circuits. The bit rate of thelocal VTP busis2 Mbit/s.

VTP isan abbreviation from the words Virtual Token Protocol which is a collision-free media access
method based on the token passing principleimplemented by the aid of timers. Thelogical link control is
based on LL C3 protocol in both buses. The upper layer protocol s are the same as the those of the external
management interfaces of DXX nodes. Thelocal VTP bus supports unit addresses 1% 31.

2.7.2.9 Node Clock System

Themain oscillator (PLL1) runsat a frequency of 16896 kHz. Accuracy in internal timing modeis+ 30
ppm over the operating temperature range. For jitter and wander specifications, see Chapter 2.7.5. The
main oscillator can be locked to an external source or to the received clock of an access interface. Two
synchronization buses are provided for transferring clocksto the XCG.
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3
L
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Fig. 36: Node Clock System
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Auxiliary Oscillator

An auxiliary oscillator (PLL2) islocked to the PLL1 providing frequencies in the 2048 kbit/s hierarchy
for the clock output interface. Frequency of oscillationis 8192 kHz. PLL2 also suppliesthe 2048 kHz
clock used for connection to the subrack control bus VTP and Tx-clock for GDH IFs.

Fallback List

InaDXX network trunk linesand the XCG’ sexternal clock interface are normally used to transfer timing
to the node. While the node clock can be synchronized from interfaces at lower rates (n x 64 kbit/s), it
should be noted that synchronization from 2 Mbit/s and 8 Mbit/s signals resultsin better controlled
wander properties.

The operator selectsin the Master Clock-menu of the Node-window portsfor thefallback list and assigns
their priority. Up to five ports can be entered. The XCG selectsthe highest priority port with anon-alarm
status as the input to the main oscillator.

Clock Monitoring and Alarms

XCG monitorsthe clock selected and al so the next choice on the fallback list. The external clock is
monitored when enabled.

Fallback list clocks are also monitored by the interface units. By amajor fault in a port'srx-signal, the | F-
unit clampsthe clock (on SYNC BUS 1/2) and sends a clock status message to the XCG. XCG's
monitoring circuit opens the phase-locked-loop maintaining the clock frequency until the processor
selects another clock. Internal timing isselected if all clocks on the fallback list have failed.

2 Mbit/sinterfaceswith aframe structure can employ a dedicated bit in the frame asaclock far end alarm
bit (FEA). It isused on trunks transferring timing between nodes. If an intermediate node in a network
loses its synchronization, the alarm bit istransmitted from all itsinterfaces. The receiving node’ s | F-unit
then clamps the clock on sync bus 1/2.

After afault is cleared the IF-unit gradually clearsthe clock status. The operator can enter a clock
acceptance time in the Master Clock-menu. A clock is not selected again until its status has been good
over the acceptance time.

XCG supervisesthat the PLL1 islocked to the clock source. A phase-locked-loop alarm is generated if
the source frequency isout of rangeor if it containsjitter more than specified in Technical Specifications.

Clock Output Interface

Node clock output isprovided at the external interfacein the XCG interface module (G703-75/120-4CH).
The output is activated and its frequency selected from the Master clock window. The output control
function, when set to on state, disables the output when the XCG isin internal timing or locked to the
external interface. When output control is off, clock output is active regardiess of the fallback list state.
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2.7.2.10 Clock FaultsMonitored in the XCG

Fault description Status Led Alarm message

All but one clock on fallback list have failed MEI - Fallback list warning

All clocks on fallback list have failed MEI - Loss of master clock locking
External clock on fallback list and missing MEI Red Loss of external clock
External clock on fallback list,

clock interface disabled PMA - External clock warning
Locking to a clock failed PMA Red Phase-locked-loop alarm
Main oscillator fault in XCG PMA Red X-connect RAM fault

Clock far end alarm (individual for each link) MEI Ye Clock far end alarm

If the node clock supplied by the XCG should fail, the GMH/GCH-units transmit an independent clock
with a basic frequency tolerance to output ports. Node clock alarm is generated by the IF-units.

2.7.2.11 Node L evel Operations

The software of the XCG takes care of the following node-level operations:
— Node Inventory Management

— Backup of unit settings

— Rack alarm (PMA, DMA, MEI) control

— Event reporting to the Network Management System

— Channel test loops

Node Inventory M anagement

The Node Inventory Management software includes functions to get and set node and subrack
identifications, to create and delete inventory, to add and remove units, to get inventory reports and to
monitor the presence of registered or unregistered units. The Create I nventory operationisused to register
all existing unitsfor the inventory. The Add Unit operation is used to register a given unit for the
inventory. The Delete Inventory makesall unitsunregistered - in other words, all units are removed from
the inventory. The Remove Unit operation is used to remove a given unit from the inventory.

The Inventory Report provides the node and subrack identification data and the list of existing or
registered units. Thelnstallation Error fault condition isdetected if the inventory dataisnot unambiguous
and consistent. The Missing Unit fault condition is detected if a registered unit is not present. The Extra
Unit fault condition is detected if thereis an unregistered unit present in the subrack.

Backup of Unit Settings

The XCG unit stores the backup settings of all registered units for possible unit replacements excluding
GMU and FRU units. A new replacement unit will inherit the backup settings of the unit registered for
the unit slot. The checking of compatibility of settingsis based on hardware and software types.

The backup settings are updated to the XCG unit when a unit isregistered or when the settings of the unit
have been changed. The backup settings are copied from the XCG unit when aregistered unit isreplaced
by another compatible unit.

Rack Alarm Control

The XCG unit controls the three LEDs and the corresponding relay outputs for the equipment alarms
(PMA, DMA, MEI) of asubrack. Therack alarm LEDs and the corresponding relay outputs are located
in the PFU or PAU units. Therack alarms, PMA, DMA, MEI, are given if any unit in the subrack hasan
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active fault condition which requires the corresponding alarm as a consequent action. The XCG unit
collects PMAs, DMAs and MEls from the units of the subrack and sums them separately for each rack
aarm.

CPU
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BOARD
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Fig. 37: Rack Alarm Control

Rack alarms can be delayed. The rack alarm delay can be set (0¥ 600 seconds) by the user. A summed
alarm must be active at least for the set delay time - not necessarily continuously - before the rack alarm
isactivated in PFU or PAU. Therack alarm will be passivated in PFU or PAU when the summed alarm
has been continuoudy passive for at least the set delay time.

Therack alarm PMA and DMA can be cancelled. Therack alarm cancellation isnot delayed. When PMA
and DMA have been cancelled, MEI is activated as a reminder.

Event Reporting to Network M anagement System

The XCG unit does not only supervise the registered units of the subrack for the rack alarms but also to
support subrack-level status polling from the centralized Network Management System aswell. The node
state report contains the status of the subracks which are not in the normal state.

The subrack state report contains the status of the units which are not in the normal state. For example,
all changesin fault conditions and configuration areindicated for all units. Thesereportsmakeit possible
to get detailed information from the correct units for different purposes.

While the subrack state report is created, the route to the polling DXX server is updated to the local
routing table of the XCG unit from the invoke message. Thisroute can be used to send spontaneous event
reportsto the DXX Server. Theunit reporting modul es can send event reportsto thelocal XCG unit which
then sendsthemto the DXX Server. The most important application isthereporting of trunk fault changes
in the trunk recovery management.

2.7.2.12 Interface Unit and M odule Combinations

Midi Node can be equipped with several interface units which are used for external trunk and channel
connections. These are appli cati on-specific depending on the trunk and channel requirements. Depending
on the use of common units (control and cross-connection units and power units) and the redundancy
reguirements of the application, there are 4 to 6 interface unit sots available in a Midi Node Subrack
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RXS-S8. Node capacity is not determined solely on physical space, but memory and processor capacity

must also be considered. The maximum cross-connect capacity of one Midi Nodeis 64 Mbit/s. This

meansthat thetotal amount of bandwidth for the interface ports within one node cannot exceed 64 Mbit/s.

Interface units are used for line and user interfaces. Units are designed as single, double, or triple width
cards, depending on their functionality. The actual DXX trunk and channel interfaces are defined by the
interface modul e that resides as a subassembly on the base unit. Different kinds of interface modules can

be mounted on the same base unit.

An XCG Multifunction unit equipped with G703-75/120-4CH interface module is an interface unit as

well as a control and cross-connection unit for the whole Midi Node. Other available interface unit and
module combinations for usein a Midi Node are listed below.

Interface Unit and M odule Combinations

Interface Units

Modules

XCG

GMM

VMM |GMH

GCH-

VCM-
5T

VCM-
10T

CAE

AlU
1.1

AlU
1.4

G703-75/120-4CH

T1

X21-G704-S

V35-G704-BS

V36-G704

G703-75

G703-120

G703-8M

OTE-LP

OTE-LED

LTE

BTE-4096

BTE-2048

BTE-2048-2W

BTE-1088

BTE-384

BTE-64

V24-DCE

V24-DCE-PMP

V24-DTE

V35-EC

X21

G703-64

V35

V36

PCM-10VF

ADPCM-10VF
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Interface Units

Modules XCG |GMM |VMM |GMH |GCH- |VCM-|VCM-|CAE |AIU JAIU
A 5T 10T 1:1 1:4

EM-2*10 X

STM-1-10-13 X X

In addition, the following interface units are available for Midi Node, but they contain no separate

interface modules:

— IUM-5T
— IUM-10T

— ISD-LT/ISD-NT

— CCS-PCM
— CCO-PCM

— CCS-ADPCM
— CCO-ADPCM

Moreover, there are three server units which can be used in a Midi Node:

— ECS
— EPS
— EAE
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2.7.2.13 G703-75/120-4CH Interface M odule

General

Four channel G.703 interface moduleisintended to be used with XCG base unit. There are two
alternatives of the unit: one for a 75 ohm unbalanced interface, G703-75-4CH and another for 2120 W
balanced interface, G703-120-4CH. The modulesinclude four independent E1 transmission channelsto
carry data and also to provide an internal communication link of the DXX system. The function of the
moduleisto convert signals received by XCG base unit of a DXX node so that they comply with G.703
specificationsand other relevant recommendati ons concerning the el ectrical interface towards equi pment
outside the DXX network. The G703 module also converts signals from other equipment into signals
acceptable to the DXX network. Transmission channel interfaces are independent of each other. The
frame structureisin accordance with G.704 for 2048 kbit/s. Two interfaces can be used for DXX trunk
connections with 1+1 protection possibility and all four interfaces can be used as user access points.

Interface M odule Operation
M echanical Design
The mechanical design of the four-channel G.703 interface moduleisbased on the standard DXX system

mechanics. The module can be installed to an XCG base unit.

Operating voltageis fed to the module from the base unit through the same connectors that are used for
signalsfor the control microprocessor bus and for the data transmission processing.

Power Supply

A modul e receivesits operating voltage from the base module. The modul e requiresthe operating voltage
of +5V.
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Fig. 38: Functional Block Diagram for one channel of the G703-75/120-4CH module
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Control Processor bus

Theinterface moduleiscontrolled with a microprocessor located on the base unit. A non-volatile memory
on the base unit is used to store the modul €'s operating parameters so that in the case of a power
interruption the moduleisautomatically reset to the conditions prevailing before the interruption, without

specific parameterization. EEPROM that islocated on the module carriesthe serial number of the module,
HW-version and module ID.
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LineInterfaces
The four channel module is connected to a transmission line through interface circuitry. The block
contains the analog components required for the E1 interface.

In the receiving direction the interface modul e regenerates the coded signal received from the
transmission line and transforms the signal to the digital level. The module monitorsthe level of the
received signal; if it istoo low or completely missing, the module setsan AlS signal to the base unit and
at the sametimeit activatesamissing signal alarm through the processor bus. The behaviour isaccording
to G.775.

Because the line interface provided by this module fully complieswith all relevant recommendations, a
compl ete specification of thisinterfaceis given under Technical Specifications only. The following
briefly describes the line interface circuit design of the G703-75/120-4CH module.

X-BUS
RD1 — ﬁ’:ATA%j DR
@ > HDB3- FRAME |
] [ REC. DECODER
‘ RD2 CO <& DEMUX
RCK
RX RX BUFF 1 C16M
LINE
-, RCK

A1FO008A.WMF

Fig. 39: Data and Clock Processing in the Receiving Direction

Thereceiving direction clock which isrecovered from the data in the interface module is used to decode
the line code and to demultiplex the frame. If there is no received signal, the interface modul e replaces
the received clock with the transmitted clock.

Thereceived clock from any of the four channels on the interface module can be connected to the two
SY B buses on the base unit to be used as the node synchronization signal. The clock to the SYB-busis
disconnected if thereisareceived signal failure.

The module generates the frame structure and the G.703 line code for the data in the transmitting
direction. The transmitting direction 2.048 MHz clock and C16M node clock received from XCG are
phase-locked to each other.

In the Receive direction the line transceiver regenerates CMOS level RD1, RD2 and RCK from analog
Rx signal. The input transformer together with resistors match the line impedance and amplitude for the
line transceiver circuit. Diode limiters protect against overvoltage.
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Fig. 40: Transmitting Direction Clock and Data Generation at 2048 kbit/s

Thetransmitting direction clock for 2048 kbit/sis generated by the crystal oscillator of the base unit. The
oscillator islocked to the C16M clock of the bus, which is used to create the frame and to generate the
output pulsesin the coder.

In the transmit direction the CMOS level HI-active positive and negative pulses are fed to the line
transceiver which produces pul se shape according to G.703 recommendation together with the line
transformer and resistors. Output impedance matching to the line is also accomplished with the
transformer and resistors. Diode limiters protect against overvoltage.

Clock Interfaces

An input interface for an external clock and an output interface for the node clock are provided. The
interfaces comply with the ITU-T rec. G.703 § 10. Connectorsthat are the same type as the interface
connectors are located in the front panel. For interface specifications see Chapter 2.7.5.
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Functional Structure
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Fig. 41: Functional Structure of G703-75-4CH and G703-120-4CH modules

Themain functional blocks of the G703-75-4CH and G703-120-4CH modulesinclude lineinterfacesfor
four channels, channel frame multiplexer and demultiplexer circuits, channel output and input buffers,
and an X-businterface common for all channels.

The processor on the base module controls and monitors the functions of the interface module.
Information related to control and monitoring istransmitted on aninternal control busof the subrack from
the base unit. Through thiscontrol busthe base unit can communicate with other unitsin the subrack. The
processor generates HDL C messages and processes HDL C messages received from framed interfaces.

The data transmission channel interfaces convert analog G.703 line signalsto/from signal s suited for the
modul€e's digital circuits. In the receiving direction a signal attenuated by the transmission lineis
regenerated and the clock signal isrecovered. The payload signal and the clock signal are transformed to
alevel suitable for the digital logic. Thelineinterfaces are realized at the same printed circuit board.
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The framed signal which is carried on the transmission line is assembled and disassembled in the Tx-
frame and Rx-frame blocks of each channel. In the transmitting direction the Tx-frame block creates a
signal by mapping data from the X-businto correct time s ots, adding frame alignment signal bitsand the
CRC check sum, and by generating the HDL C channel at a required position within the frame, with the
aid of the processor. Line transceiver converts digital Tx signal to analog signal at the lineinterface. In
the receiving direction the line interface block converts analog signal to adigital signal. The Rx-frame
block searchesthe received signal for the frame synchronization word. When the synchronization is
found, the Rx-frame block can extract the data transmission time dots, check the CRC check sum, and
recover and supply the HDL C channel to the processor. The frame structure isin accordance with G.704
/ 2048 kbit/s. If required, it is also possible to remove the framing and have the channel to operatein a
transparent mode.

Thetransmit buffers of the channels are used to store data received from the cross-connect through the
X-bus, so that thereis always a time dot available for transmit by the Tx-frame block. The transmit
buffers al so synchronize the phase of the transmitted frame with the phase of the X-busand stuff idle data
in unused time dlots of the frame.

The receiving buffers of the channels store incoming data so that the required time slots are always
available to the cross-connect module. These buffers also form a flexible buffer in order to compensate
for minor momentary speed differences between the X-bus and the received signal. The length of the
receiving buffers can be changed in accordance with the application’'s requirements. For instance, in some
cases a minimum connection delay isrequired, and in plesiochronous operation slips are desired to occur
as seldom as possible.

The X-bus interface transfers signals from the X-bus to the channels, timing signals and control
information to the module, and correspondingly it transfers data and monitoring information from the
channels to the X-bus.

X-BusInterface

The base unit suppliesthe C16M clock for the interface module. The incoming C16M clock is also the
central clock of the subrack: it isused to create clock frequencies for the transmitted signals. The base
unit supplies frame alignment and multiframe alignment signals to the frame buffers.

The cross-connect unit exchanges data with the interface module by placing a channel address on the X-
bus. This activates the data buffers of the corresponding channel of the interface module. Received and
transmitted data is carried on separate 8-bit wide buses. Through the base unit the G703-75/120-4CH
modul e receives the time g ot address which directs the bus data transmission to one selected time dot at
atime.

Bus functions are monitored by the interface module. When the interface is synchronized and the
corresponding cross-connection ismade, the unit will activatethe |l A Activity Missing alarm, if it cannot
receiveitschannel addressfrom the bus. When a unit isinserted and connected to the subrack, it monitors
the combined information formed by the bus clock and multiframe synchronization signal; if this
information is missing the unit will activate the Bus Sync Missing alarm. The Bus Sync Missing alarm
inhibits the missing channel address alarm.
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M ux/Demux

Indigital datatransmissionit is possible to combine several data transmission channelsand to send them
on the same transmission line by using frame structures. The frames consist of frame alignment signals
sent at regular intervals and data channelslocated at predefined positions between the alignment signals.
The frame alignment signal consists of a defined bit pattern, which the receiver will search for in the
received serial data flow. When the receiver findsit, the frame alignment signal is synchronized and
therefore able to extract the payload data channels and to map them into desired locations. A multiframe
is created when several consecutive frames are combined into a frame structure by using a second frame
alignment signal which isrepeated at a lower frequency. For instance, signalling istransmitted in a
multiframe structure containing 16 frames repeated at a frequency of 500 Hz.

A more reliable receiver synchronization is achieved when a CRC check sum is added to the frame
structure. Then it is also possible to monitor the quality of the transmission. The CRC check ismadein
the transmitting end by dividing the binary value of a data block of a fixed length with a defined number.
Thedivision remainder istransmitted in a frame to the receiver, which then performs a corresponding
calculation and compares the result with the result received from the line. The transmission of the data
block hasno errorswhen the resultsare equal. If thereisadifferencein the results, then the received data
block contains one or more errors. The CRC check can be made for a data block of one frame, or
alternatively, the CRC check is made for a data block consisting of several frames which then form a
multiframe structure. The latter method is used by G703-75/120-4CH modules.

The CRC check sumis used to check the reliability of the synchronization by counting how many error
containing blocks are received within a defined number of consecutive blocks. If the number of faulty
blocks exceeds the probability value, thereis a great probability that the receiver is synchronized to a
wrong position of theframe, i.e. the receiver has made an error in the frame alignment. Then the receiver
isforced to make a new search for the frame synchronization word and to abandon the so called

simul ating frame synchronization word.

The transmission quality is measured as the error rate by counting the number of received faulty blocks
within agiven number of blocks. The CRC check sum method isfeasible when thetransmission error rate
isso low that there is maximum one transmission error on the average in a checked block.

Theinternal communication of the DXX network isbased on HDLC channels, which are added to the
framed signals. The base unit processor can transmit and receive messages to/from other nodes with a
HDLC controller connected to interfaces 1 and 2. Usually the messages are sent via the control busto the
other units where they are processed or through which they are sent to other nodes. The transmission
speed of the HDL C channels can be selected within the limits of 4 kbit/sto 64 kbit/s, depending on the
reguirements and the available transmission capacity. In the G703-75/120-4CH modulestheinterfaces 1
and 2 are equipped with HDL C channels.

In addition to the frame synchronization words and the transmitted data channels, the frame structures
also include some bits for which the recommendations have not specified any function or which are not
used in the application in question. These hits can then be used for the internal information transmission
of the system. A system or organisation can also specify the use of these bitsfor someinternal functions.
Inthe DXX system the function of these special bitsis defined through the user interfaces.

The frame structures are described in Appendices.
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Buffers

In the transmitting direction the buffer suppliestime dot data from the X-busto the frame to be
transmitted. When the cross-connect unit supplies data to the X-bus, it also adds information about the
location in the transmitted frame where the data is to be placed. The unit storesthe data in its transmit
buffer in a position corresponding to thetime dot's position in the frame. The frame multiplexing circuits
will fetch the data when they are transmitting the corresponding time slot. Asit is possible to write the
data from the busto any time dot position in the buffer, the buffer must control that write and read
operations do not simultaneoudly address the same time dot. In the G703-75/120-4CH modules the
transmit buffer length is set to two frames. Then the frame multiplexing block reads the first frame area
and the bus writesinto the second frame area. Thistransmit buffer arrangement causes a delay of one
frame or 125 s,

In the receiving direction the buffer supplies received time slot data from the demultiplexed frameto the
X-bus. When the XCG cross-connect block requests data from the interface modul e through the X-bus; it
also specifiesthe time s ot concerned. Usually, the phase of the received frame does not coincide with the
frame phase of the X-bus; on the other hand, the receiver writestime dot data into the Rx buffer clocked
by the received frame. Therefore the Rx buffer hasto control that the read and write operations do not
collide, in spite of speed fluctuationsand jitter. If the read and write addresses cometoo close, one of them
hasto be moved, i.e. centred. The allowed minimum distance between the read and write addresses
depends on the system requirements. In the interface modul e the centring is made by changing the read
address, the change being always one frame or amultiple of aframe. The centring causes a certain number
of framesto be lost or re-transmitted; the number is proportional to the distance which the read address
ismoved. Through the user interfaceit ispossibleto select four different lengthsfor the receiving buffer,
in order to meet different requirements, such asa minimum delay or the ability to tolerate large speed
fluctuations.

Centring is required when the equipment is powered up, when a received signal contains disturbances, or
when the transmission is plesiochronous. If a plesiochronous system constantly exhibits a frequency
differencein the samedirection, the buffer hasto be centred at regular intervals. Thelength of theinterval
depends on the frequency difference and on the distance from the centred read address position to the
position where a new centring occurs.

Operating M odes of Buffers

Rx Buffer Rx delay Tx length Tx delay
4 Fr 1¥43 Fr 2Fr 1Fr
8Fr 1¥47 Fr 2Fr 1Fr
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4 Fr Rx Buffer

READ POINTER
———~ BEFORE CENTRING

READ POINTER
BEFORE CENTRING

PH<1FR -~
PH<1FR o

/ FRAME 3 FRAM%
WR POINTER |, // g \
WR POINTER | ~ |/ | READ POINTER

FRAME 3 | FRAME O

‘AD POINTER

TER CENTRING \ N /‘“ AFTER CENTRI
@ME 2 | FRAME 1
\\\\74///
LINE SPEED < NODE SPEED LINE SPEED > NODE SPEED

AOF0006A.W\

Fig. 42: Centring in an Rx Buffer of Four Frames

The minimum allowed distance between the read and write addresses is one frame. The distanceis
checked at interval s of four frames when the read address movesto frame FrO (from theframe Fr3). If the
addressesaretoo close at the checking time, acentring isperformed by moving the read addressoneframe
further. The address jump direction depends on the direction from which the write addresswas closing in
on the read address. Centring means here that one frame is either lost or repeated once. In a
plesiochronous system with a four-frame Rx buffer the interval between centring situationsis: at 2048
kbit/s 256/df.
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Fig. 43: Centring in an Rx Buffer of Eight Frames

The allowed distance between read and write addresses in an Rx buffer of eight framesisoneframe. If a
shorter distance is detected by the check, then the read address is moved to a new position four frames
farther away. In this case centring means that four frames are either lost or repeated once. The eight
frames buffer retains the frame alternation also after the cross-connect, when a 2048 kbit/s framing
structureis used.

In a plesiochronous system the interval between centring situationsis: at 2048 kbit/s 1024/df

Multiframe Buffers

In the transmitting direction the signalling data is directed through the same buffer as the time sot data.
The signalling multiframe of the frame to be transmitted is synchronized to the multiframe clock of the
X-bus. The cross-connect unit supplies frame signalling data together with other time sl ot data of the
frame. The interface module generates a synchronization time slot in the first frame of the signalling
multiframe. Thusthe signalling data and time dot data have equal delaysin the transmitting direction.

In thereceiving direction the phase of the received signal multiframe usually differsfrom the phase of the
X-bus multiframe. Thus the received signalling data has to be buffered until the cross-connect unit
performs the cross-connect function for the concerned data.
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Multiframe Buffers

Frame buffer mode? | Multiframe buffer | MFr-Rx delay MFr-Tx delay
mod
4/, 8 frames 2 MFr 042 MFr 1Fr

a Thelength of aframeis125 .

b the multiframelengthis2 ms.

Thecentring istriggered if the distance between the received multiframe phase and the X-bus multiframe
phase is less than one frame. In a buffer with two multiframes the centring is made by moving the write
address one multiframe further, which means that the information of one multiframeislost or repeated.

In interface module and cross-connect unit the time dot data and signalling data have separate buffers.
Thereforethereare different delaysin the processing of signalling dataand time dot data. Thismeansthat
the signalling data and time sl ot data which are placed in a transmitted frame do not necessarily originate
from the same frame.

G703-75/-4CH Interface M odule Operating M odes

Trunk interfaces and user access interfaces are the two categories of DXX node interfaces. Trunk lines
are lines connecting the DXX nodes, and the trunks are always framed interfaces. The interface module
supportsfull DXX trunk features at interfaces 1 and 2. User access interfaces connect linesfrom usersto
anode. The user access interfaces can be channel interfaces or framed channel interfaces. The user
interface presents a G.704 framed channel interface to the user. The most important difference between
the trunk mode and the user mode is that the use of time dotsin the trunk interface is determined by the
Network Management System whereas the use of time slotsin a framed channel interface is determined
by the user. All interfaces on the module can be used as user access ports.

2048 kbit/s Trunk

When alineisused asatrunk line, apart of the frameisdedicated to transfer internal system information.
Thisinformation will contain data on e.g. network management channelsthat usethe HDL C format. The
transmitter will always regenerate the frame synchronization word and the CRC check in atrunk line.

The framing and CRC check have to be selected when a trunk line connection is established. The
corresponding HDL C channel hasto be activated and bits B5Y4 B8 in time slot tsO are recommended bits
for thelink. Thetrunk buffer is short in order to ensure minimal delay through the node. It is
recommended to activate the signalling time slot CAS of the trunk so that it is always reserved for
signalling and not used as a data time dot by the Network Management System.
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Split Trunk Lines

A split trunk line can be used to combine several parallel 2048 khbit/sinterfacesin order to increase the
maximum number of time slots of an x 64 kbit/strunk interface. The timeintegrity of thetime dotsin
the split trunk lineis preserved even if the 2048 kbit/sis connected through physically separated cables.
The split trunk mode can be used when aframe with CRC4 isused. The split trunk mode always requires
long buffers (eight frames). One of the interfaces will function as a master and the others as daves. All
split components must have the same bit rate.

The interfaces are synchronized to each other by their CRC4 multiframe structure. In the transmitting
direction the interface transmit buffers and Tx-frame multiplexers are synchronized with the X-bus
MSY N signal to transmit in the same multiframe phase. In the receiving direction the master interface
sendsinformation about itsreceiving buffer read phaseto the slaves, which will center their own receiving
buffersto the same phase. This operation causes data time dots sent from a transmitting node in the same
frame to be read together within one frame into the cross-connect unit of the receiving node.

CONTROL CHAN. MSYN

\b RD-pointer \L RD-pointer

Rx-buffer %§ Tx-buffer
WR-pointer S .
) ) WR-pointer

CONTROL CHAN. MSYN

\b RD-pointer \L RD-pointer

Rx-buffer %LV Tx-buffer
WR-pointer 4\— .
J ) WR-pointer

NTROL CHAN.
CO OL CI MSYN

4\ RD-pointer

X-BUS \L RD-pointer X-BUS
Rx-buffer %§ Tx-buffer
WR-pointer 4\— WR-pointer
MASTER 3 N B E Q

AOF0009A.WMF

Fig. 44: Split Trunk Line Operating Principle
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Theoretically, the maximum delay allowed between linesin a split trunk lineis 0.5 frames: due to the
centring the master read address occurs when the write addressisin the area 64 2. Due to technical
reasons, however, the maximum delay is 50 1rs.

Each line of a split trunk line will handleits own signalling data. Those lines which carry one or more
data channelswith signalling data will usethelast timedot or ts16 if it ispossible asa signalling channel
with a multiframe structure. It is not necessary to use a CAStime dot for lines that do not include data
channelswith signalling.

Interface module as User Access Point

The interface module can provide a G.704 framed channel interface to the user. The framed user access
point has the same features as a corresponding trunk interface. The special bits are used in accordance
with customer requirements. There are many possibilities to use the interface module as a user access
point. Some examples are discussed below.

Framed; With or Without CRC

Thisisthe basic way to connect pieces of equipment which usethe G.704 frame structureto a DX X node.
Only the data channelsin time slots ts1v4 ts31 is transmitted over the network together with signalling
data in the time slot ts16, if required.

Theframing structure isdemultiplexed at the interface point and only payload datawill be supplied to the
cross-connect system for further processing. In the transmitting direction the whol e framing structure and
the frame synchronization word are created in the interface and payload data from the cross-connect is
added to the frame. The user equipment to be connected has usually no information about the protocol of
the DXX system control channel. Therefore the HDLC channel will not be connected to the interface
(with the exception of some DX X system modems). The free bitsin time sot tsO can be set to a state
required by the user equipment. The synchronization remote end alarm indication bit RAl may be used,
if required by the equipment to be connected. It is recommended to use the CRC check in the interface
when the user equipment supports the use of CRC. Some equipment use the CRC E bitsin away not
conforming to standards and in such cases unnecessary alarms can be avoided by setting the bitsin afixed
state, usually 1.

When individual channel signalling is used, the multiframe structure in the receiving direction is
demultiplexed in the interface and the signalling for each channel istransferred to the cross-connect for
further processing. I n the transmitting direction the multiframe synchronization time slot iscreated in the
interface and stuffed with free bits. Signalling data from the cross-connect is placed into the signalling
timedot. Thefreebitsusually havethe Permanent 1 state. If no signalling isused, then also time slot ts16
may be used to transmit payload data.
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Framed; Transmission of Free Bitsin tsO Through the Network

It ispossibleto transmit the free bits of time dlot ts0 through the DXX network when the equipment

connected to a DXX node can utilize these free bits. Other functions may be the same asin the previous
example. The free bits of time dot ts0, which are utilized by the application and transmitted through the
network, are set to the X-conn state when the GDH (interface) module parameters are defined. The unit

will then transmit these bitsin the same state asit receivesthem from the cross-connect. Accordingly, bits

received in time slot tsO are supplied to the cross-connect in the same state as they are received.

On the transmission line the data transmission capacity is4 kbit/sfor one free bit in time dot ts0 due to
the frame alternation. The total data transmission capacity of all five bits B4%, B8 isthus 20 khit/s.

However, the DXX system utilizes aformat where one free bit of time dot ts0 uses a capacity of 8 khit/s
on those connections on which it is transmitted through the network. Thus, atotal capacity of 40 kbit/sis

reguired to transmit all bits B4v4 B8 through the network. Transmission of the free bits of time slot ts0
always uses 64 kbit/s of the DXX node internal X-bus capacity for each interface, regardless of the

number of transmitted bits.

DXX NETWORK

TSO/FSW

TSO/FSW

TSO/FREE N x 8k TSO/FRE
TS16 B SIG TS16 \
DATA N x 64k DATA

AOFO010A.WMF

Fig. 45: TS0 Free Bits Connected Through the Network
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Framed; Transmission of Time Slot tsO Through the Network

Itispossibleto usethe frame synchronization word to monitor the complete connection through the DXX
network. In this case the whole time slot tsO is directed via the cross-connect and transmitted to the far-
end equipment. In this case the frame synchronization word, the free bits of time dot ts0 and the frame
remote end alarm are transmitted over the whole connection. If it is required to connect signalling data
separately over this connection, then the CRC check hasto be regenerated in the user accessinterface. A
new CRC check sum hasto be cal culated because the frame contents will change due to the different
treatment of signalling data and normal data. The CRC check may beinactivated when the user equipment
does not support the use of CRC.

DXX NETWORK

[

-
ﬁ>o 7 x 8k

SIG

[T
L]

N X 64k

AOFO011A.WMF

Fig. 46: TSO Connected Through the Network

When it is connected to the transmission network, the time slot ts0 isinverted in the receiver beforeit is
forwarded to the cross-connect. Thetime ot isin theinverted state when it is transmitted through the
network, and in thefar-end user accessinterfaceit isagaininverted intoitsoriginal format and then added
to the frame as the synchronization time slot. The time slot tsO isinverted so that it cannot cause false
synchronization of the trunks when it propagates through the network. A trunk capacity of 56 kbit/sis
used in order to transmit the whole time dot ts0 through the network. The transmission of the time dot
ts0 uses 64 kbit/s of DXX node internal X-bus capacity for each interface.

When the interface parameters are set (during commissioning), the Fault consequence BER 10E-3 should
be set Off. This causesreceived datawith a bit error rate worse than 10E-3 (cal culated with the aid of the
frame synchronization word) to be connected through the network, and not to be set AIS asin normal
transmission.
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When the time dot ts0 istransmitted through the network, he user access interface will respond to errors
inaway that isdifferent from the normal. The remote end frame level alarm bit is not activated when the
user access interface receiver detects a serious frame error, because this error will cause the remote end
user equipment to respond, e.g. through the Al'S, and to activate the remote end alarm bit. The remote end
alarm bit is then transmitted back to the near-end user equipment. Moreover, the interface module will
not respond to areceived FrFEA bit. If an interruption occursin the transmission network and an AISis
given instead of a payload signal to the interface, then this condition will be detected in the transmitter
and an AlSis sent to the user equipment. The interface simultaneoudly activates the AlS from X-bus
alarm.

Framed; TsO and CRC Connected Through the Network

It is possible to monitor the quality of the user's connection over the whole network with the aid of the
CRC check. To enable this, a combination of the time slot ts0 and the CRC check is sent through the
network from the near-end user equipment to the far-end user equipment. The CRC check sumis
calculated for the total signal. In order to get equal resultsin the unit creating the CRC check sumand in
the unit evaluating the CRC check sum, all bits must have the same state at both locations. The receiver
will receive signalling data and payload data through different delays, and thereforeit is not possible to
use cross connected channel signalling, if the CRC check istransmitted over the connection. Theidle data
of possibly unused time slots has to be the same at both ends of the connection.

DXX NETWORK

CRC 1x8k CRC

TS0 ™~ 7 x 8K o | TSO

DATA N x 64k DATA

AOF0012A.WMF

Fig. 47: TS0 and CRC Connected Through the Network

Thetimedot ts0 isinverted beforeit istransferred to the transmission network. A capacity of 64 kbit/sis
used on atrunk line to transmit the combination of time dot ts0 and the CRC check, and 64 kbit/s of the
internal DXX node cross-connect bus. CRC check E-bitsindicating remote end block errors are also
connected through the network. If these bits are not used they must set to the state 1. The interface
respondsto errorsin the same way as when only time slot t0 is connected through the network.
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Transparent Without Frame

The interfaces of the module can also operate in a transparent mode. In this mode the received signal is
connected through the network without any manipulations. The receiver isnot synchronized to the
incoming signal frame structure; no additions to the output signal are made in the transmitter. However,
the receiver does cut the signal into dices of eight bits, which are transmitted through the network and
from these dices a signal conforming to the original signal isthen reconstructed in the receiver. In the
transmission network a transparent signal requires a capacity according to its interface bit speed.

In order to use the interface in the transparent mode the interface parameter Framing must be set Off
during parameterization. No frame errors are detected in the transparent mode, as the frames are not
processed in any way. An alarmfor error rate 10E-3 will be cal culated only from code errors, whereasthe
error rate in a normal mode is calculated using also frame synchronization word errors.

Transparent With CRC Monitoring

The interface can be set to a function mode, in which the signal is transparently connected through the
network, but in which the user access interface receiver synchronizesto the received signal frame
structure and performs a CRC check on the signal. In the transmit direction the signal contentsis not
changed. The interface is set into this mode by defining the Framing parameter as CRC monitor during
parameterization. Theinterface will also output framing error information, but actions on these errorsare
prevented.

1+1 Protection

Interfaces 1 and 2 can be 1+1 protected by each other. In protected mode both channels must have the
same speed and framing mode settings. A unit working in the protected mode will look like a cross-
connect port towardsthe X-bus. In the protected mode both channel stransmit the same data signal coming
from a buffer. Both channels use their own frame mux to create the frame structure. The receiving
direction includes a change-over switch that selectsthe activereceiver. Rx signal faultsare classified into
several categories. The switch usesfault categoriesto select the interface to be used. Thefault categories
areindicated in the fault table. For example 1.x meansthefirst category (the worst or the most serious
fault).

The operating modes of the change-over switch are:
— normal operation

— preferred operation

— forced operation

In the normal operating mode the switch will automatically switch to the other interface if the Rx signal
fault category (1, 2, 3, 4, 5, OK) of the active interface continuously is worse than the fault category of
the other interface, for alonger period than the given time delay. No switchover operation is activated
when the categories are equal for both interfaces.

In the preferred operating mode a switch-over istriggered if there is a difference between the interface
fault categories; the better interfaceis switched active. In a situation with equal fault categoriesfor both
interfaces the switch selects the preferred interface.
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Fig. 48: Block Diagram of Protection

In forced operating mode the switch isforced to switch over without delay. Received data from the active
interface isimmediately connected to the X-bus. In this situation the Protection switch forced fault
message with status MEI appears, and the red LED isturned on.

A switch operating time delay is defined for the prefer operating mode and the normal operating mode.
Thedelay isdefined asn x 10 ms, where n=0% 6000; i.e. the delay is 0% 1 minutes. The delay defines
the allowed fault duration before the switch istriggered to switch over.
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Fault and Service Status (PMA, DMA, MEI, S) in 1+1 Mode

In principle both interfaces generate their own alarms (alarm messages with fault status). PMA and S
statuses are processed in this mode.

PMA Status Processing:

In the protection mode the normal PMA statusis changed to the DMA status and there is an additional
fault condition, Loss of protected signal, with a PMA status. In normal or preferred operating modesthis
special condition is created when both interfaces have a fault with fault category 3 or worse. In the forced
operating mode this condition occursif the forced interface has a fault with fault category 3 through 1.
The inactive interface is not able to generate a fault with the PMA status.

S Status Processing:
In the protection mode an S status is generated only in the Loss of protected signal fault condition.

Far-End Alarmsin 1+1 Mode
A far-end alarm indicates that the Rx signal isout of service (S status)

FrFEA = Rx frame out of service

MFrFEA = Rx multiframe out of service

Tx far-end alarms (FrFEA, MFrFEA) of both interfaces are generated assuming afault status of the active
interface. During a short period, when the change-over switch isin a transition phase, the far-end may
generate an alarm even if thereisno fault in the better interface. In forced operating mode only the active
forced interface can cause far-end alarms to be sent.

RXxAIS Processing

RxAISand RxAISto SigT S are always generated when FAE or MFrFAE issent. AlS generating depends
on the fault status of the selected interface.

Loopsin G703-75/120-4CH interface module

The NMSisableto control several loopsin the G703-75/120-4CH interface module. Loops and
measurement points are used to find a faulty section of the line and to detect the faulty transmitting or
receiving direction. The unit includes a loop time-out control which will turn off aloop when the user
defined time has come to an end.
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Aninterfaceloop iscreated in theinterface tranceiver. It loopsthe transmit data and the clock signal back
to the interface receiver. AlSis sent from the interface and the yellow alarm LED is switched on.
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Equipment Loop

I'n an equipment loop thetransmit data from the G.704 multiplexer before the line coder/decoder islooped
back to the demultiplexer. The interface sends an AlS and the yellow alarm LED is switched on.
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Fig. 50: Equipment Loop

Thisloop tests the frame multiplexer and demultiplexer. Neither the line coder/decoder nor the interface
transceiver areincluded in the loop. It is also possible to detect faultsin the transmitting and receiving
buffers when a test signal from a measurement equipment is added to the signal passing through the
looped channel. If no problems are detected with the interface loop, it is suggested to perform atest with
the equipment loop to ensure that the moduleisin order.
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LineLoop

In the line loop the Rx data received by the interface module islooped back to the interface transmitter.
The received clock signal isused as the transmitter clock. AlSis connected to the X-bus instead of the
received signal. Theyellow alarm LED is switched on.
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Fig. 51: Line Loop

The interface module, line coder and decoder as well as the frame demultiplexer and multiplexer can be
tested from the module's line connector with the Line Loop Test. When it is used, the HDL C controller
works with the line loop. All other bits are looped back to the interface.

Remote Line Loop

Theremote line loop operatesin the looped unit in the sameway asthe (local) lineloop. The remote line
loop is activated from the unit at the other end of the line. The loop is made viathe HDLC channel and
the control channel continuesto operate even when theremotelineloop isactive. The status of thelooped
unit can be checked with the service computer. When the loop is made, theyellow LED of the unit which
controlsthe loop is switched on, and the yellow LED of the looped unit is also switched on. The whole
line can be tested with the remote line | oop.

Clock RAI

Theinterface modul e can employ a dedicated bit of the frame structure asafar-end clock alarm bit. When
a node | oses the synchronization with the network, it activates the alarm bit. When the node receiving
synchronization from the faulted node detects the alarm state of this bit, it can cease to use the corrupted
clock and select the next clock source from the fallback list.

The NMSisableto select the bit used as a clock RAI. The user must choose atime slot and a bit for the
clock RALI. The clock RAI time dot cannot be used for payload data. Special bitslike HDLC can,
however, be used in the same time ot with the clock RAI. The user must also select the polarity (active
dtate).

Theinterface activatesthe clock RAI in thetransmitting direction when it receivesan alarm message from
the cross-connect unit via the control bus. The clock RAI isinactivated in a corresponding manner.
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In the Rx direction the clock RAI bit is separated from the incoming data and sampled by the processor
with asampling period of about 10 ms. The state of the bit is preserved when two consecutive equal states
are detected. When a unit in the active state receives the clock RAI bit, it will cut off the SYB clock if it
has one. If the cross-connect unit loses the SY B clock, it will select the next clock source in the fallback
list. If the clock signal islost for a short period, the interface module returns the clock to the SYB bus
when the clock RAI isinactivated and then the cross-connect unit again will use the clock. If the
synchronization islost for alonger period, the cross-connect unit will remove the faulted interface from
the SY B bus by a command through the control bus; thereafter the cross-connect unit directs a command
to the next object in the fallback list without an SY B busto have it connect the clock to the cleared SYB
line.

G703-75/120-4CH Interface M odule Front Panel

The module front panel houses two alarm LEDS, four channel interfaces and a synchronization interface
which is of the same type as the channel interfaces. Service computer interfaceislocated in XCG base
unit.
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Fig. 52: G703-75/120-4CH modulesinstalled in XCG base unit
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Fig. 53: 120 Wbalanced lineinterface (IF 1¥4 4) connector pinout
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Pin Usage for 120 Whalanced lineinterface |F1-4 connector D9 Female

Pin Signal
1 TxA

2 TxB
3,6Y49 GND
4 RxA

5 RxB

G703-75-4CH channel interface coaxial connector positions are shown in Fig. 52.

6789

12345

A1CO001A.WMF
Fig. 54: 120 Wbalanced SYNC interface connector pinout

Pin Usage for 120 Whalanced SYNC interface connector pinout D9 Female

Pin Signal

1 Input A
2 Input B
3,6Y49 GND

4 Output A
5 Output B

G703-75-4CH SYNC interface coaxial connector positions are shown in Fig. 52.
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G703-75/120-4CH Module Technical Specifications
Frame and Multiframe Operation

Filtering of FEA and MFrFEA bit:

The state of the alarm bit will switch if the opposite state is received three times consecutively.
AlSin frame 2048 kbit/s:

Signal containing two or less zeroesin a 2-frame period isrecognized asan AIS signal. After AISis
detected, a signal containing three or more zeroesin a 2-frame period is recognized not to be an AIS

signal.

AISin multiframe:

A signal in the signalling time dlots containing one or no zeroesin a multiframe period is recognized as

an AlSsignal.

Error rate 10E-3 limits from frame alignment word:

2048 kbit/s, Count timeisfour seconds

Count to activate alarm: 94

Count to inactivate alarm: 17

Error rate 10E-3 limitsfrom code errors:

2048 kbit/s, Count timeis one second

Count to activate alarm: 1973

Count to inactivate alarm: 229

CRC spuriousframealignment limits:
2048 kbhit/s 915

Power requirement

GDH 522/521 35W
M echanics
Weight

GDH 521 250 gr

GDH 522 252 gr

Module dimensions; 20 x 135 x 228 mm
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LinelInterfaces

Nominal impedance

75 Wunbalanced/GDH 521

120 Wunbalanced/GDH 522

Bit rate 2048 khit/s+ 50 ppm 2048 khit/s + 50 ppm
Code HDB3 (G.703 Annex A) HDB3 (G.703 Annex A)
Pulse shape G.703 figure 15 G.703 figure 15
Nominal peak voltage 237V 30V

Nominal pulse width 244 £ 25ns 244+ 25ns
Attenuation margin 6 dB at 1024 kHz 6 dB at 1024 kHz

Input return loss G.7038§6.3.3 G.70386.3.3

Output return loss ETS300 166 §5.3 ETS300 166 §5.3
Jitter tolerance G.823§3.1.1 G.823§31.1

Output jitter when transmit signal
timing is supplied by the XCG oper-
ating in the internal mode

< 0.05 UI (20 HZY4 100 kH2)

< 0.05 Ul (20 HZY4 100 kH2)

Output jitter when the node is syn-
chronized from any 2.048 Mbit/s
G.703 interface or XCG external
Clock input interface

TBR 12
TBR 13

w w
oo
NN
e

4
214

TBR 12
TBR 13

w w
oo
NN
e

4
214

Output short circuit current

< 50mA RMS (75W)

Connector type

SMB

D-type 9-pin femal e connector

Overvoltage Protection

G.703 Annex B

G.703 Annex B

External Clock Input Interface (G.703 § 10.3)

Impedance

75W coaxial (GDH 521) or

120W symmetrical (GDH 522)

Nominal frequency

N x 64 kHz; N = 1¥2 132

Frequency tolerance

+ 50 ppm

Connector

SMB-connector male or 9-pin D-connector female

Input attenuation

6 dB at 2048 kHz max. relative to the output pulse

Return loss 15 dB min. at 2048 kHz
Over voltage protection G.703 Annex B
Continuous signal level 5V rms max.

Grounding Cable shidds are grounded
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Node Clock Output Interface (G.703 § 10.2)

Impedance 75W coaxial (GDH 521) or
120 Wsymmetrical (GDH 522)
Connector SMB-connector male or 9-pin D-connector female

Output pulse at 2048 kHz

se (G.703§10.2)

Pulse amplitude

Vmin=075V,Vmax.=15Va75W
Vmn=10V,Vmax.=1.9V at 120 W

Nominal frequency

8448, 2048, 1408, 1024, 768, 704,512, 384, 256, 192, 128, 64
kHz

Over voltage protection

G.703 Annex B

Grounding

Cable shidlds are grounded
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Fig. 55: Clock Output Pulse Mask at 2048 kHz

Jitter transfer function from 2 Mbit/s port A to 2 Mbit/s port B or from an external clock at 2048 kHz to
a2 Mbit/s port

AldB]
7 O
0.5 20 dB/decade
0 2
5 f[Hz]
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Fig. 56: Jitter Transfer Function
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2.7.3 Faultsand Actions

2.7.3.1 Terminology

The acronyms explained below will be used in the following tables:

PMA = Prompt Maintenance Alarm

DMA = Deferred Maintenance Alarm

MEI = Maintenance Event Information

S = Service Alarm

R =Red alarm LED

Y = Yélow alarm LED

RB = Red alarm LED blink

TxAIS = AlSinsertionto Tx signal

RxAIS = AlSinsertion to Rx signal

TXTS-AIS= AlSinsertion in time dots of Tx signal
FrFEA = Framelevel far-end alarm (ts0/B3 in 2Mbit/s frame)
MFrFEA = Multiframe level far-end alarm (FRO/ta sig/B6)
MFrFEA isalso transmitted if FrFEA istransmitted.

2.7.3.2 XCG Faults

Fault Condition Status LED Note
Reset of Unit PMA R

Power Supply Faults

Fault Condition Status LED Note
Power + 5V PMA R

Power + 12V PMA R

Power - 10 V PMA R

Memory Faults

Fault Condition Status LED Note
RAM Fault PMA R

EPROM Fault PMA R

Flash Write Error PMA R

Flash Copy Error PMA R

Flash Erase Error PMA R

Flash Dublicate Error PMA R

Flash Shadow Error PMA R

Flash Check Sum Error PMA, S R

Missing Settings PMA R

Incompatible SW in EPROM and FLASH PMA R
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Cross-Connection Faults

Fault Condition Status LED Note
X-Connect RAM Fault PMA, S R
Block 1/2/3/4 1A Fault PMA, S Y
Loss of Master Clock Locking MEI

Fallback list Warning MEI

Loss of External Clock PMA, R
Phase Locked Loop Alarm PMA R
External Clock Warning MEI

Clock Far End Alarm of Choice 1/2/3/4/5 MEI

Flash List Check Sum Error PMA, S

ASIC Latch Error PMA, S

ASIC Latch Warning MEI

Time Controlled X-connect Warning PMA

X-Connect Flash List Conflict MEI

PortDesc Flash List Conflict MEI

Swapped Trunk Flash List Conflict MEI

Passivated Trunk Flash List Conflict MEI

Unit |A Fault PMA, S Y
Inventory Faults

Missing Unit PMA, S Y Service alarm
Extra Unit MEI
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2.7.3.3 G703-75/120-4CH Interface M odule Faults and Actions

Tx Signal Faults (Block 1, 2, 3, 4)

Fault Condition Status LED Tx signal
Tx Clock fault (PLL) PMA, S R TXAIS
Bus faults
1A activity missing PMA, S R TXTSAIS
Bus sync. fault (block 0) PMA, S Y TXTSAIS
AIS from X-bus MEL. S Y TxAISA
a Only when FAS istransferred through the network
Rx Signal Faults (Block 1, 2, 3, 4)
Signal & Frame Faults Status LED Rx signal Tx signal
1.1 Rx signal missing PMA, S R RXAIS FrFEA
1.2 Rxsignal isAIS MEI, S Y RxAIS FrFEA
1.3 Loss of frame alignment
1.3.1 Frame alignment lost PMA, S R RxAIS FrFEA
1.3.3 Frame alignment lost by CRC PMA, S R RxAIS FrFEA
->915/1000 errored CRC-blocks
1.3.2 CRC missing DMA R RxAIS FrFEA
1.4 BER 10-3 PMA, S R RxAIS FrFEA
- frame alignment word
(normal error response)
- line code errors
- n x 64 kbit/s baseband signal
1.5 Wrong input signal
1.5.1 Own NNM messages received PMA, S R RXAIS -
1.5.2 Wrong IDsin NNM messages PMA, S R RxAIS -
(detection can be inhibited)
1.5.3 No response to NNM message PMA, S R RxAIS -
1.6 ASIC register error PMA, S R - -
Loops Status LED Rx signal Tx Signal
2.1 Local loops
2.1.1 Interface back to equipment MEI, S Y - TXAIS
2.1.2 MUX/DEMUX back to eqg. MEI, S Y - TXAIS
2.1.3 MUX/DEMUX back to line MEI, S Y RxAIS -
2.1.4 Line loop made by neighbour MEI, S Y RXAIS -
2.2 Remote loops
2.2.1 Remote controlled line loop MEI, S Y - -
Multiframe level faults
3.1 Multiframe alignment lost (group N) PMA, S R RxAIS/ MFrFEA
SigTS
3.2 AlSinsignalling (group N) MEI, S Y RxAIS/ MFrFEA
SigTS
Far-end alarms Status LED Rx signal Note
4.1 Frame far-end alarm (FrFEA) MEI, S Y RxAIS RXAIS operation can be
SigTS turned off
4.2 Multiframe far-end dlarm (MFrFEA) | MEI, S Y RxAIS RXAIS operation can be
SigTS turned off
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Rx Signal Faults (Block 1, 2, 3, 4)

Signal & Frame Faults Status LED Rx signal Tx signal
Degraded signal Status LED RXAIS FrFEA
5.1 Error rate 10-3 DMA R - -

- frame alignment word (AlSinsertion in-

hibited)

5.2 Error rate 10-6 DMA R - -

- CRC block errors

- line code errors

5.3 Freguency difference DMA R - -

- excessive phase drift in input buffer

5.4 Buffer dipg/1 hour MEI RB - -
Miscellaneous Faults (Block 1, 2)

Fault Condition Status LED Rx signal Tx signal
Port locking conflict DMA R - -
HDLC overlap with X-bus DMA R - -
Master clock RAI overlap with X-bus DMA R - -
G821 unavailable state PMA, S - - -
G821 limit event DMA - - -
Faults masked/Test MEI Y - -
1+1 Protection Switch Fault M essages (Block 0)

Fault Condition Status LED Rx signal Tx signal
Protection switch forced MEI R - -

| oss of brotected sianal PMA.S R 2 -2

a Only when FAS istransferred through the network.
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2.7.4 XCG Front Panel

Following figure shows the connector locations and the LEDs. 75 Wasymmetrical interface and 120 W
symmetrical interface versions are available.
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Fig. 57: G703-75/120-4CH interface modules installed in the XCG base unit
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Fig. 58: XCG base unit
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2.7.5 XCG Technical Specifications

Cross-Connect

Cross-connection method

Synchronoustime slot interleaving

Frame frequency 8 kHz

Capacity: The sum of cross-connected signals 64 Mbit/s

Smallest cross-connect unit 8 kbit/s

Signalling cross-connection (XD) n x 500 hit/s (CAS)

Delay of cross-connect core:

1 frame= 125 ns2ms
n x 64 kbit/s CAS-hits (500 hit/s)

Time integrity between time sotsin cross-connected
signalsis maintained

CASTS capacity

=32 bustimedots

n x 8 khit/s cross-connect port capacity

=95 bustimedots

Timing

Master clock frequency

16 896 kHz = 30 ppm

Master clock functional modes

Locking tothelF rx clock (nx 64 kbit/s) n=1t0 32

Locking to external clock input (n x 64 kHz)

Clock fallback list (5 levels + internal mode)

Frame sync. 8 kHz (125 us)
Multiframe sync (E1) 500 Hz (2ms)
Multiframe sync (T1) 166.66 Hz (6 ms)
Locking frequency nx 64 kHz £- 50 ppm

External clock input

nx 64 kHz (n = 1%4 32) + 50 ppm

Electrically G.703 (120/ 75 W)

External clock output

2048 kHz £ 30 ppm (Locked to master clock)

Electrically G.703 (120/ 75 W)

Jitter transfer function and jitter in the output

G.736, G.823

The 16.896 Mhz clock is used to generate the main clock for whole node.
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Control Interface Specifications

Service Computer Interface

Purpose Management interface for SC/NMS
Electrical interface V.28

Data hit rate 9600 b/s asynchronous

Character format 8 hit, no parity, 1 stop hit

Connector type D-type 9-pin femal e connector
Interface signals 102,103,104,105,106,107,108 and 109
Protocol Layers 2%/4 7 proprietary

Node Clock Jitter and Wander

Output jitter, measured within the frequency range 20 Hz to 100 kHz

2 Mbit/sand clock port output, internal timing 0.05 Ulp-p max.

2 Mbit/s port output, node synchronized from an external clock at 0.05 Ulp-p max.
2048 kHz containing no jitter

2 Mbit/s port output, node synchronized from an interface 0.10 Ulp-p max.
at 2 Mbit/s containing no jitter

Input jitter tolerance at the external clock interface at 2048 kHz

Seefollowing figure: (G.823fig. 3)
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Fig. 59: Input Jitter Tolerance for the External Clock

Jitter transfer function from 2 Mbit/s port A to 2 Mhit/s port B or from an external clock at 2048 kHz to
a2 Mbit/s port
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Fig. 60: Jitter Transfer Function
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