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HDSL-Network Configuration System

1
General

The ERICSSON SCHRACK Network Configuration System software, FX-NCS, is a general usable network management system with the capability to manage network elements, which are generally based on the ERICSSON SCHRACK FX-Basic Unit. Therefore this system can also be used as element manager for the HDSL copper access system.

The heart of an HDSL-shelf is an additional board, the so-called FX-CPU-card, providing for configuration and control over the local exchange sited LTU-boards as well as over the customer sited NTU-boards and communication with the HDSL element manager. Therefore the FX-CPU card acts as shelf management function (HDSL-SMF) inside one HDSL-shelf.

Naming Conventions
LTU


Line Termination Unit

NTU


Network Termination Unit

FX-CPU

same as HDSL-SMF

HDSL-SMF

HDSL-Shelf Management Function

FU


Function Unit (a board inserted into FX-shelf, e.g. LTU)

HDSL-NCS

HDSL-Network Configuration System

HDSL-NCS-PC

Personal Computer running NCS software

HDSL-system

An entity of one LTU and NTU

2
Network Topology



Figure 2.a - HDSL Network Configuration System's Management DomainTC "Figure 2.a - HDSL Network Configuration System's Management Domain" \l 2 \f FIGURE
(File: HDSLNET.CDR)



Figure 2.b - Network Configuration at Higher Network Size and Simultaneous SessionsTC "Figure 2.b - Network Configuration at Higher Network Size and Simultaneous Sessions" \l 2 \f FIGURE
(File: HDSLNET1.CDR)

Up to 311 HDSL-shelves can be interconnected via one Q2-bus (standard 2-wire RS-485-bus). These HDSL-shelves form a manageable HDSL-cluster and therefore the management domain of the HDSL element manager (NCS-PC) (Figure 2.a). The NCS-PC can transparently access each shelf of the cluster and its plug-in cards. If network size increases, the whole HDSL-network is subdivided into several HDSL-clusters, each consisting of up to 311 HDSL shelves (Figure 2.b).

Since each HDSL-shelf can have up to 12 LTU plug-in cards inserted, the maximum number of LTU-boards per cluster manageable by one NCS-PC is 372.

The NTUs can be controlled indirectly by accessing the corresponding LTU-board, which uses the Embedded Operation Channel (EOC) to control and monitor the remote unit.

The NCS software is running on an IBM compatible PC, which acts as operator terminal and is connected to the CPU-board of one centrally located HDSL-shelf via a standard serial RS-232 interface. The NCS-PC can be connected directly to the CPU-card as well as remotely from the HDSL equipment by using any bit-transparent data transmission service (e.g. dial-up modem)2.

Generally, each HDSL-cluster will be managed by exactly one NCS-PC. Accessing one HDSL-cluster with several NCS-PCs simultaneously is not possible and suitable for this configuration. Such access conflicts are automatically handled by PSTN, because only one PC can communicate with one cluster at the same time2.

Otherwise, the number of NCS-PCs managing the overall HDSL network simultaneously is equal or less the number of  HDSL-clusters the overall HDSL-network is subdivided.

Furthermore, it is possible to manage the overall HDSL-network with a single NCS-PC, but it shall be noted, that one NCS-PC can access only a single HDSL-cluster (up to 311 HDSL-shelves) at once2.

Note 1:
For future implementations the number of HDSL-shelves per cluster can be increased.

Note 2:
For future implementations remote access of the HDSL equipment via X.25 PSS network 

with all its features will be possible.

3
Computer Platform

The HDSL Network Configuration System software is based on an IBM compatible personal computer with Microsoft DOS and Microsoft Windows as the operating system environment. This NCS-PC is connected to the network via one standard serial interface of the PC to the CPU-card of one HDSL-shelf. Since all HDSL-shelves are interconnected by the Q2-bus (RS485-interface of the CPU-card), the NCS-PC is able to access all HDSL-shelves on this Q2-bus.

For the use of the HDSL-NCS, the following hardware is needed:

-
IBM compatible personal computer with 80386SX processor or higher

-
One 5,25" (1,2 MB) or 3,5" (1,44 MB) floppy drive

-
At least 500 kB free capacity on hard disk

-
At least 2 MB free memory

-
VGA compatible video adapter with VGA monitor

-
Microsoft compatible mouse or another pointing device

-
Serial interface card at COM1 or COM2

Software requirements:

-
Microsoft DOS version 5.0 or higher

-
Microsoft Windows version 3.1 (or higher)

-
MS-Windows shall be running in Enhanced 386 Mode

The element manager software is written in Microsoft C/C++ for Windows 3.1, which is basically compatible to ANSI C/C++.

4
Management Information Base

The current network configuration system is based on a decentralised management information base (MIB), which is realised by the permanent storage capability of the CPU-board of the network elements. This means, that all information about the network elements and their HDSL-boards, which is relevant for the technical management of the HDSL equipment, is stored in the non-volatile memory (EEPROM) of the CPU-board of the HDSL-shelves. Each CPU-board holds (only) its own configuration, status and fault information.

This information is retrieved partly automatically within the polling request by the NCS software (i.e. mainly status information) and partly manually in an interactive manner by the network operator using the GUI at the NCS-PC (e.g. configuration data, specific fault information, equipment information etc.).

Generally following information is stored in the CPU's non-volatile memory:

a.) Shelf specific Information:

- CPU configuration data

- CPU fault status

- CPU hard and software release

- Shelf equipment with Function Units (i.e. LTU-boards)

- Comprehended shelf fault status

b.) HDSL-system (LTU & NTU) specific information:

- Equipment type (i.e. LTU) or spare

- Hardware release (LTU & NTU)

- Software release (LTU & NTU)

- Equipment Status: enabled/disabled, faulty, under test (LTU & NTU)

- Fault status (LTU & NTU)

- Configuration data (LTU & NTU)

- Raw performance parameter data of the HDSL-system

5
Communication Protocols and Interfaces

5.1
Communication Protocols

The transport network of network management data is separated logically into two parts.

The first is the connection between the NCS-PC and one CPU-card of an HDSL-cluster. This connection is performed via a simple 3-wire CCITT V.24/EIA232C link. The communication via this serial interface is as follows:


Layer 1:
Standard:
CCITT V.24 / ANSI RS-232




Transmission:
asynchronous, byte-oriented




Speed:

9600 bit/s or 19200 bit/s




Data Format:
8 data, 1 stop, no parity bit


Layer 2:
Standard:
DIN 66019 Subset


Layer 3-7:
application specific

The second part of the network management data transport network is the Q2-bus (RS-485-bus), where up to 31 CPU-cards (and therefore HDSL-shelves) can be connected.


Layer 1:


ISO 8482/ANSI RS-485 (2-wire)




Bit rate:
256 kbit/s


Layer 2:


CCITT X.25 NRM (Normal Response Mode) Subset


Layer 3-7:
application specific

5.2
Polling Information

The HDSL configuration system provides for permanent monitoring of all network elements and their plug-in cards. This monitoring function is implemented by a polling technique where the NCS-PC periodically requests general equipment, fault and status information from each CPU-card. The default polling cycle time is 1 minute. The NCS polls each network element individually so that the polling process can be enabled/disabled individually for any network element. This is useful, if the network element (shelf) is already installed but out of service. The polling function can also be enabled/disabled generally.

Within the polling cycle the NCS requests the following general information:

Actual network configuration: The NCS software compares the actual network configuration 

(number of network elements and links) with its runtime-database. If any network 

element is lost, the HDSL-NCS-PC will generate an alarm on its GUI.

Actual HDSL-shelf equipment with LTU-boards: The NCS software compares the actual 

equipment of an HDSL-shelf with its database. If any LTU-card has been removed 

or inserted, the database will be updated automatically (automatic Function Unit 

detection).

Actual equipment and fault status: The NCS-PC retrieves accumulated fault and status 

information of each HDSL-shelf and of each LTU-board and indirectly NTU-board of the 

network and generates an corresponding alarm on its GUI. The NCS cannot retrieve the 

specific error condition of a card generating the alarm within the polling cycle. This 

information has to be retrieved by the user manually via the GUI (see also section 7, 

Fault Management).

Alarm Relay Status:


see also section 5.5.

5.3
Configuration, Status and Performance Information

Besides the polling information, board- respectively HDSL-system specific configuration, fault, status and performance information is transferred between the HDSL-NCS and the CPU-cards of the HDSL-cluster. This information is not transferred automatically within the polling cycle but has to be sent and requested manually by the operator via the GUI at the NCS-PC. 

5.4
Response Time-out

All data packets exchanged between the NCS-PC and the network elements have to be confirmed on the different data exchange protocol layers by the NCS's as well as by the CPU-card's software.If the NCS-PC does not receive an appropriate acknowledge message within the corresponding time-out, the NCS will generate an alarm to be displayed on its GUI.

5.5
Alarm Relay Contacts - Interface to other Alarm Management Systems

The current version of the NCS has no specific interface to other alarm management systems, but the CPU-board of the HDSL-shelf, which can be seen as part of the overall network configuration system, is able to support two alarm relay contacts, which provide basic alarm information of the shelf. Each fault condition of one HDSL system can be freely mapped either to one of  the alarm relays or to none of them.

These alarm relay contacts can be used as interface to other alarm systems (which normally have facilities to monitor external alarm sources), where the basic operation of the HDSL-system can be monitored. For instance, if such a higher alarm management system detects an alarm of any HDSL-shelf, the specific error causing the alarm can be retrieved by the use of the NCS.

6
Man Machine Interface

The operator can access all components of the network via the graphical user interface (GUI) of the NCS software. This GUI allows that general and component specific configurations, error and alarm conditions can be easily monitored and that the operator can access each network element and its HDSL-systems in an interactive manner.

Since the NCS uses an operating system with a standardised and easily usable graphical user interface (Microsoft Windows 3.1 GUI), the staff using the system needs no special knowledge.

The graphical user interface of the NCS represents the real network and is therefore divided into three logical layers:

-
the network is represented by the network window

-
network elements are represented by the shelf windows

-
Function Units (LTU- and corresponding NTU-boards) are represented by dialog boxes

6.1
Network Window


Figure 6.1.a - Representation of the Network in the Network WindowTC "Figure 6.1.a - Representation of the Network in the Network Window" \l 2 \f FIGURE
(File: HDSLNET.BMP)

The network window is the main window of the NCS GUI. In this window the user is provided with general information about the network and its network elements, i.e. the naming (Shelf ID) of the HDSL-shelves and their general alarm statuses (error, warning or normal operation). The network window only shows HDSL-shelves located at the central site. Although NTUs are not shown in this window, these units can be accessed indirectly by the dialog boxes of the LTU-boards (see section 6.3).

6.2
Network Element Window

Clicking twice on a specific network element icon opens the network element window as it is shown in figure 6.2.a.



Figure 6.2.a - Network Element WindowTC "Figure 6.2.a - Network Element Window" \l 2 \f FIGURE
(File: HDSLSHLF.PCX)

This window shows the HDSL-shelf in a graphical manner. The operator gets information about the actual equipment of the shelf with LTU-boards and their general alarm status (error, warning, normal operation or disabled (out of service). Furthermore, this window provides several menus and dialog boxes for the overall shelf configuration. Several network element windows can be opened simultaneously (depending only on the size and resolution of the NCS's screen).

6.3
Function Unit Windows (Dialog boxes)

Pressing the right mouse button on a specific LTU-board inside a network element window opens a menu where the operator can choose one of several dialog boxes.

These dialog boxes are the only interface between the operator and the HDSL equipment, where the operator can communicate with the HDSL-boards in an interactive manner. The NCS-software provides for different dialog boxes for configuring, testing and performance monitoring of network elements and their LTU-systems (i.e. LTU & NTU).

It is possible to open several dialog boxes simultaneously so that configuration or error information of several HDSL-systems can be shown.

The GUI of the NCS provides for all information data necessary for the technical management (configuration and fault information) of the HDSL-equipment.

6.3.1
LTU Dialog Boxes



Figure 6.3.1.a - LTU Status Display Dialog BoxTC "Figure 6.3.1.a - LTU Status Display Dialog Box" \l 2 \f FIGURE
(File: LTUSTAT.PCX)



Figure 6.3.1.b - LTU Configuration Dialog BoxTC "Figure 6.3.1.b - LTU Configuration Dialog Box" \l 2 \f FIGURE
(File: LTUCONF.PCX)



Figure 6.3.1.c - LTU Test Dialog BoxTC "Figure 6.3.1.c - LTU Test Dialog Box" \l 2 \f FIGURE
(File: LTUTEST.PCX)



Figure 6.3.1.d - LTU Performance Dialog BoxTC "Figure 6.3.1.d - LTU Performance Dialog Box" \l 2 \f FIGURE
(File: LTUPERF.PCX)



Figure 6.3.1.e - HDSL Performance History Dialog BoxTC "Figure 6.3.1.e - HDSL Performance History Dialog Box" \l 2 \f FIGURE
(File: HDSLHIST.PCX)



Figure 6.3.1.f - LTU Relay Mapping Dialog BoxTC "Figure 6.3.1.f - LTU Relay Mapping Dialog Box" \l 2 \f FIGURE
(File: LTUREL.PCX)

6.3.2
NTU Dialog Boxes



Figure 6.3.2.a - NTU Status Display Dialog BoxTC "Figure 6.3.2.a - NTU Status Display Dialog Box" \l 2 \f FIGURE
(File: NTUSTAT.PCX)



Figure 6.3.2.b - NTU Configuration Dialog BoxTC "Figure 6.3.2.b - NTU Configuration Dialog Box" \l 2 \f FIGURE
(File: NTUCONF.PCX)



Figure 6.3.2.c - NTU Performance Dialog BoxTC "Figure 6.3.2.c - NTU Performance Dialog Box" \l 2 \f FIGURE
(File: NTUPERF.PCX)



Figure 6.3.2.d - NTU Relay Mapping Dialog Box

(File: NTUREL.PCX)TC "Figure 6.3.2.d - NTU Relay Mapping Dialog Box" \l 2 \f FIGURE
6.4
Colour Schemes

On the network window and the network element window the NCS software uses similar colour schemes to indicate operational status and alarm severity.

a.) Network Window

- WHITE
Network element disabled (out of service)

- GREEN
Network element in normal operation

- YELLOW
Network element minor alarm state (warning)

- RED

Network element major alarm state (error)

b.) Network Element Window

- WHITE
HDSL-card disabled (out of service)

- GREY

HDSL-card in normal operation

- YELLOW
HDSL-card minor alarm state (warning)

- RED

HDSL-card major alarm state (error)

7
Fault Management

7.1
General

The CPU-board of an HDSL-shelf has the capability to perform permanent monitoring of all LTUs and indirectly corresponding NTUs of this shelf and stores faults possibly occurring in the system in "real time" into its memory. The CPU's register set (memory) is divided into several sections corresponding to each HDSL-system of the shelf and the CPU-board itself. Out of these fault registers the CPU-board accumulates the Function Units' (i.e. HDSL-systems') alarm status, which is stored into registers, which are read by the NCS-PC by means of the polling cycle (see section 5.2).

The CPU-board's fault registers can be switched into one of two possible modes, which define the way faults are collected by the CPU as well as alarm statuses represented on the NCS's GUI.

One is the "Real Mode", where faults are monitored in "real time". In this mode, alarm statuses  are represented on the NCS's GUI as long as the event is actually active. Faults in the CPU's fault registers as well as the corresponding alarm indication on the NCS-GUI are cleared automatically after the reason of the fault indication has been removed.

In the other mode, the "Latched Mode", faults are latched in the CPU-board's fault registers as long as the operator does not explicitly acknowledge them. This means, that the operator staff can detect faulty equipment and read the actual fault condition causing the alarm status indication on the GUI at a later time, although this fault condition has already been eliminated.

7.2
Representation of Alarms Statuses on the NCS-GUI

Alarms statuses are represented on all three logical layers of the graphical user interface of the NCS-PC.

On the highest layer (network window), the operator is able to detect the accumulated alarm status of the network's HDSL-shelves due to the colouring of the shelves on the GUI. Once the operator has found a faulty shelf, he can select this shelf and open the network element window, where the HDSL-shelf and its LTU-boards are shown. On this logical layer, the operator is able to detect the faulty HDSL-system, due to the colouring of the LTU-board. Selecting the fault board opens the Function Unit (LTU- or NTU-board) status window. In this window the operator is provided by the specific fault condition causing the alarm indication.

The colour schemes used for indicating alarm statuses on the GUI is described in section 6.4.

7.3
List of Equipment Faults Causing Alarms

LTU:

- 
Selftest failure upon warm and cold start

- 
Selftest failure during normal operation

-
Loss of external clock

-
Loss of wetting current (loop 1 and 2)

-
Loss of signal (loop 1 and 2)

-
Loss of synchronization (loop 1 and 2)

-
Excessive CRC6 errors (loop 1 and 2)

-
Block error rate grater than 10-3
-
Block error rate grater than 10-6
-
EOC protocol failure

-
Loss of Signal at G.703 interface

-
Loss of Synchronization at G.703 interface

-
AIS received at G.703 interface

NTU:

- 
Selftest failure upon warm and cold start

- 
Selftest failure during normal operation

-
Power failure

-
Critical differential delay

-
Excessive CRC6 errors

-
Loss of signal at G.703 interface

CPU and HDSL-shelf:

-
Power failure (power 1 and 2)

-
CPU selftest failures upon warm and cold start as well as during normal operation:


-
RAM


-
EPROM


-
EEPROM


-
RTC

Further faults:

-
Loss of management communication between NCS-PC and the network's CPU-baords 

(see also section 5.4)

7.4
Alarm Prioritisation Levels

The overall Network Configuration System (NCS- and CPU-software) knows four equipment statuses.

a.)
Disabled (Out of service)

b.)
Normal Operation

c.)
Warning (Minor Alarm)

d.)
Error (Major Alarm)

Alarm Masking
The network operator is able to enable/disable fault monitoring on two logical layers, shelves and Function Units (i.e. HDSL-systems). If HDSL-systems are disabled (out of service), they are turned white on the GUI of the NCS.

Fault masking is helpful, if an equipment (shelf or board) is already installed but not yet in service.

Fault Prioritisation Levels
Each fault, that may occur in the network, can be mapped as one of two prioritisation levels, i.e. as Warning (minor alarm) or as Error (major alarm). Depending on this mapping, alarms are displayed in different colours on the graphical user interface of the NCS. Faults mapped as errors cause the network element in the network window and the corresponding LTU-board in the network element window to be turned red. Faults mapped as warnings cause the network element in the network window and the corresponding LTU-board in the network element window to be turned yellow. (see also section 6.4 Colour Schemes).

Furthermore, all faults can be mapped to one of the two alarm relays of the CPU-board (see section 5.5).

8
Configuration Management

8.1
General

Configuration information has to be sent and requested manually by the operator via the graphical user interface of the NCS. Since configuration data is transferred to the respective HDSL-shelf immediately and stored directly into the configuration registers of the CPU-board and indirectly of the LTU-boards of a shelf, the configuration process is more or less performed in "real time" (certainly, data transmission speed and processing time have to be taken into consideration).

8.2
Behaviour of the HDSL Network in the Case of NCS Failure

Since the use of the decentralised database solution (database is realised by non-volatile memory of CPUs (see also section 4), all configuration data are locally stored in the CPU's memory. Therefore, the HDSL network itself is completely independent on the use of the HDSL-NCS and HDSL transmission is not influenced in the case of failure of the NCS-PC or software.

8.3
Adding and Removing of HDSL-boards

HDSL-boards can be added and removed during normal operation of the HDSL network and the NCS without affecting other HDSL-systems of the same shelf or cluster.

Due to the periodical polling of the HDSL NCS-PC (see section 5.2), it detects any installation or removal of HDSL-boards, which is displayed on the graphical user interface.

Since the CPU-board of each HDSL-shelf holds the configuration of all HDSL-boards in its non-volatile memory, HDSL-boards can be changed and will be configured with the configuration of the previous HDSL-board automatically by the CPU. For this process it is not necessary, that the NCS-PC is connected to that HDSL-cluster.

9
Performance Management

The overall Network Configuration System (FX-CPU and NCS software) supports performance management for following performance data provided by the HDSL-equipment:

LTU:

-
Bit Error Rate (loop 1 and 2)

-
24 hrs CRC6 Errored Seconds (loop 1 and 2)

-
24 hrs FEBE Errored Seconds (loop 1 and 2)

-
24 hrs CRC6 Errored Seconds history in units of 15 min

-
24 hrs FEBE Errored Seconds history in units of 15 min

-
15 min Bipolar Code Violations at G.703 interface

NTU:

-
Bit Error Rate (loop 1 and 2)

-
15 min Bipolar Code Violations at G.703 interface

Performance monitoring is provided by the CPU-board and results of this monitoring process can be displayed on the NCS-GUI. A performance monitoring interval is 15 min, after which results are stored into the CPU's performance registers.

CRC6 and FEBE Errored Seconds results are accumulated to one 24 hrs value, which is updated at 15 min intervals. Each 15 min results of the last 24 hrs of these parameters can be displayed on the NCS's GUI by means of a histogram. If the CRC6 error counters (LTU & NTU, loop 1 & 2) reach a specific threshold (i.e. Block Error Rate grater than 10-3, 10-6 and equal 1) a corresponding fault will be set in the CPU's fault registers, which is displayed as an alarm on the NCS's GUI.

The G.703 Bipolar Code Violation counter will be overridden by the new monitoring result by a 15 min interval.

10
Test Management

10.1
Self Test of HDSL-Equipment

The LTU/NTU provides a self test facility upon cold (power-up) and warm start of the unit, which result can be displayed on the NCS-PC.

The network operator is able to repeat this test individually for each HDSL-unit or individually for all HDSL-units of a given shelf by restarting (warm start) the HDSL unit or the whole shelf respectively via the NCS's GUI.

10.2
Loops

For fault isolation of the transmission link or in the HDSL equipment, both a local digital or a remote digital loop can be formed. Activation of a loop is performed by pressing the respective button on the central sited LTU-board as well as remotely by the operating staff by using the NCS's graphical user interface. Results of test operations are requested immediately by the NCS-PC.
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