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USING THIS TECHNICAL PRACTICE

Three types of messages, identified by icons, appear in the text:

A note informs you of special circumstances.

I}

A caution warns you of possible damage to equipment.

-]

A warning indicates the possibility of personal injury.

@\

[ICopyright 1997 PairGain Technologies, Inc.
PairGain is a registered trademark, and HiGain is a trademark of PairGain Technologies, Inc.
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A. GENERAL

1. DESCRIPTION AND FEATURES

11 The PairGaift HiGain™ Line Unit Model HLU-231 Issue 1, List 7B (Figure 1), is the Central Office
(CO) side of a repeater-less T1 transmission system. When used in conjunction with a HiGain
Remote Unit Model HRU-412, the system provides 1.544 Mbps transmission on two unconditioned
copper pairs over the full Carrier Serving Area (CSA) range. This line unit can be used in
applications with or without the HiGain Doubler Units.
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Figure 1. HLU-231, List 7B

The CSA includes loops up to 12000 feet of AWG 24 or 9000 feet of AWG 26 wire, including
bridged taps. The HiGain system uses High-bit-rate Digital Subscriber Line (HDSL) transmission
technology as recommended by Bellcore TA-TSY-001210. The HiGain system complies with TR-
TSY-000063 (Network Equipment Building System (NEBS) Generic Equipment requirements) and
TR-TSY-000499 (Transport System Generic Requirements - TSGR) common requirements.

HiGain Line Unit HLU-231 PairGain Engineering - Plant Series Page 1
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1.2

HLU-231, List 7B features:

Selectable DSX-1 Pre-equalizer

-130 V to -200 V self-adjusting line voltage for HRU-412 and HDU-451 applications

Front Panel HDSL S/N Margin Display

Selectable Loopback activation codes

RS-232 maintenance port

Front-panel user option setup

Front Panel DS1 splitting & bridging access

Lightning and power cross protection on HDSL interfaces
784 kbps full-duplex 2B1Q HDSL Transmission on two pairs
Front panel status indicating LED

Automatic front-panel display blanking

Margin threshold alarm

HAIS & SAIS options

Easy default setting of user options

Circuit ID option

Single board design

New 200V PWRF option

HDSL Unipolar (0, -200V), Bipolar (£100V) switch

Can line power 3 spans (2 doublers and 1 remote)

Page 2
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1.3 The HLU-231, List 7B is identical to the HLU-231, List 7D except for an additional 200V Power
Feed (PWFD) option setting. This 200V setting forces the HLU's simplexed line voltage to its 200
volt output level for all applications.

1.4 In contrast to the List 7B, the List 7D's PWRF option has only two settings, ENABLE (ENA) and
DISABLE (DIS). The DIS prevents the HLU from ever applying its simplex line voltage to the two
HDSL pairs. This setting is used to prevent craft personnel from being exposed to any voltage while
working on the cable pairs. The ENA setting is the normal choice and is the factory default setting.
It causes the HLU to apply 130 volts to the cable pairs for all non-doubler applications and
automatically switches to its 200 volt output level for doubler applications.

15 The new List 7B unit has been enhanced with a third choice, identified as 200 VOLT, to the PWRF
option. It forces the HLU to its 200 volt output level for all applications. The 130 volt output is
permanently suppressed. This 200 volt output is needed to provide a 200 volt source to power
remote equipment within the HiGain family (such as PCS remote radio parts) that require more
power than is normally available from the 130 volt HDSL line voltage. The ENA option should be
used for all other doubler and non-doubler applications. Note that the Unipolar/Bipolar switch
option S2, discussed in Section 6, applies to this 200 VOLT setting as it does to the normal ENA
setting.

1.6 As with all HLU option settings, the 200 volt setting can be selected from either the front panel
option setting procedure or from the System Settings screen of the maintenance terminal interface.
The message that identifies this setting on the front panel display is "200". On the System Settings
screen it is called "200 VOLTS". The selection procedure for it is the same as for all HiGain
options.

2. APPLICATIONS

2.1 The HiGain system provides a cost-effective, easy to deploy method for delivering T1 High Capacity
Digital Service (HCDS) over metallic pairs. The fiber-like quality service is deployed over two
unconditioned, non-loaded copper pairs. Conventional in-line T1 repeaters are not required. Cable
pair conditioning, pair separation and bridged tap removal are not required. The performance of the
List 7B is identical to that of the List 7D and is completely independent of whether or not the PWRF
option is set to ENA or 200V.

2.2 The general guidelines require that each loop have less than 35 dB of loss at 196 kHz, with 135 ohms
driving and terminating impedances. Table 1 provides a guide for the loss of various cable gauges
at 196 kHz and 135 ohms. The table applies to the HDSL cable pairs between the HLU, HRU and
HDU modules. Without specific insertion loss measurement data, add 3 dB for each bridged tap and
1 dB for each cable gauge change.

2.3 The HiGain system operates with any number of other T1, POTS, Digital Data Service (DDS) or
other HiGain systems sharing the same cable binder group. HiGain systems can be used with
customers requiring DS1 service on a temporary or permanent basis. The HiGain system also
provides a means of quickly deploying service in advance of fiber-optic transmission systems. With
the HiGain system, service can be provided within hours. Fiber optic systems can be installed at a
leisurely pace and cut-over from the installed HiGain system when convenient to do so. The
installed HiGain system can then be easily removed and utilized elsewhere.

HiGain Line Unit HLU-231 PairGain Engineering - Plant Series Page 3
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TABLE 1. HDSL LOSS OVER CABLES

Cable Gauge Loss at 196 kHz Ohms per kft
(db/kft)

26/0.4mm 3.88 83

24/0.51mm 2.84 52

22/0.61mm 2.18 32

19/0.91mm 1.54 16

3. FUNCTIONAL OPERATION

3.1

3.2

3.3

3.4

The HiGain system uses PairGain 2-Bit 1-Quartenary (2B1Q) HDSL transceiver systems to establish
two full-duplex 784 kbps data channels between the HLU-231 List 7B and a remotely mounted
HRU-412 HiGain Remote Unit. This provides a total capacity of 1.568 Mbps between the two units.

A block diagram of the HLU-231 List 7B is shown in Figure 2. The HiGain HLU-231 List 7B
receives a 1.544 Mbps DS1 data stream from the DSX-1 digital cross connect interface. The HLU-
231 List 7B contains a DS1 frame synchronizer controlled by an 8-bit microprocessor that
determines the type of framing on the DS1 stream and synchronizes to it. The HLU-231 List 7B
recognizes Super Frame (SF) (including D4) or Extended Super Frame (ESF) framing. When the
data is unframed, the HLU-231 List 7B arbitrarily defines a frame bit.

The HLU-231 List 7B contains a demultiplexer that generates two parallel 784 kbps data streams.
The data streams contain HDSL frames that are nominally 4704 bits (6 milliseconds) in length. The
HDSL frames contain a 14 bit Frame Sync Word (FSW), 6 bit Cyclic Redundancy Check (CRC), 21
bit operations channel and DS1 payload. The DS1 stream is separated into two parallel streams that
comprise the payloads of the HDSL channels. The HLU-231, List 7B, allocates the DSO time slots
according to the version of HRU-412 to which it is connected. Older version HRUs require the odd
DSO time slots allocated to channel 1 and the even DSO time slots to channel 2. Newer versions
allocated DSO time slots 1 through 12 to channel 1, and time slots 13 through 24 to channel 2. The 8
kbps frame bits of the DS1 stream are included on both HDSL channels. The two formatted HDSL
channels are passed to the HDSL transceivers which convert them to 2B1Q format on the HDSL
lines. The 2B1Q line code is designed to operate in a full-duplex mode on unconditioned pairs. The
transceiver echo canceler and adaptive equalizer receive the signal from the remote end in the
presence of impairments and noise on the copper pairs.

The received HDSL channels are processed by the transceiver and then passed on to the HLU-231
List 7B multiplexer module. The multiplexer provides frame synchronization for each of the two
HDSL channels. The multiplexer and HDSL transceivers work under control of the HLU-231 List

7B microprocessor and compensate for data inversions caused by tip-ring reversals and for channel
swaps caused by pair reversals. The HiGain system allows for tip-ring or pair reversals, but does not
tolerate split pairs. By synchronizing to the Frame Sync Word (FSW) of each channel, the
multiplexer can reconstruct the original 1.544 Mbps DS1 stream from the payloads of the two HDSL
channels. The CRC fields on the HDSL streams allow the HLU-231 List 7B to determine if errors
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are present on the channel due to excessive impairments on the HDSL pairs, or due to excessive
impulse or crosstalk noise.

3.5 The multiplexer removes data link messages from the HDSL channels and passes them to the
microprocessor. This mechanism allows operations messages and status to be exchanged between
the HLU-231 List 7B and the HRU-412 remote unit.

3.6 The reconstructed HDSL data channel is buffered in a first-in-first-out buffer (FIFO) within the
multiplexer. A frequency synthesizer in conjunction with the FIFO regulates the output bit rate and
reconstructs the DS1 clock at the exact rate received from the remote end. The HiGain system
operates at DS1 rates of 1.544 Mbps with up to £200 bps of offset.

3.7 A DSX-1 interface driver converts the DS1 channel to an Alternate Mark Inversion (AMI) or Binary
Eight Zero Substitution (B8ZS) format. The DSX-1 equalizer is programmable to five different
lengths as determined by the distance between the HLU-231 List 7B and the DSX-1 interface. This
provides CB-119 specification-compliant pulses at the DSX-1 interface over a range of 0-655 feet of
ABAM-specification cable.

3.8 The HLU-231 List 7B contains two separate power converters. The main power supply converts -48
VDC local battery to logic power for the HLU-231 List 7B circuits. The line power supply converts
the -48 VDC battery to an HDSL variable power supply that provides simplex power feed on the two
HDSL cable loops. The output voltage adjusts itself as a function of the demands made on it by
short loops without doublers (low voltage) or long loops with doublers (high voltage). The line
power supply can be turned on or off by the microprocessor and is automatically shut down in the
presence of line short circuits or microprocessor failure. A user switch option S2 allows the line
voltage to be set to a unipolar (0,-V) or a bipolar (£V/2) mode.

3.9 A female 9-pin (RS-232) DB-9), is provided on the front panel connector (see Figure 3). This
connector provides asynchronous access to the HiGain system maintenance, provisioning and
performance monitoring firmware. The port is configured as DCE with 8 data bits, 1 stop bit and no
parity. Operator interaction with the firmware is via an ASCII terminal or a Personal Computer with
asynchronous communication software. Pressing the keyboard's space bar several times enables the
HLU-231 List 7B to automatically match the terminal line baud rate, from 1200 to 9600 baud.

Figure 7 through Figure 14 show the menu selections available from the terminal for non-Doubler
applications, and Figure 16 through Figure 34 show the menu selections available from the terminal
for Doubler applications. Table 10 defines the various terms used in the non-Doubler System Status
Screen, and Table 21 defines the same terms for the Doubler System Status Screens.

HiGain Line Unit HLU-231 PairGain Engineering - Plant Series Page 5
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Figure 2. HLU-231, List 7B Block Diagram.PairGain’s HDSL technology provides full-duplex services at
standard T-1 rates over copper wires between an HLU and an HRU, which comprise one HiGain system.
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4. ALARMS
4.1 The normally open alarm contacts available across pins 20 & 21 (Figure 4) comprise the HLU-231
List 7B Minor Alarm output. These alarm contacts close for any of the alarm conditions listed
below. Since more than one alarm condition can exist at any given time but only one message can
be displayed, the alarms are listed as follows in their order of priorities. Only the highest priority
alarm is displayed if more than one alarm condition exists. The ALRM message precedes every
specific alarm condition display.
ALARM REASON
ALRM LOSW: Either HDSL loop loses sync.
ALRM LLOS: Loss of the HLU-231 List 7B DS1 input signal.
ALRM RLOS: Loss of HRU-412 DS1 input signal.
ALRM TLOS: The DS1 iput to a List 6 or 7 HRU-412, whose TLOS switgition has been enabled, is mpoésent
(LOS).
ALRM H1(2)ES: HDSL Lo@ 1 or Lo@ 2 has exceeded the 24 hour user-selected Errored-SeggitsRedundang
Check (CRC) threshold.
ALRM DS1: The total number of Bolar Violations (BPV) at the HLU-231 List 7B or HRU-412 Thins have
exceeded the 24-hour user-selected threshold.
ALRM MAL 1 (2): The magin on HDSL Lo@ 1 or Lo 2 has drpped below the minimum threshold value sgtie

terminal MARGIN ALARM THRES; as described in Section 5.

4.2

4.3

4.4

4.5

The HLU-231 List 7B STATUS LED flashes RED for the duration of a minor alarm condition. The
ALRM H1(2) ES, and ALRM DS1 alarms can both be inhibited by selecting NONE for the Errored
Seconds Alarm (ESAL) system option. See Section B Paragraph 5.3, and Section C Paragraph 5.5
for System Settings information. The MAL1(2) alarm can be disabled by setting the margin alarm
threshold to 0. A Minor Alarm can be retired by executing the Alarm Cut Off (ACO) option. This is
accomplished by pressing tB&L button on the front panel. This turns the alarm off and replaces

the “ALRM” message with theACO” message. The second part of the “ALRM” message, which
defines the cause of the alarm, remains. Both messages remain until the alarm condition clears or
another alarm occurs.

Note that when both HDSL loops lose sync word (LOSW), a minor alarm condition exists but
because the HLU-231 List 7B enters a self test cycling mode, the front panel LED lights yellow
instead of red and the “SELF TEST” message is displayed instead of the “ALRM” message.

Setting the ALM option to DIS only prevents the alarm relay from operating on a minor alarm event.
The STATUS LED still flashes red and the “ALRM” message is still displayed.

Whenever the on-board fuse opens, Pin 32 (FUSEALARM) is driven to -48 V through a 1000 ohm
resistor and the front panel STATUS LED turns red.

HiGain Line Unit HLU-231 PairGain Engineering - Plant Series Page 7
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4.6 The HLU-231 List 7B front panel STATUS LED shows the following status:
STATUS MEANING
GREEN Normal Operation.
FLASHING GREEN HDSL Acquisition.
RED FUSEALRM.

FLASHING RED

Minor Alarm (For conditions see Paragraph 4.2).

YELLOW

Self Test in process or an HLU-231 List 7B loopback in effect (CREM) or (NLOC)

FLASHING YELLOW

The HLU-231 List 7B is in an ARMED state.
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Figure 4. HLU-231, Card-Edge Connectorsthe active pins are highlighted in black.
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5. OPTIONS

51 The HLU-231 List 7B contains a non-volatile RAM (NVRAM) which stores the system option
settings. No dip-switches or jumpers are required to configure the HLU-231 List 7B. The options
are set via push-buttons on the front panel, or through the RS-232 interface. They are retained if
shelf power is lost or if the HLU-231 List 7B is unplugged. Table 2 lists the HLU-231 List 7B
option settings. Figure 10 and Figure 22 illustrate the same options on the HLU-231 List 7B non-
Doubler and Doubler System Settings Menu Screens, respectively. In the System Settings menu
(which is identical for both non-Doubler and Doubler applications) the settings shown represent the
factory default settings.

5.2 The SETUP MODE andSEL) momentary push-buttons are used to set the options from the HLU-
231 List 7B Front Panel. To initiate the OPTION SETTING mode, predd@ieE button at least
for one second, but less than three seconds, and release. The message displayed on the front panel
alternates between the first system parameter and its current setting. Pres3iighih#on steps
the display through all possible settings (one at a time) of the parameter being displayed. After the
desired setting has been selected, presSI®BE button. This updates the current displayed mode
to the setting selected, then selects the next configurable parameter. After the last parameter has
been selected, the display shows “CONF NO” (Confirm? (Yes/No)). M@BE button is now
pressed, none of the changed parameters are installed.SEthleutton is pressed, a “YES”
message is displayed and the selected changes are installed. In either case the display returns to its
normal mode. The display also returns to its normal mode, without installing any new changes, if
neither button is pressed for 30 seconds.

5.3 All 14 user options can be set to the factory default values by pressing the SEL button for six seconds
until the message: “DFLT NO” appears. To set the default values press the SEL button while the
“DFLT NO" message is displayed. “DFLT YES” will be displayed indicating the factory default
values are now in effect. To terminate the DFLT mode without setting the factory default values,
press the MODE button or do nothing for 30 seconds. The latter returns the display to its normal
state.

5.4 Pressing thtAODE button for three or more seconds causes the display to scroll through the HLU-
231 List 7B software version number, its List #, the type of frame pattern being received from the
DSX-1, and the line code setting of the HLU-231 List 7B, and all 14 option settings. The line code
parameter is the actual DS1 line code being received by the HLU-231 List 7B if the DS1 code
pattern is set to AUTO. Otherwise the line code parameter mimics either of the other two line code
settings, AMI or B8ZS.

5.5 The DS1 line code option should always be set to conform to the type of DS1 service, AMI or B8ZS,
being provided by the HiGain system. The AUTO mode, which can adapt to either AMI or B8ZS,
should only be used in applications that require it (such as when HiGain acts as a standby circuit to
DS1 circuits whose line codes are not known or may be both AMI and B8ZS) since it has the
following two limitations. The AUTO mode will induce one BPV in the DS1 bit stream whenever it
switches from AMI to B8ZS. The AUTO mode allows each HiGain end, HLU and HRU, to set its
DS1 mode to the code it is receiving at its local DS1 input port. This makes each unit's code
independent of the DS1 code being received at the distant DS1 input port. Thus, if the line codes
being received by HiGain are different in each of the two DS1 directions, the HiGain DS1 output
codes will not match their respective DS1 input codes at the other end. This could cause the

HiGain Line Unit HLU-231 PairGain Engineering - Plant Series Page 9
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customer’s received data to be AMI instead of B8ZS and thus violate the one’s density rules by
having excessive zeroes.

TABLE 2. HLU-231 LIST 7B SYSTEM OPTIONS

Mode Selection Description
EQL EXT* Replaces the internal equalizer with a 12 Mirive source for an external equalizer.
0 Sets the Equalizer to DSX-1 for 0-133 feet.
133 Sets the Equalizer to DSX-1 for 133-266 feet.
266 Sets the Equalizer to DSX-1 for 266-399 feet.
399 Sets the Equalizer to DSX-1 for 399-533 feet.
533 Sets the Equalizer to DSX-1 for 533-655 feet.
LBPK DIS Configures the HiGain system to ignore all in-band Smart-Jack loopback commands.
ENA* Enables the HiGain system to recognize all in-band Smart-Jack loopback commands.
SPLB GNLB* Configures the HiGain system to respond to the generic (3/4 in 7) in-band loopback codes.
AlLB & Configures the HiGainystem to regond to the Teltrend addressablpeater in-band
A2LB loopback codes.
A3LB Configures the HiGainystem to regond to the Wescom addressablpeaer in-band
loopback codes.
A4LB Configures the HiGainystem to regond to the Wescom Mod 1 addressabfeeter in-
band loopback codes.
A5LB Configures the HiGainystem to regond to the Teltrend Mod 1 addressableeer in-
band loopback codes.
PWRF DIS Disables powering to the HRU-412.
ENA* Enablespowering to the HRU-412. The optit voltage automaticayl agusts to -130V for
non-doubler applications and -200V for doubler applications.
200V Forces the HDSL siptexed line voltge to its hgher -200V ouput level for all geratirg
conditions.
ZBTS ON Tells the HiGain gstem that the ESF frame iparatirng in its Zero Bite Time Slot Interface

(ZBTSI) mode.

OFF* Tells the HiGain system that the ESF frame is operating in its normal non-ZBTSI mode.

Table continued on next page
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TABLE 2. HLU-231 LIST 7B SYSTEM OPTIONS (CONTINUED)

Mode Selection Description

ESAL 17 Activates (closes) the minor alarm ngleontacts omins 20 & 21 and flashes the red STATUS
LED when 17 Errored Seconds (ES) (17 HDStlic redundang check (CRC) errors on either
HDSL loop or a total of 17 BPVs) occur within a 24-hour period.

170 Activates (closes) the minor alarm setantacts ompins 20 & 21 and flashes the red STATUS
LED when 170 ES (170 HDSL CRC errors on either HDSIplooa total of 170 BPVs) occur
within a 24-hour period.

NONE* Prevents generation of a minor alarm due to excessive Errored Seconds.
LBTO NONE Disables automatic time-out cancellation of all loopbacks.
20 Sets automatic cancellation of all loopbacks to 20 minutes after initiation.
60* Sets automatic cancellation of all loopbacks to 60 minutes after initiation.
120 Sets automatic cancellation of all loopbacks to 120 minutes after initiation.
ALM DIs* O pens the minor alarm relaontacts if closed, and disables activation of the minor alarm rela
when a minor alarm condition occurs.
ENA Enables activation of the minor alarm relay when a minor alarm condition occurs.
DS1 AUTO The HLU-231 List 7B & HRU-412 indendenty monitor their incomig DS1 bit streams for

the Binay Eight Zero Substitution (B8Z)attern. If either unit detects thpgttern, it enters
its B8ZS mode. It reverts back to its Alternate Mark Inversion (AMI) mode if no B8ZS
patterns are received for five seconds.

B8ZS Places both the HLU-231 List 7B & HRU-412 into their B8ZS modes.
AMI* Places both the HLU-231 List 7B & HRU-412 into their AMI modes.
FRMG | AUTO* Configures the HiGainystem to perate in an auto-framin(AUTO) mode in which it

continuousy searches the jjut T1 bit stream for a valid SF or ESF frapatern. This feature
is required for fractional T1 pplications (DSO blockig) where it insureproper channel time
slot algnment. While the HiGainystem can alsprocess unframed data in this AUTO mode,
it is recommended that the unframed (UNFR) mode be used for all unfraplechions.

Using the AUTO mode for unframedaglications runs the risk of detecgjripseudo-valid”
frame sequences, which can affect the data integrity.

UNFR Configures the HiGainystem to perate in an unframed mode. This mode disables the auto
framing process and forces the HiGain system to function as a transparent bit pipe.

Table continued on next page
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TABLE 2. HLU-231 LIST 7B SYSTEM OPTIONS (CONTINUED)

Mode Selection Description

HAIS 2LP* Causes the HiGairystem to transmit the AlSgsial at both the HLU-231 List 7B & HRU-412
T1 output ports when both of the HDSL loops are not in sync (LOSW).

1LP Causes the HiGailystem to transmit the AlSgial at both the HLU-231 List 7B & HRU-412
T1 ouput ports when either of the two HDSL Ip®is not in gnc (LOSW) or if a MARGIn
alarm occurs.

SAIS ENA* Causes the List 6 & 7 HRU-412 to transmit the Algai towards the Customer Interface (Cl)
when in NREM or Smart-Jack loopback (see Figure 6).

DIS Causes the List 6 HRU-412 to transmit thgnal from the network towards the ClI & the List 7
HRU-412 to @en & terminate its RCV Qbort when an HRU NREM or Smart-Jack jpback

is executed. The AlSgial is disabled (towards the NI) and the netwogkai is transmitted
back to the network.

CONF YES Confirms that all twelve eratirg modes (listed above) are to hgdated to their current
selections.
NO* Prevents the most recepelected peratirg mode selections form bejrupdated. Thg

remain as they were before the system option settings mode was entered.

MAR Oto15dB The Main Alarm Threshold can onlbe set via the RS-232 maintenapoet with a terminal
G (Figure 10 for non-Doubler and dtire 22 for Doubler). It determines the minimum allowable
margin below which a minor alarm can occur.

4 dB* Default value
Mode Selection Description
DSO BLK The DSO blockig option can ory be set via the RS-232 maintenapoet with a terminal

(Figure 10 for non-Doubler anddtire 22 for Doubler). The 4-Character HLU-231 List 7B
front panel LED readout ogldisplays the status of the bloclgroption. BLK indicates at least
one channel is blocked.

NONE* NONE indicates no channels are blocked.

*Indicates HLU-231 List 7B factory default settings.
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5.6

5.7

5.8

5.9

5.10

5.11

5.12

The following three user options cannot only be set using a terminal: CIRCUIT ID, DSO
BLOCKING and MARGIN ALARM THRESHOLD.

The CIRCUIT ID option is set by choosing the “H” option from the terminal MAIN MENU Screen
shown in Figure 7 for non-Doubler applications and Figure 16 for Doubler applications. The
message “enter circuit ID # (24 characters max):” follows the “H” selection. Pn¢ssafter

entering the chosen set of alpha-numeric ID characters; cbtwseonfirm. Note if more than 24
characters are entered, a “Beep” is emitted and only the first 24 characters are accepted. The ID
appears in all HLU-231 List 7B screens as shown in Figures 8 - 14 for non-Doubler applications, and
Figures 16 - 34 for Doubler applications. The ID does not appear on the HRU-412 screens when the
maintenance port is accessed at the remote unit. Note that the Circuit ID is not set to its default (all
blanks) setting when the DFLT setting option is utilized (see paragraph 5.03).

From the MAIN MENU Screen, to set the DSO BLOCKING option, first péess select the

SYSTEMS SETTINGS MAIN MENU Screen. The menu shown in Figure 10 (for non-Doubler
applications) and Figure 22 (for Doubler applications) appears. B@sshown in parenthesis of

the DSO blocking selection. The DSO0 channels are blocked or unblocked by entering each channel
number. Multiple channels can be selected by inserting a space between each entry. After all the
new settings have been made, piegsr (“Exit”) and C (“Confirm”). The new choices are now
installed. If DSO blocking is invoked in a HiGain system that has an earlier version HRU-412 that
does not support the blocking option, blocking will only occur at the DS1 output of the HLU-231
List 7B. The HRU-412 DS1 output will not be blocked. Also, all blocked channels are temporarily
“unblocked” for all HiGain system loopback tests. This allows the standard full bandwidth T1
loopback tests to be performed.

To set the MARGIN ALARM THRESHOLD select “G” from the SYSTEM SETTINGS MAIN

MENU Screen. Enter the desired minimum acceptable alarm threshold from the 0 to 15 dB range.
This causes a minor alarm to occur (Section 4) if either the margin on HDSL loop 1 (MALL1) or loop
2 (MAL2) dropsbelowthe selected threshold value. Since the margin can never drop below 0,
choosing “0” for the margin threshold turns the margin alarm off.

Other system settings are set using a terminal in a similar manner. Enter the key represented by the
letter in parenthesis of the parameter to be changed. Each entry of this letter scrolls the parameter to
its next value. After all selections have been made, [Eé¢ssEXit” and C to “Confirm” the

changes. This activates the new choices and returns control to the MAIN MENU Screen.

The new T1 transceiver chip in the List 7B allows the unit to process both B8ZS and AMI code
inputs, regardless of the DS1 code setting (AMI or B8ZS). Earlier units caused input BPV, if B8ZS
patterns were processed while in the AMI mode. When the newer units are in the AMI mode, they
can receive B8ZS but can only transmit AMI. For this reason, mixed systems (those consisting of
both List 7B and older List 1, 2, 3, 3A & 4) units will respond differently in each direction for B8ZS
inputs when in their AMI modes.

The SELF-TEST mode that occurs when both HDSL loops are not in sync has been enhanced to
include the input DS1 transceiver chip in the self test procedure. This process can cause the AIS
pattern, that is normally transmitted from the HLU-231 List 7B during these out of sync intervals, to
exhibit occasional BPVs.
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5.13

5.14

5.15

The HAIS option provides two selections for the T1 transmit outputs at both the HLU-231 List 7B &
HRU-412 for HDSL loss of sync conditions. The “1LP” selection causes the AlS pattern to be
transmitted at both T1 outputs when either of the two HDSL loops experience an out of sync
(LOSW) condition or when a margin alarm occurs. This choice causes the 12 channels on the
surviving loop to be lost as they are replaced by the AIS pattern. However it does allow both down
& upstream equipment to be made aware of the loss of one HDSL loop or a loop with low margin.
This is the preferred setting to be able to initiate an AlS state with just one conductor open in either
of the HDSL pairs. Short loops, below about 16 dB of loss at 200 kHz, can remain in sync with one
conductor open. Since the loop is still in sync, no LOSW condition occurs. However, the margin on
a one conductor loop drops from 5 to 10 dB. Thus if the Margin alarm is set to 5 dB below the
normal margin at turn-up, when one conductor does open, a minor alarm occurs and causes the AIS
condition. This alerts the maintenance personnel of the problem. The “2LP” choice requires both
HDSL loops to be out of sync (LOSW) before the AIS signal is transmitted. This choice preserves
the integrity of the 12 surviving channels when just one loop is lost.

All user options that affect the operation in both the HLU-231 List 7B & HRU-412, such as HAIS,
SAIS & DSO0 blocking, are not available in older versions of the HRU-412, List 1, 2, 3, 3A and 4,
that do not support these newer options.

The PairGain HCS-417 & 418 shelves and some 220-configuration shelves deployed in remote
cabinets do not have external equalizers. Therefore, the EXT EQL option may not be used in these
applications.

LOCATION OF HDSL LINE VOLTAGE SWITCH S2

R :

BIP (+)
UNI ()

PARGAIN PARGAIN

=t
R39 5
U

Figure 5. HDSL Line Voltage Switch S2.
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6. HDSL LINE VOLTAGE OPTION

6.1 The symmetry of the HDSL line powering voltage can be set by the S2 switch, located on the printed
circuit board, as shown in Figure 5.

6.2 The factory default setting is Unipolar (-). It sets the HDSL line voltage to 0 V on loop 2 and to
either -130 V (for non-doubler applications) or -200 V (for doubler applications) on loop 1. This
setting keeps the HDSL cable pair voltage at or below ground potential, thereby avoiding corrosion
problems caused by cable voltages more positive than ground.

6.3 The bipolar selection sets the HDSL line voltage to +65 V on loop 2 and -65 V on loop 1, for non-
doubler applications. Doubler applications will have +100 V on loop 2 and -100 V on loop 1. This
setting reduces the maximum ground referenced voltage to 100 V, but applies positive voltage to the
cable pairs, which could accelerate corrosion on the cable pairs.

6.4 Setting the PWRF option to 200V forces the HDSL line voltage to the higher -200V (Unipolar) or
+100V (Bipolar) for all operating conditions.

6.5 The line voltage power supply, used for both options, is ground referenced, but also ground isolated
by 200 kohms. This ground isolation reduces problems due to induced noise currents and large surge
voltages, which are ground referenced. It also reduces ground fault currents, which improves the
product’s safety. The safety issue thus depends solely on the differential voltage across loop 1 and
loop 2, and is independent of S2's setting.

7. NETWORK MANAGEMENT

7.1 The HLU-231, List 7B has a Network Management Control Bus available on pin 46. This allows the
7B to be managed by various PairGain Management System protocols through the HMU-319
common control card.

8. INSTALLATION

8.1 Upon receipt of the equipment, visually inspect it for signs of damage. If the equipment has been
damaged in transit, immediately report the extent of damage to the transportation company and to
PairGain Technologies.

8.2 The HLU-231 List 7B mounts in a 220-configuration Office Repeater Bay (ORB) shelf or equivalent
Small Cross Section Shelf (SXSS), Kentrox T-Term, Wescom 342-30 shelves, or PairGain HLS-410
(19" or HLS-419 (23"). The HLU-231 List 7B slot pin-outs are shown in Figure 4.

8.3 The ALM option must be disabled (DIS) when using the Kentrox 220 T-Term shelf. This is required
to resolve a conflict between the HLU alarm relay output and the Kentrox external equalizer output.
Both use the same pins, 20 and 21.

8.4 If the burn-in pin 23 is used in the user's shelf, R39, shown in Figure 5, must be removed to
disconnect the HLU's burn-in circuit from this backplane pin to avoid performance disruption.
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9. SPECIFICATIONS

HDSL Line Code

784 kbps 2B1Q.

HDSL Output

+13.5 dBm 0.5 dB at 135 ohms.

HDSL Line Impedance

135 ohms.

Maximum Provisioning Loss

35 dB at 196 kHz,135 ohms.

Line Clock rate

Internal “Stratum 4” clock.

HDSL Start-up Time

30 seconds (typical), 60 seconds (maximum) per span.

One-way DS1 Delay

<220 microseconds per span.

DSX-1 Line Impedance

100 ohms.

DSX-1 Pulse Output

12y, for EXTERNAL equalizer or pre-equalized for 0-655 feet of ABAM-
specification cable.

DSX-1 Input Level

+1.5to -7.5 dBDSX.

DS1 Line Rate

1.544 Mbps +200 bps.

DS1 Line Format

AMI, B8ZS or ZBTSI.

DS1 Frame Format

ESF, SF or UNFR.

Maximum Power Consumption

18 Watts (without Doubler); 35 Watts (with Doubler).

Maximum Heat Dissipation

8 Watts (without Doubler); 12.5 Watts (with Doubler).

Fusing

Internal; connected t6EYUSE-ALARM” output on pin 32.

HDSL Span Voltage

-130 to -210 VDC.

Margin Indicator

Displays HDSL span SNR margin for both HDSL spans relative’ tBER
operation.

Electrical Protection

Secondary surge protection on DS1 & HDSL ports. Power cross protection on
HDSL ports.

Operating Temperature

-460 +149 F (-40 to +65 C)

Operating Humidity

5 to 95% (non-condensing)

Mounting AT&T 220-configuration or equivalent.
Dimensions
Height: 5.9 inch (15 cm)
Width: 1.4 inch (3.5 cm)
Depth: 10 inch (25.4 cm)
Weight 11b. 14 oz.
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10. CERTIFICATION

10.1 FCC compliance: The HLU-231 List 7B was tested and found to comply with the limits for Class A
digital devices, pursuant to Part 15 of the FCC Rules. These limits are designed to provide
reasonable protection against harmful interference when the equipment is operated in a commercial
environment. This equipment generates, uses and can radiate radio frequency energy and, if not
installed and used in accordance with the instruction manual, may cause harmful interference to
radio communications. Operation of this equipment in a residential area is likely to cause electrical
interference in which case the user will be required to correct the interference at his own expense.

11. WARRANTY

111 PairGain Technologies warrants this product to be free of defects and to be fully functional for a
period of sixty (60) months from the date of original shipment, given proper installation. PairGain
will repair or replace any unit without cost during this period if the unit is found to be defective for
any reason other than abuse, improper use, or installation.

11.2 This module should not be field repaired. If it fails, replace it with another unit and return the faulty
unit to PairGain for repair. Any modifications of the unit by anyone other than an authorized
PairGain representative voids the warranty.

11.3 If a unit needs repair, call PairGain for a Return Material Authorization (RMA) number and return
the defective unit, freight prepaid, along with a brief description of the problem, to:

PairGain Technologies, Inc.
2120 Ritchey St.

Santa Ana, CA 92705-5101
ATTN.: Customer Repair Facility
(714) 832-9922

(800) 638-0031
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B. APPLICATIONS WITHOUT USING HIGAIN DOUBLERS

1. GENERAL

14 This section addresses HLU-231 List 7B operation when used without doublers. For applications
without Doublers, the HLU-231 List 7B is directly connected to the HRU-412 by the two cable pairs.

2. POWER CONSUMPTION

21 The three most important power demands of an HLU-231 List 7B on the shelf power supply are its
maximum power consumption, its maximum power dissipation and its maximum current drain.
These three parameters for the HLU-231 List 7B, on a per slot and per shelf basis, are as follows:

POWER DISTRIBUTION PER SLOT PER SHELF
Maximum Power Dissipation: 7.0 Watts 91 Watts
Maximum Power Consumption: 16 Watts 208 Watts
Maximum Current Drain: 0.4 Amps 5.2 Amps

=] The worst case conditions under which these parameters were measured

% include a 9,000 ft., AWG 26 loop, 60 mA of Customer Premier Equipment (CPE)
current, a fully loaded 13 slot shelf, and a -42.5 V shelf battery voltage with
HLU-231, 4-character display “OFF".

2.2 The Maximum Power Dissipation measures the power that is converted into heat build up within the
unit. It contributes to the total heat generated in the space around the unit. It is used to determine
the maximum number of fully loaded shelves per bay that does not exceed the maximum allowable
power dissipation density in Watts/sq. ft.

2.3 In Central Office locations, the maximum power dissipation for open faced, natural convection
cooled mountings is limited to 120 Watts/sq. ft. per Section 4.2.3 of the NEBS standard TR-NWT-
000063. The footprint of a standard 13 slot 23" HLU-231 List 7B shelf is 7.024 sqg. ft. Thus the
maximum bay dissipation is limited to 8 40 Watts. At 91 Watts per shelf, this limits the number of
fully loaded HLU-231 List 7B shelves to 9 per bay. Note that this is a worst case situation in that it
assumes the entire Central Office is subjected to the maximum power density. Conditions other than
these worst case ones would permit increasing the number of shelves per bay without jeopardizing
the CO thermal integrity.

2.4 The thermal loading limitations imposed when using the HLU-231 List 7B in Controlled
Environmental Vault (CEV) or other enclosures are determined by applying the HLU-231 List 7B's
power parameters to the manufacturer's requirements for each specific housing.
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25 The Maximum Power Consumption is the total power that the HLU-231 List 7B consumes or draws
from its -48 V shelf power source. This parameter is needed when the 231 is located remote to its
serving CO. It determines the battery capacity required to maintain an 8 hour stand-by battery
reserve for emergency situations. It thus limits the maximum number of plugs per line units remote
enclosure. Use the above data to perform this analysis on a case by case basis.

2.6 The Maximum Current Drain is the maximum current drawn from the shelf power supply when it is
at its minimum voltage (-42.5 V). This determines the shelf fusing requirements. HLU-231 List 7B
shelves are fused at 10 A. A fully loaded shelf of 13 HLU-231s draws 5.2 A in the worst case. This
is well within the 10 A fuse limit.

3. LOOPBACK OPERATION

3.1 The HiGain system has a family of loopback options. The most important of these is the “Smart-
Jack” loopback which enables the HRU-412 to respond to the standard (2/3 in 5) Smart-Jack in-band
loopback codes and thus emulate the functions of a standard Network Interface Device (NID). This
option can be enabled or disabled from either the front panel buttons or the terminal SYSTEM
SETTINGS MENU.

3.2 In addition to the Smart-Jack loopback, the HiGain system can be configured for one of five special
in-band loopback (“SPLB”) command sequences. These are selected from the SPLB user option
shown in Table 2 and Figure 11 (non-Doubler applications). The non-Doubler loopback locations
are shown in Figure 6.

3.3 “GNLB” is the HiGain system Generic loopback code. The GNLB allows in-band codes to loop-up
either the HLU/NLOC (4 in 7) or HRU/NREM (3 in 7) towards the network. In addition, it allows
in-band codes to loop-up the HLU/CREM (6 in 7) or HRU/CLOC (5 in 7) towards the customer.
Either loop-up condition is terminated (looped-down) with the 3 in 5 loop-down code. Both in-band
codes must be present for 5 seconds before the HiGain system responds. Table 3 lists the test
procedures that apply when using the GNLB mode.

3.4 The A1LB loopback selection, Table 4, complies with that proposed for HDSL systems in the
T1E1.4/92 recommendation with the following additions:

Query loopback

IOR (Intelligent Office Repeater) power-down

Three loopback time-out choices

Initiation from either end

Repeating bit error signatures

Alternate query loopback

These additions make A1LB identical to A2LB described below. It is given a separate identity to
allow future T1/E1 enhancements to be added without affecting A2LB.

35 A2LB through A5LB are four special addressable repeater loopback functions which are supported
by the List 7B version of the HiGain system. These loopbacks provide the HiGain system with
sophisticated maintenance and trouble shooting tools. Table 5 through Table 8 list the details of
these SPLB functions. A2LB & A5LB are patterned after the Teltrend addressable T1 repeater
loopbacks. A3LB & A4LB are patterned after the Wescom addressable T1 repeater loopbacks. All
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four SPLBs have been enhanced to handle the specific requirements of the following HiGain system
customers:

A2LB (Teltrend) = Southwestern Bell

A3LB (Wescom) = New England Telephone

A4LB (Wescom Mod 1) = New York Telephone

A5LB (Teltrend Mod 1) = Southern New England Telephone (SNET)

3.6 A5LB differs from A2LB in that A5LB does not block the arming code from exiting the HLU-231
List 7B into the network. A2LB can be configured to either block this arming code after two
seconds, and replace it with the AIS code, or to unblock it by executing the FAR-END ACTIVATE
code. Since A5LB never blocks the arming code from exiting the HLU-231 List 7B, it does not need
this FAR-END ACTIVATE code. A3LB differs from A4LB in that A3LB supports the additional (1
in 6) Smart-Jack loopback command.

3.7 When T1 loopback tests are performed on the HiGain system with metallic loopback connections at
either end, the DS1 code that exists at the metallic loopback interface may be different from the DS1
code being received at the opposite end when the DS1 user code is set to AUTO. This is caused by
the fact that in the AUTO DS1 code mode, the HLU-231 List 7B & HRU-412 set their own code
independent of each other. Each end sets its transmit code to match its receive code. Thus if one
end is receiving AMI and the other B8ZS, their codes are different. For example, if the HRU-412
has a metallic loopback and the HLU-231 List 7B receive pattern code is changed from AMI to
B8ZS and then the all “0” pattern is sent into the HLU-231 List 7B, the HLU-231 List 7B changes to
its BBZS mode while the HRU-412 remains in its AMI mode and thus loops all “0”. This causes the
HRU-412 to indicate a LOS condition which causes the HLU-231 List 7B to output the AIS pattern.

3.8 The HiGain system may take longer than normal to respond to in-band loopback commands when its
framing mode is set to UNFR and the in-band commands are sent in either an SF or ESF mode. The
frame bits override the command bits and cause errors in the command sequence. These errors cause
the HiGain system to reject some sequences. This can extend the detection interval.

3.9 Pressing both th®IODE andSEL push-buttons on the front panel for at least three seconds initiates
a MANUAL loopback session. This session allows the us8Etoone of four HiGain system
loopbacks. The message, “MAN LPBK?”, appears on the front panel display followed by the
message “NLO?". If th&EL push-button is now pressed, an “NLOC” loopback is executed and the
message changes from “NLO?” to “NLOC". If tNeODE button is pressed instead of tBEL
push-button, “NLO?" is replaced by “NRE?". This now allows an ‘NREM'’ loopback to be executed
with the SEL push-button. Pressing the MODE push-button two more times yields the CRE and
CLO loopback options in the sequence listed. This interactive push-button procedure permits any of
the four HiGain loopbacks to be executed/activated. The next loopback option can be presented by
pressing the MODE push-button however, the previously executed loopback will remain active until
the SEL push-button is pressed and a different loopback is activated. If neither push-button is
pressed for a period of 30 seconds and no loopback is in effect, the manual loopback session
terminates and the normal margin displays reappear. If any loopback is in effect, the 30-second
time-out is inhibited. The active loopback and the manual loopback session continue until the
loopback times out in accordance with the user selected LBTO setting. Only one loopback can exist
at any given time. Pressing both push-buttons, again for three seconds, terminates any active
loopback, ends the MANUAL loopback session and returns the display to normal mode. Note that
these same loopbacks can be initiated from the RS-232 maintenance port by choosing the
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LOOPBACK MODE, option D, from the MAIN MENU. This displays the Loopback Menu (Figure
11), from which any of the loopbacks can be initiated/terminated.

4. TESTING

4.1 Table 3 through Table 8 provide step-by-step test procedures for the HLU-231 List 7B as a function
of the loopback option selected. These procedures allow verification of the integrity of the HDSL
channels at every module location as well as the DS1 channels to the customer and the local DSX-1
interface.

4.2 The HLU-231 List 7B 4-character front panel display has many useful system diagnostic messages.
They are listed in Table 9. This display turns on when power is initially applied to the HLU-231 List
7B. To conserve power, the display only remains on for five minutes if neitheiQBE or SEL
buttons are pressed. The use of either button activates the 4-character display and restarts the 5-
minute power-control timer.

4.3 If trouble is encountered on the HLU-231 List 7B DSX-1 interface, verify that the HLU-231 List 7B
is making a positive connection with its mounting assembly (shelf) connector. Also, verify that the
HLU-231 List 7B internal equalizer is set to TEXT for driving the external equalizer or to the correct
distance range per Table 2 for external equalization. All installations should be set to the largest
distance range value that does not exceed the distance from the DSX-1 to the shelf.

4.4 The transmit and receive T1 DSX-1 ports have splitting access and bridging miniature 210-series
jacks as shown in Figure 2. Connecting one cable between the two bridging jacks and another
between the two SPAN jacks splits the XMT and RCV and creates metallic loopbacks towards both
the DSX-1 and the HLU-231 List 7B. If plugs are inserted into both SPAN jacks, the BRG jacks can
be used to send and receive test patterns towards the DSX-1.
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HRU-412 AlS
HLU-231 HDSL LOGIC_)
TLOS
HRU-412 AlS
HLU-231 HDSL 3n 7)
NREM
DSX-1
LOOPBACKS
TOWARDS | HRU-412 Alg**
HLU-231 HDSL 2ins)
NETWORK SMJK*
DSX-1
DSX-1 HLU-231 AIS Cl
4in7) HDSL HRU-412
NLOC
DSX-1
AlS  |HLU-231
(6in7 HDSL HRU-412 LOOPBACKS
DSX-1 CREM
TOWARDS
AlS HRU-412 CUSTOMER
HLU-231 HDSL (5in7
Cloc
DSX-1
* The Smart-Jack loopback is a metallic loopback in the HRU List 6 & 7.
It is a logic loopback in all HRU of Lists 1 - 5.
** Set the SAIS option to ENA to send the AIS pattern to the CI during 1047
Smart-Jack Loopback.

Figure 6. HLU-231 non-Doubler Loopback ConfigurationsThe most important of the HiGain family of
loopback options is the Smart-Jack loopback, which emulates the functions of a standard NID.
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TABLE 3. HLU-231 GNLB TEST PROCEDURES

Step Action

1 Have the CO tester send the HRU-412 (3 in 7) in-bar@ipaode for five seconds. Observe that the HLU-
231 List 7B displays the “NREM” message indicating an HRU loopback is in effect (Figure 6).

2 Have the CO tester transmit a T1 teghal into the HLU-231 List 7B and veyithat the returned (Iged)
signal is error free.

3 If the above test fails, have the CO tester transmit the (3 in 5) in-bgmddam code. Verif that the HLU-
231 List 7B display returns to normal.

4 Have the CO tester send the HLU-231 List 7B (4 in 7) in-bar@updor five seconds. Observe that the
HLU-231 List 7B displays theNLOC” message indicating an HLU-231 List 7B loopback is in effect.

5 Repeat Stp 2. If the tespasses, thproblem is in the cablpair or the HRU-412. If it fails, thproblem is in
the CO equipment.

6 The NREM, NLOC, CREM and CLOC lpbacks can also be initiated from the frpahel of the HLU-231
List 7B with the MODE and SEL push-buttons (Section B Paragraph 3.09).

7 The HLU-231 List 7B can be Iped-ip from the remote location (CREMYbssuirg the (6 in 7) command at
the HRU-412 DS1 input port.

8 The HRU-412 can be Iped-ip from the remote location (CLOCYhssuirg the (5 in 7) command at the
HRU-412 DS1 input port.

Note 1

When T1 loopback tests are performed on the HiGain system with metallic loopback connections at either end, the DS1 code
that occurs at the metallic loopback interface may be different from the DS1 code being received at the opposite end when
the DS1 user code is set to AUTO. For example, if the HRU-412 has a metallic loopback and the HLU-231 List 7B receive
pattern code is changed from AMI to B8ZS and then the all “0” pattern is sent into the HLU-231 List 7B, the HRU-412
remains in its AMI mode and thus loops all “0”. This causes the HRU-412 to indicate a LOS condition which then causes
the HLU-231 List 7B to output the AIS pattern.

Note 2

The HiGain system may take longer than normal to respond to in-band commands when its framing mode is set to UNFR and
the in-band commands are sent in either an SF or ESF mode. The frame bits override the command bits and cause errors in
the command sequence. These errors cause the HiGain system to reject some sequences. This can extend the detection
interval.
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TABLE 4. HLU-231 A1LB TEST PROCEDURES

Step

Action

1

Send into the HLU-231 List 7B the in-band ARMING and NI LPBK code 11000 for at least five seconds, or at
least four reetitions of the 16-bit ESF Data Link ARMING code 1111 1111 0100 1000 (FF48). (Left bit arrives
first)

Monitor the ouput of the HLU-231 List 7B for the return of tipattern. Return gpattern indicates that either
the HRU-412 has |qmed-p (if the SMART-JACK LOOPBACK gtion is ENABLED) or that an external NI has
looped p (if the SMART-JACK LOOPBACK gtion is DISABLED) and that the HLU-231 List 7B and HRU-
412 units have been ARMED. Vegyithat the HLU-231 List 7B dgay intermittenty indicates “ARM” and

also “SMJK” if the HRU-412 is in lggback. Also veriy, if possible, that the LOOPBACK LED of the HRU-
412 is flashig, indicatirg that the HRU-412 is armed or that ghis steady, indicatirg that it is both armed
and in loopback.

Once armed the HLU-231 List 7B can beged back (NLOC in Fjure 6) ly sendimy Intelligent Office
Repeater (IOR) LPBK activation code 1101 0011 1101 0011 (D3D3) for at least five seconds. The tester
observes the following activation response:

» Two seconds of AIS (all ones), followed by:
» Five seconds of returning data pattern, followed by:

» 231 Iggic errors (includig the frame bit) occur in the returnpdttern (20 errors if ILR-2 were sent),
followed by:

¢ Normal logped data. Note that this erngattern will repeat evey 20 seconds as Igras the IOR lopback
pattern is beig sent. This same 20 secongeat scenario alsgglies to ILR, Time-Out Override and
Query commands.

The HiGain Line Unit is now in Lgic Loopback (NLOC of Fgure 6). The diglay on the HLU-231 List 7B
periodically shows NLOC (network local Ig) and ARM (the HLU-231 List 7B is still armed) in addition to the
mamin displays. The Lopback Time-out ption, which is user settable to NONE, 20, 60 or 120 minutes,
determines the duration of this fdmack unless it is overriddery the TIME-OUT OVERRIDE command or a
loop down command is sent. If the Time-out Override code 1101 0101 1101 0110 (D5D6) is received, the
“activation sguence” described in “3” above ispeated and the automatic timedpgation of the logback is
inhibited. If this Time-out Override is sent, then theyomby to logp the HLU-231 List 7B down is to issue the
IR (Intelligent Repeater) LPDN (lop-down) code 1001 0011 1001 0011 (9393) or to issue the NI LPDN and
Disarm code 11100. The automatic time-out timer is restored during subsequent loopback sessions.

Upon conpletion, the tester sends IOR LPDN code 1001 0011 1001 0011 (9393ptddem the HLU-231
List 7B. The unit remains armed however, as indicajeth® ARM messge on the HLU-231 List 7B and the
flashing of the HRU-412 LOOPBACK LED.

TABLE CONTINUED ON NEXT PAGE
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TABLE 4. TEST PROCEDURES FOR A1LB OPTION (CONTINUED)

Step Action

5 Usirg the following codes, a network tester can activateplmrks NLOC or NREM or SMJK (if enabled)
shown in Figure 6. A customer tester can activate loopbacks CLOC or CREM.

ADDRESSABLE 1 (A1LB) REPEATER LOOPBACK COMMANDS
ARMING or NI LPBK (in-band) Arming code 11000 11000 ...
ARMING or NI LPBK (ESF Data Link) Arming code 1111(F)*1111(F)0100(4)1000(8)
IR LPDN or DISARM (in-band) Disarming code 11100 11100 ...
DISARM (ESF Data Link) Disarming code 1111(F)1111(F)0010(2)0100(4)
IOR LPBK HLU Loop up 1101(D)0011(3)1101(D)0011(3)
(NLOC & CREM 231 errors)
ILR-2 LPBK HRU Loop up 1100(C)0111(7)0100(4)0010(2)
(NREM & CLOC 20 bit errors)
IR LPDN Loop down 1001(9)0011(3)1001(9)0011(3)
(HLU or HRU)
IR QUERY LPBK Query loopback 1101(D)0101(5)1101(D)0101(5)
IR ALTERNATE QUERY LPBK Alternate Qugr 1101(D)0101(5)1110(E)1010(A)
loopback
TIME-OUT OVERRIDE Logback Time- | 1101(D)0101(5)1101(D)0110(6)
out Override
FAR END NI ACTIVATE Unblock AIS & 1100(C)0101(5)0101(5)0100(4)
pass 2in5
IOR POWER DOWN (HLU) Removes HDSL | 0110(6)0111(7)0110(6)0111(7)
line power
Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a random
10° Bit Error Ratio (BER) on the facility. The IOR POWER DOWN code must remain present for the
duration of the power down mode. When this code is removed, the HiGain system returns to its normal
unlooped and unarmed state. This is the HEX number for the 4-bit group.

6 After testirg is conplete, send the universal Ipdown [IR (Intelligent Rgeater) LPDN] code if theystem is to
loopdown but remain ARMED. Send the disarm code 11100 if allghgment is to be loped down,
disarmed and returned to normakeoation. Note that the ARMED mode has an automatic time-out of 120
minutes but this timer is reset to 120 foy ari the followirg events: a) Lopback terminates (manuglor time-
out), b) Query, c) Alternate query, d) Far end activate, and €) Another ARM command.

7 All of the above lopbacks can also be initiated from the frpanel of the HLU-231 List 7B with th®lODE
andSEL push-buttons (Section B Paragraph 3.09).
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TABLE 5. HLU-231 A2LB TEST PROCEDURES

Step

Action

1

Send into the HLU-231 List 7B the in-band ARMING and NI LPBK code 11000 for at least five seconds, or at
least four reetitions of the 16-bit ESF Data Link ARMING code 1111 1111 0100 1000 (FF48). (Left bit
arrive first)

Monitor the ouput of the HLU-231 List 7B for the return of tipattern. Return gbattern indicates that
either the HRU-412 has lped-p (if the SMART-JACK LOOPBACK gtion is ENABLED) or that an
external NI has loged p (if the SMART-JACK LOOPBACK gtion is DISABLED) and that the HLU-231
List 7B and HRU-412 units have been ARMED. Vetifiat the HLU-231 List 7B dgay intermittenty
indicates ARM” and also “SMJK” if the HRU-412 is in I@back. Also veriy, if possible, that the
LOOPBACK LED of the HRU-412 is flashgp indicatirg that the HRU-412 is armed or that gHis steady,
indicating that it is both armed and in loopback.

Once armed the HLU-231 List 7B can beded back (NLOC in Fjure 6) ly sendirg IOR LPBK activation
code 1101 0011 1101 0011(D3D3) for at least five seconds. The tester observes thegfalitivédtion
response:

¢ Two seconds of AIS (all ones), followed by:
¢ Five seconds of returning data pattern, followed by:

e 231 lagic errors (includig the frame bit) occur in the returnpdttern (10 errors if ILR-1 were sent),
followed by:

¢ Normal logped data. Note that this erngattern will repeat evey 20 seconds as Igras the IOR lopback
pattern is beig sent. This same 20 secongeat scenario alsgglies to ILR, Time-Out Override and
Query commands.

The HiGain Line Unit is now in Lgic Loopback (NLOC of Fgure 6). The diglay on the HLU-231 List 7B
periodically shows NLOC (network local Ig) and ARM (the HLU-231 List 7B is still armed) in addition to
the magin displays. The Logback Time-out ption, which is user settable to NONE, 20, 60 or 120 minutes,
determines the duration of this fdmack unless it is overriddery the TIME-OUT OVERRIDE command or a
loop down command is sent. If the Time-out Override code 1101 0101 1101 0110 (D5D6) is received, the
“activation sguence” described in “3” above ispeated and the automatic timedpgation of the logback

is inhibited. If this Time-out Override is sent, then theyomély to logp the HLU-231 List 7B down is to

issue the IR (Inteljent Rgeater) LPDN (lop-down) code 1001 0011 1001 0011 (9393) or to issue the NI
LPDN and Disarm code 11100. The automatic time-out timer is restored dubsguent logback

sessions.

Upon conpletion, the tester sends IOR LPDN code 1001 0011 1001 0011 (9393ptddem the HLU-231
List 7B. The unit remains armed however, as indicajeth® ARM messge on the HLU-231 List 7B and the
flashing of the HRU-412 LOOPBACK LED.

TABLE CONTINUED ON NEXT PAGE
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TABLE 5. HLU-231 A2LB TEST PROCEDURES (CONTINUED)

Step Action

5 Usirg the following codes, a network tester can activateplmrks NLOC or NREM or SMJK (if enabled)
shown in Figure 6. A customer tester can activate loopbacks CLOC or CREM.

ADDRESSABLE 2 (A2LB) REPEATER LOOPBACK COMMANDS
ARMING or NI LPBK (in-band) Arming code 11000 11000 ...
ARMING or NI LPBK (ESF Data Link) Arming code 1111(F)*1111(F)0100(4)1000(8)
IR LPDN or DISARM (in-band) Disarming code 11100 11100 ...
DISARM (ESF Data Link) Disarming code 1111(F)1111(F)0010(2)0100(4)
IOR LPBK (NLOC & CREM 231 errors) | HLU Loop up 1101(D)0011(3)1101(D)0011(3)
ILR-2 LPBK HRU Loop up 1100(C)0111(7)0100(4)0010(2)
(NREM & CLOC 20 bit errors)
IR LPDN Loop down 1001(9)0011(3)1001(9)0011(3)
(HLU or HRU)
IR QUERY LPBK Query loopback 1101(D)0101(5)1101(D)0101(5)
IR ALTERNATE QUERY LPBK Alternate Qugr 1101(D)0101(5)1110(E)1010(A)
loopback
TIME-OUT OVERRIDE Logback Time- | 1101(D)0101(5)1101(D)0110(6)
out Override
FAR END NI ACTIVATE Unblock AIS & 1100(C)0101(5)0101(5)0100(4)
pass2in5
IOR POWER DOWN (HLU) Removes HDSL | 0110(6)0111(7)0110(6)0111(7)
line power
Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a random
10° Bit Error Ratio (BER) on the facility. The IOR POWER DOWN code must remain present for the
duration of the power down mode. When this code is removed, the HiGain system returns to its normal
unlooped and unarmed state. This is the HEX number for the 4-bit group.

6 After testirg is conplete, send the universal Ipdown [IR (Intelligent Rgeater) LPDN] code if theystem is to
loopdown but remain ARMED. Send the disarm code 11100 if allghpment is to be loped down,
disarmed and returned to normakeoation. Note that the ARMED mode has an automatic time-out of 120
minutes but this timer is reset to 120 foy ari the followirg events: a) Lopback terminates (manuglbr time-
out), b) Query, c) Alternate query, d) Far end activate, and e) Another ARM command.

7 All of the above lopbacks can also be initiated from the frpanel of the HLU-231 List 7B with th®lODE

andSEL push-buttons (Section B Paragraph 3.09).
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TABLE 6. HLU-231 A3LB TEST PROCEDURES

Step

Action

1

The HiGain Line Unit can be Iped back (NLOC in Fjure 6) ly sending the Addressable Office Reater

(AOR) LPBK activation code 1111(F) 1111(F) 0001(1) 1110(E) for at least five seconds. This causes the HLU-
231 List 7B to enter its NLOC state shown igiltie 6. The diglay on the HLU-231 List 7B alternates between
NLOC (network local lop) and the magin displays. The Lopback Time-out ption, which is user settable to
NONE, 20, 60 or 120 minutes, determines the duration of thpblmk unless it is overriddery Ihe recetion

of a second identical 16-bit lpeup command before the timergires. When this time-out override state

exists, the ol way to logp the HLU-231 List 7B down is to issue one of the thre@dmovn commands listed

in Step 2. The automatic time-out mode is restored during subsequent loopback sessions.

The followirg list summarizes the codeqéred to execute all the HiGain Ipleacks shown in lgure 6. Note
that all code sequences must be present for at least five seconds.

ABBREVIATIONS USED BELOW:
LU = LoopUp
LD = LoopDown
NI = Network Interface
Cl = Customer Interface
ESF-DL = Extended Super Frame Data Link

ADDRESSABLE 3 (A3LB) REPEATER LOOPBACK COMMANDS

Position Name Code

HLU-231 LU FROM NI NLOC 1111(F)*1111(F)0001(1)1110(E)

HLU-231 LU FROM ClI CREM 0011(3)1111(F)0001(1)1110(E)

HRU-412 LU FROM NI NREM 1111(F)1111(F)0000(0)0010(2)

HRU-412 LU FROM ClI cLoc 001(B)1111(F)0000(0)0010(2)

HRU-412 LU FROM NI SMJIK 11000 11000 11000 ...

HRU-412 LU FROM NI SMJIK 100000 100000 100000 ...

HRU-412 LU FROM NI (ESF-DL) SMJIK 1111(F)1111(F)0100(4)1000(8)

HLU & HRU LD FROM NI OR CI
HLU & HRU LD FROM NI OR CI
HLU & HRU LD FROM NI OR CI

11100 11100 11100 ...
100 100 100 ...

1111(F)1111(F)0010(2)0100(4)

(ESF-DL)

Note: The left most bit arrives first in allqueences. The detectiorgatithm functions relialyl with a random
10° Bit Error Ratio (BER) on the facility. This is the HEX number for the 4-bit group.

All of the above lopbacks can also be initiated from the frpanel of the HLU-231 List 7B with th®lODE
andSEL push-buttons (Section B Paragraph 3.09).
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TABLE 7. HLU-231 A4LB TEST PROCEDURES

Step

Action

1

The HiGain Line Unit can be Iped back (NLOC in Fjure 6) ly sending the Addressable Office Reater

(AOR) LPBK activation code 1111(F) 1111(F) 0001(1) 1110(E) for at least five seconds. This causes the HLU-
231 List 7B to enter its NLOC state shown igitie 6. The diglay on the HLU-231 List 7B alternates between
NLOC (network local lop) and the magin displays. The Logback Time-out ption, which is user settable to
NONE, 20, 60 or 120 minutes, determines the duration of thpblmk unless it is overridderyIthe recetion

of a second identical 16-bit lpeup command before the timergires. When this time-out override state

exists, the ol way to logp the HLU List 7B down is to issue one of the thregpldown commands listed in

Step 2. The automatic time-out mode is restored during subsequent loopback sessions.

The following list summarizes the codegjered to execute all the HiGaiystem logbacks shown in lgure 6.
Note that all code sequences must be present for at least five seconds.

ABBREVIATIONS USED BELOW:
LU = LoopUp
LD = LoopDown
NI = Network Interface
Cl = Customer Interface
ESF-DL = Extended Super Frame Data Link

ADDRESSABLE 4 (A4LB) REPEATER LOOPBACK COMMANDS

Position Name Code

HLU-231 LU FROM NI NLOC 1111(F)*1111(F)0001(1)1110(E)
HLU-231 LU FROM ClI CREM 0011(3)1111(F)0001(1)1110(E)
HRU-412 LU FROM NI NREM 1111(F)1111(F)0000(0)0010(2)
HRU-412 LU FROM ClI cLoc 001(B)1111(F)0000(0)0010(2)
HRU-412 LU FROM NI SMJIK 11000 11000 11000 ...
HRU-412 LU FROM NI (ESF-DL) SMJIK 1111(F)1111(F)0100(4)1000(8)
HLU & HRU LD FROM NI OR ClI 11100 11100 11100 ...

HLU & HRU LD FROM NI OR ClI 100 100 100 ...

HLU & HRU LD FROM NI OR CI 1111(F)1111(F)0010(2)0100(4)
(ESF-DL)

Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a random
10° Bit Error Ratio (BER) on the facility. This is the HEX number for the 4-bit group.

All of the above lopbacks can also be initiated from the frpanhel of the HLU-231 List 7B with th®lODE
andSEL push-buttons (Section B Paragraph 3.09).
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TABLE 8. HLU-231 A5LB TEST PROCEDURES

Step Action

1 Send into the HLU-231 List 7B the in-band ARMING and NI (Network Interface) LPBK code 11000 for at least
five seconds, or at least fourpetitions of the 16-bit ESF Data Link ARMING code 1111 1111 0100 1000
(FF48). (Left bit arrive first)

2 Monitor the ouput of the HLU-231 List 7B for the return of tipattern. Return gpattern indicates that either
the HRU-412 has lqmed-p (if the SMART-JACK LOOPBACK gtion is ENABLED) or that an external NI has
looped p (if the SMART-JACK LOOPBACK gtion is DISABLED) and that the HLU-231 List 7B and HRU-
412 units have been ARMED. Veyrithat the HLU-231 List 7B dgay intermittenty indicates “ARM” and

also “SMJK” if the HRU-412 is in lggback. Also veriy, if possible, that the LOOPBACK LED of the HRU-
412 is flashig, indicating that the HRU-412 is armed or that gHis steady, indicatirg that it is both armed
and in loopback.

3 Once armed the HLU-231 List 7B can befded back (NLOC in Fjure 6) ly sendimg IOR (Intelligent Office
Repeater) LPBK activation code 1101 0011 1101 0011 (D3D3) for at least five seconds. The tester observes the
following activation response:

¢ Two seconds of AIS (all ones), followed by:
¢ Five seconds of returning data pattern, followed by:

e 231 Iagic errors (includig the frame bits) occur in the returngaktern (10 errors if ILR-1 were sent),
followed by:

¢ Normal loged data. Note that this erngaittern will rgpeat evey 20 seconds as Igras the IOR lopback
pattern is beig sent. This same 20 secongeat scenario alsgglies to ILR, Time-Out Override and
Query commands.)

The HiGain Line Unit is now in Lgic Loopback (NLOC of Fgure 6). The diglay on the HLU-231 List 7B
periodicaly shows NLOC and ARM (the HLU-231 List 7B is still armed) in addition to thegmalisplays.

The Logback Time-out ption, which is user settable to NONE, 20, 60 or 120 minutes, determines the duration
of this logback unless it is overriddery bhe TIME-OUT OVERRIDE command or a lpaown command is

sent. If the Time-out Override code 1101 0101 1101 0110 (D5DE6) is received, the “activatiemncss

described in “3” above is peated and the automatic timedpgation of the lopback is inhibited. If this Time-

out Override is sent, then the gniay to log the HLU-231 down is to issue the IR (Intgént Reeater)

LPDN (logpdown) code 1001 0011 1001 0011 (9393) or to issue the NI (Network Interface) LPDN and Disarm
code 11100. The automatic time-out timer is restored during subsequent loopback sessions.

4 Upon conpletion, the tester sends IOR LPDN code 1001 0011 1001 0011 (9393ptddem the HLU-231
List 7B. The unit remains armed however, as indicajeth® ARM messge on the HLU-231 List 7B and the
flashing of the HRU-412 LOOPBACK LED.

TABLE CONTINUED ON NEXT PAGE
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TABLE 8. HLU-231 A5LB TEST PROCEDURES (CONTINUED)

Step Action

5 Usirg the following codes, a network tester can activateplmrks NLOC or NREM or SMJK (if enabled)
shown in Figure 6. A customer tester can activate loopbacks CLOC or CREM.

ADDRESSABLE 5 (A5LB) REPEATER LOOPBACK S
ARMING or NI LPBK (in-band) Arming code 11000 11000 ...
ARMING or NI LPBK (ESF Data Link) Arming code 1111(F)*1111(F)0100(4)1000(8)
IR LPDN or DISARM (in-band) Disarming code 11100 11100 ...
DISARM (ESF Data Link) Disarming code 1111(F)1111(F)0010(2)0100(4)
IOR LPBK (NLOC & CREM 231 errors) HLU Loop up 1101(D)0011(3)1101(D)0011(3)
ILR-2 LPBK HRU Loop up 1100(C)0111(7)0100(4)0010(2)
(NREM & CLOC 20 bit errors)
IR LPDN Loop down 1001(9)0011(3)1001(9)0011(3)
(HLU or HRU)
IR QUERY LPBK Query loopback 1101(D)0101(5)1101(D)0101(5)
IR ALTERNATE QUERY LPBK Alternate Qugr 1101(D)0101(5)1110(E)1010(A)
loopback
TIME-OUT OVERRIDE Logback Time- out| 1101(D)0101(5)1101(D)0110(6)
Override
IOR POWER DOWN (HLU) Removes HDSL | 0110(6)0111(7)0110(6)0111(7)
line power
Note: The left most bit arrives first in allggeences. The detectiorgatithm functions relialyl with a random
10° Bit Error Ratio (BER) on the facilit The IOR POWER DOWN code must rempiesent for the duration
of thepower down mode. When this code is removed, the HiGaites returns to its normal unlped and
unarmed state. This is the HEX number for the 4-bit group.

6 After testirg is conplete, send the universal Ipdown [IR (Intelligent Rgeater) LPDN] code if theystem is to
loopdown but remain ARMED. Send the disarm code 11100 if allghgment is to be loped down,
disarmed and returned to normakeoation. Note that the ARMED mode has an automatic time-out of 120
minutes but this timer is reset to 120 foy ari the followirg events: a) Lopback terminates (manuglor time-
out), b) Query, c) Alternate query, d) Far end activate, and €) Another ARM command.

7 All of the above lopbacks can also be initiated from the frpanel of the HLU with thé¢fODE andSEL

pushbuttons (Section B Paragraph 3.09).
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TABLE 9. HLU-231 LIST 7B STATUS MENU MESSAGES

Message Full Name Description

ALARMS:

LLOS Local Loss of Signal No signal from HLU-231 List 7B local T1 interface.

RLOS Remote Loss of Signal No signal from HRU-412 remote T1 interface.

LOSW1(2) Loss of Sync Word 1 or 2 HDSL loop 1 or 2 has lost sync.

H1ES HDSL Loop 1 Errored Second Lt CRC's have exceeded the user selected ES
threshold.

H2ES HDSL Loop 2 Errored Second Lm@ CRC's have exceeded the user selected ES
threshold.

DS1 Digital Service 1 DS1 put BVDs for either the HLU-231 List 7B or
HRU-412 have exceeded the user selected ES
threshold.

R(L)AIS Remote (Local) Alarm Indicating Signal Indicates an AIS (all ‘ddjtern is beig transmitted

from the remote or (local) T1 output port.

MAL1 Margin Alarm 1 The magin on HDSL log 1 has drpped below the
threshold (1 to 15 dB) set by the user.

MAL2 Margin Alarm 2 The magin on HDSL log 2 has drpped below the
threshold (1 to 15 dB) set by the user.

CHREV Channels Reversed The Lpd & 2 HDSL pairs are reversed at the
HRU-412 irput port. Lo 1 is pecified to cary the
(-) simplex DC voltage, and Log 2 is pecified to
carry the (+) simplex DC voltage.

LOOPBACKS:

SMJIK Smart-Jack Loopback Lpback at HRU-412 (remote) towards network
initiated by (2 in 5) in-band lopback code or out-of-
band ESF data link code (Figure 6).

NREM Network Remote Loopback Lpback at HRU-412 (remote) towards network

initiated from CO (network)pIntelligent Line
Repeater (ILR) #2 code, HLU-231 fropganel
MANUAL LOOPBACK push-buttons, HRU-412
front panelpush-button, or maintenance terminal
(Figure 6).

TABLE CONTINUED ON NEXT PAGE
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TABLE 9. HLU-231 LIST 7B STATUS MENU MESSAGES (CONTINUED)

NLOC Network Local Loopback Loaback at HLU-231 List 7B (local) towards
network initiated from CO (networkydOR code,
HLU front panel MANUAL LOOPBACK push-
buttons, or maintenance terminal (Figure 6).

CLOC Customer Local Loopback Lpback at HRU-412 (local) towards Cl initiated
from CPE (customen)ylLR #2 code, HLU-231
front panel MANUAL LOOPBACK push-button, or
maintenance terminal (Figure 6).

CREM Customer Remote Loopback lpiack at HLU-231 List 7B (remote) towards
customer initiated from CPE (customey) IOR
code, HLU-231 fronpanel MANUAL LOOPBACK
push-button, or maintenance terminal (Figure 6).

ARM Armed The HiGain gstem detected the IR Ipback (2 in
5) arming code.

TLOS Transmit Loss of Signal (Loopback) HRU-412 is in gitdoopback state caused la
loss of its T1 iput from the Cl, if enabled at the
HRU-412 via its TLOS switch option.

5. SYSTEM MAINTENANCE MENU SCREENS

51 Figure 7 is the Maintenance Terminal MAIN MENU Screen. Its eight sub-menus provide many
useful provisioning, test and monitoring tools. Figure 8 shows the HLU-231 List 7B SPAN STATUS
Screen.

5.2 Figure 9 shows the SET CLOCK menu. Both the Time and Date are set with this menu. Set the

hours and minutes, using the military (24-hour) convention. Setting the seconds is optional. Enter
the date in the sequence and format shown. List 1 HRU-412 units having software versions 6.4 and
above, and all List 6, List 7 HRU-412 units can also be set to the same time and date as the HLU-231
List 7B by entering & to the “Update Remote” query. All time information is lost when power is
removed. The last date, however, is retained in NVRAM and reappears when power is restored.

5.3 Figure 10 shows the SYSTEM SETTINGS Screen. All 14 user options can be set from this screen.
To change any option, enter its character key which is shown inside the parenthesis within each
parameter description. This causes the screen to refresh with the new parameter. After all
parameters have been selected, peesxit) thenC (Confirm). The newly selected parameters are
now activated.

54 Figure 11 shows the LOOPBACK MENU Screen for non-Doubler applications. Loopbacks NLOC,
NREM, CLOC & CREM are available.
5.5 Figure 12 shows the PERFORMANCE DATA screen for non-Doubler applications. Both the

Errored and Unavailable Seconds for both HDSL loops and each T1 input are listed at 15-minute
intervals over a four hour time interval. Earlier & later data, in four-hour chunks on six different
screens, can be accessed by presBifRyevious) oN (Next) respectively. All of the counters can

be set to zero by pressi@(Clear) from the HLU-231 List 7B SPAN STATUS Screen shown in
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5.6

5.7

5.8

Figure 7. Note that since the HLU-231 List 7B is considered the master module, thisltlears
performance data screens at both the HLU-231 List 7B & the HRU-412. The RS-232 terminal
interface at the HRU-412 does not allow the counters to be cleared

Figure 13 shows the 7-DAY PERFORMANCE HISTORY Screen. The “Errored Seconds” and
“Unavailable Seconds” for both HDSL loops and each of the two DS1 inputs are listed for the current
and previous seven days. All of the counters can be set to zero by pfe¢€ilegr) on the HLU-

231 List 7B SPAN STATUS Screen (Figure 8). Note that since the HLU-231 List 7B is considered
the master module, this cleas performance data screens at both the HLU-231 List 7B & the
HRU-412. The RS-232 terminal interface at the HRU-412 does not allow the counters to be cleared.

Figure 14 shows the ALARM HISTORY Screen for non-Doubler applications. The alarms are
defined in Section A Paragraph 4.01. The “First” & “Last” columns contain the time & date stamp
of the first & last occurrence of each alarm. The “Current” column shows the status of each alarm.
The “Count” column lists the number of times each alarm occurred. All the data can be cleared by
pressingC (Clear). The maximum non-overflowing count is 999.

Selection “H” from the main menu allows the Circuit ID # to be set. It is limited to 24 alpha-
numeric characters. It, like the system settings, is stored in NVRAM and thus remains when power
is lost. Note that the Circuit ID # is not available at the HRU-412 Maintenance Port.

A glossary of HiGain Terms is shown in Table 10.
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TABLE 10. GLOSSARY OF HIGAIN TERMS

Term

Definition

MARGIN

Indicates the excessgsial to noise ratio, at either the HRU-412 or HLU 231 List 7B
HDSL ports, relative to a 10Bit Error Rate. 1st value is current miar, 2nd value is
minimum magin since (C)leared last, 3rd value is maximum value since cleared. NA
means Not Available (Igpis not in ync). The normal rage of a ypical magin is

from 22 to 6 dB.

PULSE ATTN

Indicates the attenuation of the 2Bp@se from the distant end. The HiGaystem
operates withpulse attenuations in excess of 30 dB. This value is related to the cable
pairs’ 196 kHz loss. Thpulse attenuation is a more direct indication of theloo
attenuation to the 2B1Qggial than the 196 kHz loss. The normalgaofpulse
attenuation is from 1 to 28 dB.

PPM OFFSET

Indicates the relative offset of thestal oscillator in the HRU-412 from the HLU-231
List 7B ciystal oscillator. Ag value between -64 and +64 is gdate. Values outside
this rarmge indicate out of tolerance c@anents or excessive tgerature drift in critical
components.

INS LOSS

This is thegproximate insertion loss of the various pscat the HDSL line rate of 196
KHZ. It is generated by multiplying the PULSE ATTN by 1.25.

HDSL 24 Hour ES
(Errored Seconds)

The number of 1 second intervals that contained at least 1 CRC error. This value is a
running total of the last 24 Hours.

HDSL 24 Hour UAS (Unavailablg
Seconds)

e The number of seconds the HDSL loop was out of sync.

DS1 BPV Seconds (ES)

The number of seconds in which at legztlarbiiolation was detected on the DS1
input.

DS1 UAS Count

The number of seconds dgsivhich the DS1 iput signal was absent (125 or more
consecutive “0”).

Frame type

Type of DS1 framing used on the input stream (SF, ESF, Unframed or No Activity).

Code type

Vpe of DS1 line codig used (AMI, B8ZS, AMI : ZBTSI or B8ZS : ZBTSI). The
latter two conditions indicate the coggeé that is beig received when the HiGain
system is set to its ZBTS mode. In either the AMI or B8ZS DS1 code mode, the Code
type digplays the selected code agposed to the codegpe that is actuaji beirg
received, which is what is displayed when set to AUTO code mode.

HLU/Ver w.x-y

“w.x" = software version number of the HLU-231 List 7By” « list # of HLU-231
List 7B.

HRU/Ver a.b-c

“a.b” = software version number of the HRU-412. “c” = list # of HRU-412.

HiGain Line Unit HLU-231
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TABLE 11. HLU-231, LIST 7B 4-CHARACTER FRONT PANEL MESSAGES

Message Full Name Description

CREM Customer Remote Loopback Signal from customer is looped back to customer at HLU-231.

NLOC Network Local Loopback DSX signal is looped back to DSX at HLU.

CLOC Customer Local Loopback Signal from Customer is looped back to customer at HRU-412.

NREM Network Remote Loopback DSX signal is looped back to DSX at HRU.

SMJK Remote Smartjack Loopback gBal from DSX is loped back at HRU ypthe HRU smajtack
module.

TLOS Transmit Loss Of Signal HRU is in adie loopback state caused fa loss of its T1 iput
from the CI, if enabled at the HRU via its TLOS switch option.

FERR Framing Bit Error Occurred Framing bit error occurred at HLU T1 input.

LBPV Local Bipolar Violation A bpolar violation has been received at the Tduirto the
HLU-231.

SIGlor2 Signal 1 or Signal 2 The HLU & HRU transceivers afiagrto establish contact
with each other.

ACQ1lor?2 Acquisition 1 or Acquisition 2 The HLU & HRU mudiéxers are fring to establish
synchronization over each loop.

H1ES HDSL CRC Error Channel 1 HLU HDSL Loop 1 CRC error.

H2ES HDSL CRC Error Channel 2 HLU HDSL Loop 2 CRC error.

ARM HiGain System ARMED Armed to respond to Intelligent Repeater Loop Codes.

ACO Alarm CutOff A minor alarm has occurred, and been retired to an ACO
condition, by pressing the SEL button on the HLU front panel.

SELF TEST The HLU is in a self test mode. This occursyepewer
ON/OFF cycle.

ALRM Alarm Condition Exists Aminor alarm condition is in effect.

1=xx or 2=yy HDSL Loop Margins Indicates tpewer of the received HDSL gial on each Lop

relative to noise. Ayvalue of ‘06’ orgreater is adguate for
reliable system operation.

PWR FEED SHRT

Power Feed Short

Indicates a short between the 2 p#i’SL This same meg

can occur with an HRU that is drawithe correct amount of
power overgood cablepairs but cannot communicate with the
HLU.

TABLE CONTINUED ON NEXT PAGE
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TABLE 11. HLU-231, LIST 7B 4-CHARACTER FRONT PANEL MESSAGES (CONTINUED)

Message

Full Name

Description

PWR FEED OPEN

Power Feed Open

Indicates an open circuit in the T&R of either HDSL pair.

PWR FEED OFF

Power Feed Off

HDShas) power has been turned off Isettirg the PWFD
option to DIS.

BAD RT? No response from HRU The HLU does not receiweragponse from the HRU.
Thus, the HRU's integrity is questionable.

VER HLU Software Version # This is ¢gikayed durirg the §stem Settigs review mode.
Depress th/ODE button for 3 seconds.

LIST OxL HLU's List # Displayed durirg System Settigs review mode defined
above.

FRM Frame:SF,ESF,UNFR,NONE Defines tlypd of framepattern beig received from the
DSX-1. Digplayed durirg System Settigs review mode
defined above.

CODE Line Code: AMI, B8ZS This is the line code that HLU-231 List 7B is recgiainits
DSX-1 interface. Diglayed durirg System Settig review
mode defined above.

LOSW Loss of Sync Word Indicates that 1 of the HDSLpmbas lostync. Causes a
minor alarm.

LLOS Local Loss of Signal Indicates that ngrsal is detected at the T1put to the
HLU. Causes a minor alarm.

RLOS Remote Loss of Signal Indicates that ngnsil is detected at the T1gut to the
HRU. Causes a minor alarm.

DS1 DS1 BPV errors Indicates that the number of BPVs at the HLU or HRU DS1
inputs have exceeded the 24 hour ES threshold. Causes a
minor alarm.

DSO DSO Blocked Channels Indicates status of DSO blocked channels. NONE indicates no
channels are blocked. BLK indicates some channels are
blocked.

MAL1(2) Margin Alarm Loop 1 or 2 The mgin on HDSL log 1 (2) has drpped below the

threshold (1 to 15 dB) set by the user.
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HI-GAIH HLU-231

MAIHTEHMANCE TERMIMAL MAIN MEHU
CIRCUIT ID#:

A. UIEW SPAN 3TATUS

B. SET CLOCK

C. SYSTEM SETTIHGS

D. LOOPBACK MODE: HOHE

E. VIEW PERFORMAMCE DATA

F. UIEW PERFORMAHMCE HISTORY
G. UIEW ALARM HISTORY

H. ENTER CIRCUIT ID #

{(ver U2_.5L-087B)

Figure 7. HLU-231 List 7B Main Menu.

TIME: 88:36:41
DATE: @7/88/796
ALARMS : HOHE
LOOPBACK: OFF

MARGIH:
PULSE ATTH:
IHNS LO3S:
PPM OFFSET:
24 HOUR ES:
24 HOUR UAS:

24 HOUR BPU Seconds:
24 HOUR UAS Count:

Frame type:
Code type:

SPAH 3TATUS
{ HLU/ver2.5-887B: HRU/verZ.6-0008)

CIRCUIT ID#: Pasadena Lab

HLU HRU
HDSL-1 HDSL-2 HDSL-1 HDSL-2
cur/min/max cur/minfmax curSminfmax cur/minSmax
22718723 2117723 21718722 217197521 dB
a1 a1 [5]5) [5]5) dB
a1 a1 an an dB
0@ 0@ 11 11 ppm
apae1 apae1 apaas agaeh seconds
ang19 apazy apgan d0des  seconds
D51 STATUS
HLU HRU
aaee1 apea3
apaLy aaez21
Unframed Unframed
AMI AMI

(E)xit (C)lear {(U)pdate

Figure 8. HLU-231 List 7B non-Doubler Status.

Page 38

PairGain Engineering - Plant Series

HiGain Line Unit HLU-231



Revision 02 January 31, 1997

Section 150-231-172

SET CLOCK
TIME: 63:89:89

DATE: 18718/94
GCIRCUIT ID#: Pasadena Lab

Format: HH:HH
HMADDAYY

HEW TIME:

HEW DATE:

(UVYPDATE REHMOTE?]]

Figure 9. Set Clock Menu.

SYSTEM SETTIHGS

TIME: 88:38:47
DATE: @87/88/796

E{QIUALIZATION: EXT
SHART-JACK (L)B: EMABLE
{SIPECIAL LPBK: GHLB
{PYOMER: 208
{2)BTSI: OFF

ES ALARM TH{R)ES: HOHE
LOOPBACK (T)IHEOUT: 68

(AYLARM: DISABLE
(D}51 LINE CODE: AMI
(FYRAMING: AUTO

ALIS OH (H)YDSL LOSW: 2 LOOPS

AIS OH S{M)JK/HREM: EHABLE

HAR({G)IH ALM THRES: 4

D50 (BILOCKIHG: =xx - Blocked Channels

81 62 83 B4 65 86 67 88 82 18 11 12 13 14 115 16 17 18 192 28 21 22 23 24

{(E)xit

CIRCUIT ID#: Pasadena Lab

Enter the letter in parenthesis (X) to change any setting]]

Figure 10. HLU-231 List 7B System Settings Main Menu.

HiGain Line

Unit HLU-231 PairGain Engineering - Plant Series
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LOOPBACK MEHU
TIME: B83:12:28

DATE: 18/18/94
CIRCUIT ID#: Pasadena Lab

A. DISABLE LOOPBACKS

B. NETWORK LOOP HLU {NLOC)

C. NETWORK LOOP HRU {NREM)

G. CUSTOMER LOOP HLU {CREM)

H. CUSTOMER LOOP HRU {CLOC)
(E)xit]]

Figure 11. HLU-231 List 7B non-Doubler Loopback Menu.

Date: 18/18/94 PERFORMAHCE DATA
CIRCUIT ID#: Pasadena Lab
ERRORED SECOHDS/UMAVAILABLE SECOMDS

DSsA HDSL-1 HDSL-2
HLU HRU HLU HRU HLU HRU
23:308 g@o/000 9007000 000/000 00070080 0007000 0007008
23:45 ggo/000 00G7000 O0O00/000 O0OG7000 0007000 0OG/008
ge: o0 g@o/000 00O07000 0007000 O00G7000 0007000 O00G7008
ae:15 a82/0808 08A7/0086 0047047 OPS/008 002/708 0047008
ge8:308 g83/080 006/0806 084/027 08047009 000/553 0037008
aa:4% g@o/000 9007000 000/000 00070080 0007000 0007008
61:008 ggo/000 00G7000 O0O00/000 O0OG7000 0007000 0OG/008
a1:15 g@o/000 00O07000 0007000 O00G7000 0007000 O00G7008
81:30 d8o/000 00G/008 O00/000 O0PG/00B OOO/00D 0067008
61:45 g@e/000 000/000 000/000 00070080 0007000 0087008
62:008 g@o/000 0007000 000/000 0007000 0007000 0087008
B2:1% g62/000 0067008 0081/381 o601/70062 0661/381 0061/008
62:30 g8o/000 0007000 0007900 O00G7008 6007900 0067008
82 :45 g82/0808 @8A7/0086 0007847 0037004 001/849 0037008
63:00 g@e/000 000/000 000/000 00070080 0007000 0087008
83:1% g81/0800 802/002 0801/031 06037006 002/032 0603/008

(E)xit (P)revious (M)ext]]

Figure 12. HLU-231 List 7B non-Doubler Performance Data.
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Time:

B3:16:55

CIRCUIT ID#: Pasadena Lab

7 DAY HISTORY

ERRORED SECOHDS/UHAVAILABLE SECOHDS

DS HDSL-1
HLU HRU HLU HRU
10783 00BO6/0A000 AOAOA/0AANA AOAAN/APAGA ABABH/BOE0A
10784 BOBO6/0A000 AOAON/0EANA AOAAN/APARA ABABH/EOA0A
10/05 BGOAO6/00000 AOAOO/0000A AOABO/0PA0A AAOOO/O0000
10/86 B0OOOO/00000 AOAON/000PA GOABO/0PAOA NBOOO/O0000
10/07 ©00O06/ 00000 AOAOO/000PA AOABO/0PAOA ABOOO/O0000
10708 ©00O06/00000 AOAON/000PA AOOEO/0PAOA NAOOO/O0000
10709 0OOOO/ 00000 AOAOO/0000G AOABO/0PAOA QAOOO/O0000
current 00610/00000 00022700020 00010702230 AOO16/00029
(EIxith

HDSL-2

HLU
Ll lsls EsTslsts)s)
Ll lsls EsTslsts)s)
80000/ 00000
80000/ 00000
80000/ 00000
80000/ 00000
808006/ 00000
00006/ 03423

HRU
afpne/s00a0a
afpne/s00a0a
ageoo/00000
ageoo/00000
ageoe/ 00000
ageoe/ 00000
800006/ 00000
age14/000008

Figure 13. HLU-231 List 7B non-Doubler Performance Data History.

ALARM HISTORY
TIME: B83:18:36
DATE: 18/18/94
CIRCUIT ID#: Pasadena Lab
Type First Last Current Count
LOS, DS1-HLU 0K i]5 15}
LDS, DS1-HRU 0K a8
LOsSW, HDSLA 18/18/94-00: 908 18/18/94-083: 82 0K aas
LOsSW, HDSLZ2 18/18/94-00: 08 18/718/94-83: 82 0K aay
ES, HDSLA 0K ls s}
ES, HDsLZ 0K i]5 15}
MARGIH LA1 18/18/94-00: 88 18/18/94-02: 44 0K aas
MARGIH L2 18/18/94-00: 008 18/18/94-83: 82 0K aay
PWR-OFEH 18/168/94-00:03 18/18/94-83: 02 0K aas
PUR-SHRT 18/18/94-00: 08 18/718/94-080: 80 0K a1
LAST CLEARED: HOHE
(E)xit (C)lear (U)pdatel
Figure 14. HLU-231 List 7B non-Doubler Alarm History.
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C. APPLICATIONS USING HIGAIN DOUBLERS

1. GENERAL

11

For Doubler applications, one or two Doublers may be used in the HDSL loops between the HLU-
231 List 7B and the HRU-412. The HLU-231, List 7B has been enhanced over the older HiGain line
units so that it can line power 2 doublers and the remote unit (3 spans.) This feature is only available
when using the HDU-439, 437 List 1 “mini” doublers and the HRU-412 List 8 remote unit in HDU-
231, List 7B circuits. For additional information on the “mini” doublers please refer to its technical
practice #150-439-100-01. This section addresses HLU-231 List 7B operation with the HDU-451
List1, 2, 3, & 4 or the HDU-439, 437 “mini” doublers. The List 1 and 2 doublers have identical
power consumptions. The List 3 and 4 units are low power doublers which consumes 40% less
power than either List 1 or 2. The Power Consumption section addresses both the high and low
power doubler versions.

2. POWER CONSUMPTION

21

2.2

2.3

24

The maximum current drain is the current drawn from the shelf power supply when it is at minimum
voltage (-42.5 VDC) under a worst case application. The worst case application for the HLU-231
List 7B occurs on a loop with one HDU doubler, four 9000 ft, #26 AWG spans, and an HRU-412 that
is providing 60 mA of CPE current. Under these conditions the HLU-231 List 7B current drain from
the -42.5 VDC battery is 0.80 A for the List 1 and 2, and 0.58 A for the List 3 and 4 doublers. This
CO current and other related power parameters for this doubler application are listed in Table 12.
The worst case loop conditions assumed for the 3 span line powering applications listed in Tables 12
and 13 are a 2000 ohm total loop consisting of 9000 ft, #26 AWG for span 1 and 2, and 6000 ft, #26
AWG for span 3.

The maximum shelf current drain allowed is a function of the shelf -48 VDC fuse. Table 13 lists the
doubler shelf deployment guidelines, as a function of the shelf fuse, for the more popular Type 220
configuration shelves. These guidelines limit the maximum fuse load to 85% of shelf rated capacity.
Use Table 13 when selecting the appropriate load fuses for the Building Distribution Fuse Bus
(BDFB) when deploying the HiGain system equipment in COs.

The maximum HLU-231 List 7B power dissipation is the power that is converted into heat within the
unit. It contributes to the total heat generated and is used to determine the maximum number of
shelves per bay that do not exceed the maximum power dissipation density in Watts/sq. ft.

In CO locations, the maximum power dissipation for open faced, natural convection cooled
mountings is 120 Watts/sqg. ft. as stated in NEBS standard TR-NWT-000063 section 4.2.3. The
footprint of a 13 slot 23" SXSS shelf is 7.024 sq. ft. Thus the maximum allowable dissipation is 840
W. This limits the number of HLU-231 List 7B units per bay to 80 when powering the List 1 or List

2 doubler, and to 93 when powering the List 3 or List 4 doubler. Note that this is a worst case
situation since it assumes the entire CO is subjected to the maximum power density. More favorable
conditions would permit increasing the number of shelves per bay without jeopardizing the CO
thermal integrity.
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25 The thermal loading limitations imposed when using the HLU-231 List 7B in Controlled
Environmental Vaults (CEV) or other enclosures are determined by applying the HLU-231 List 7B
power parameters to the manufacturer requirements for each specific housing.

2.6 The power consumption listed in Table 12 is the total power that the HLU-231 List 7B consumes or
draws from its -48 VDC shelf power source. This parameter is needed when the HLU-231 List 7B is
located remote to its serving CO. It determines the battery capacity required to maintain an 8-hour
stand-by battery reserve for emergency situations. It thus limits the maximum number of plugs per
remote enclosure. Use this data to perform this analysis on a case by case basis.
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TABLE 12. HLU-231 LIST 7B POWER PARAMETERS WITH HDU DOUBLERS, LIST 1, 2, 3 & 4, and MINI

60 mA CcO CcoO CcO CO Current Power Power Power HLU Power HLU Power HLU
CPE  Voltage Current Current Amps Consumption  Consumption  Consumption Dissipation Watts Dissipation Power
Current  Volts Amps Amps 3 Span Line Watts Watts Watts List1, 2 Watts Dissipation

List1,2 List3,4 Powering List1, 2 List 3, 4, Mini 3 Span Line List 3, 4, Watts

Powering Mini 3 Span

Line

Powering
OFF 42.5 0.65 0.50 0.8 28 22 34 8.5 8.25 9.0
OFF 48.0 0.59 0.41 0.7 28 22 34 8.5 8.25 9.0
OFF 56.0 0.50 0.38 0.6 28 22 34 8.5 8.25 9.0
ON 42.5 0.80 0.58 n/a 34 25 n/a 9.0 8.5 n/a
ON 48.0 0.70 0.52 n/a 34 25 n/a 9.0 8.5 n/a
ON 56.0 0.60 0.43 n/a 34 25 n/a 9.0 8.5 n/a

TABLE 13. HLU-231 LIST 7B/ HDU-451 LIST 1, 2, & 3 DEPLOYMENT GUIDELINES

Shelf Type Shelf Fuse Max Number of Max Number of Doubler Max Number of Doubler Max Number of Doubler
Amps Doubler Systems Per Systems Per Shelf Systems Per Shelf Systems Per Shelf
Shelf (60 mA CPE Current ON) (60 mA CPE Current OFF) (60 mA CPE Current OFF)
(60 mA CPE Current List 3, 4, Mini List 1, 2, and 3 Span Line List 3, 4, Mini
ON) Powering
List1, 2
-48 V New Bays 20 13 13 13 13
(J98725P, J98725P,
J98725P)
SXSS (CO) (J98725CA) 10 10 13 13 13
Original 220 Bays 3.43 4 5 5 6
(J98725A,B,C, D, E, F)
Upgraded 220 Bays 20 13 13 13 13
(J98725A,B,C, D, E, F)
SXSS (80D Cabinet) 5 5 7 6 8
Kentrox T-Term 220 10 10 13 13 13
PairGain HCS-417 20 14 14 14 14

Page 44

PairGain Engineering - Plant Series

HiGain Line Unit HLU-231



Revision 02 January 31, 1997 Section 150-231-172

3. LOOPBACK OPERATION

3.1 The HiGain system has a family of loopback options. The most important of these is the Smart-Jack
loopback which enables the HRU-412 to respond to the standard (2/3 in 5) Smart-Jack in-band
loopback codes. This option can be enabled or disabled from either the front panel settings or the
terminal SYSTEM SETTINGS Menu Screen.

3.2 In addition to the Smart-Jack loopback, the HiGain system can be configured for one of five special
in-band loopback (SPLB) command sequences. These are selected from the SPLB user options
shown in Table 2. The loopback locations are shown in Figure 15.

3.3 “GNLB?” is the HiGain system Generic loopback code. The GNLB allows in-band codes from the
network to loop-up either the HLU/NLOC (4 in 7) or HRU/ NREM (3 in 7) towards the network. In
addition, it allows in-band codes from the Network Interface (NI) to loop-up the HLU/CREM (6 in 7)
or HRU/CLOC (5 in 7) towards the customer. For Doubler applications it permits looping Doubler
#1 towards the network NDUL1 (2 in 6) or towards the customer CDU1 (4 in 6). Doubler #2 is looped
towards the network with NDU2 (3 in 6) or towards the customer with CDU2 (5 in 6). Either loop-
up condition is terminated (looped-down) with the (3 in 5) loop-down code. All messages must be
present for five seconds before the HiGain system will respond. Table 14 lists the test procedures
that apply when using the GNLB mode.

34 The ALLB loopback selection (Table 15) complies with that proposed for HDSL systems in the
T1/E-1.4/92 recommendation with the following additions:

Query loopback

IOR power-down

Three loopback time-out choices

Initiation from either end

Repeating bit error signatures

Alternate query loopback.

These additions make A1LB identical to the A2LB described below. It is given a separate identity to
allow future T1/E1 enhancements to be added without affecting A2LB.

35 A2LB through A5LB are four special addressable repeater loopback functions which are supported
by the HLU-231 List 7B HiGain system. These loopbacks provide the HiGain system with
sophisticated maintenance and trouble shooting tools. Table 16 through Table 19 list the details of
these SPLB functions. A2LB & A5LB are patterned after the Teltrend addressable T1 repeater
loopbacks. A3LB & A4LB are patterned after the Wescom addressable T1 repeater loopbacks. All
four SPLBs have been enhanced to handle the specific requirements of the following HiGain System
customers:

A2LB (Teltrend) = Southwestern Bell

A3LB (Wescom) = New England Telephone

A4LB (Wescom Mod 1) = New York Telephone

A5LB (Teltrend Mod 1) = Southern New England Telephone (SNET)

3.6 A5LB differs from A2LB in that A5LB does not block the arming code from exiting the HLU-231
List 7B into the network. A2LB can be configured to either block this arming code after two
seconds, and replace it with the AIS code, or to unblock it by executing the FAR-END ACTIVATE
code. Since A5LB never blocks the arming code from exiting the HLU-231 List 7B, it does not need
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this FAR-END ACTIVATE code. A3LB differs from A4LB in that A3LB supports the additional (1
in 6) Smart-Jack loopback command.

3.7 Two additional loopback points are added for each HDU-451 doubler that is used as shown in Figure
15. NDU1 and NDUZ2 are executed towards the network. CDU1 and CDU2 are towards the
customer. All four loopbacks can be initiated by the 16 bit in-band commands in SPLB states A1LB,
A2LB & A3LB as described in Tables 15 through 17. NDU1 and NDU2, along with the rest of the
loopbacks towards the network, can be issued from the Loopback Menu shown in Figure 23. See
Section C paragraph 3.10 below for Front Panel-initiated loopbacks. The simplest HiGain system
includes two loopback locations: The HLU-231 List 7B and the HRU-412. The most complex
HiGain system application includes the HLU-231 List 7B, HRU-412 & two in-line HDU-451
Doublers. Refer to the PairGain HiGain Intelligent Repeater Application Note # 910, Part # 325-
910-100, for more SPLB details.

3.8 When T1 loopback tests are performed on the HiGain system with metallic loopback connections at
either end, the DS1 code that exists at the metallic loopback interface may be different from the DS1
code being received at the opposite end when the DS1 user code is set to AUTO. This is caused by
the fact that in the AUTO DS1 code mode, the HLU-231 List 7B & HRU-412 set their own code
independent of each other. Each end sets its transmit code to match its receive code. Thus if one
end is receiving AMI and the other B8ZS, their codes are different. For example, if the HRU-412
has a metallic loopback and the HLU-231 List 7B receive pattern code is first changed from AMI to
B8ZS, and second, the all “0” pattern is sent into the HLU-231 List 7B, the HLU-231 List 7B
changes to its B8ZS mode while the HRU-412 remains in its AMI mode, and thus loops-back the all
“0” pattern. This causes the HRU-412 to indicate a LOS condition, which then causes the HLU-231
List 7B to output the AIS pattern.

3.9 The HiGain system may take longer than normal to respond to in-band loopback commands when its
framing mode is set to UNFR and the in-band commands are sent in either an SF or ESF mode. The
frame bits override the command bits and cause errors in the command sequence. These errors cause
the HiGain system to reject some sequences. This can extend the detection interval.

3.10 Depressing both thelODE andSEL push-buttons on the front panel for at least three seconds
initiates a MANUAL loopback session. This session allows the usgEltoone of eight HiGain
system loopbacks. The message, “MAN LPBK”, appears on the front panel display followed by the
message “NLO?". If the SEL push-button is now pressed, an “NLOC” loopback is executed and the
message changes from “NLO?” to “NLOC". If tNeODE button is pressed instead of tBEL
push-button, “NLO?" is replaced by “ND1?". This now allows an ‘NDU1’ loopback to be executed
(if it is a Doubler application) with th8EL push-button. If this same routine is followed, all eight
loopbacks (NLOC, NDU1, NDU2, NREM, CLOC, CDU2, CDU1 & CREM) are presented and can
be initiated in the sequence listed. Pressing the MODE push-button two more times yields the CRE
and CLO loopback options in the sequence listed. This interactive push-button procedure permits
any of the four HiGain loopbacks to be executed/activated.

The next loopback option can be presented by pressing the MODE push-button however, the
previously executed loopback will remain active until the SEL push-button is pressed and a different
loopback is activated. If neither button is pressed for a period of 30 seconds and no loopback is in
effect, the manual loopback session terminates and the normal margin displays reappear. If any
loopback is in effect, the 30-second time-out is inhibited. The active loopback and the manual
loopback session continue until the loopback times out in accordance with the user selected LBTO
setting. Only one loopback can exist at any given time. Pressing both buttons again for three
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seconds, terminates any active loopback, ends the MANUAL loopback session and returns the
display to normal mode. Note that these same loopbacks can be initiated from the RS-232
maintenance port by choosing the LOOPBACK MODE, option D, from the MAIN MENU. This
displays the Loopback Menu (Figure 23), from which any of the eight loopbacks can be
initiated/terminated.

4. TESTING

4.1 Table 14 through Table 19 provide step-by-step test procedures for the HLU-231 List 7B as a
function of the loopback option selected. These procedures allow verification of the integrity of the
HDSL channels at every module location as well as the DS1 channels to the customer and the local
DSX-1 interface.

4.2 The HLU-231 List 7B 4-character front panel display has many useful system diagnostic messages
that are listed in Table 20. The display turns on when power is initially applied to the HLU-231 List
7B. In order to conserve power, it only remains on for five minutes if neith&@i2E or SEL
buttons are pressed. The use of either button activates the 4-character display and restarts the 5-
minute power-control timer.

4.3 If trouble is encountered on the HLU-231 List 7B DSX-1 interface, verify that the HLU-231 List 7B
is making a positive connection with the mounting assembly's connector. Also, verify that the
equalizer is set to EXT for driving external equalizers. See Table 2 for the equalization settings for
internal equalization. All installations should be set to the largest value that does not exceed the
distance from the DSX-1 to the shelf.
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4.4

be used to send and receive test patterns towards the DSX-1.

The transmit and receive T1 DSX-1 ports have splitting access and bridging miniature 210-series
jacks as shown in Figure 2. Connecting one cable between the two bridging jacks and another
between the two SPAN jacks splits the XMT and RCV and creates metallic loopbacks towards both
the DSX-1 and the HLU-231 List 7B. If plugs are inserted into both SPAN jacks, the BRG jacks can

LOOPBACKS
TOWARDS
NETWORK

DSX-1

HLU-231

HRU-412 AlS
HLU-231 HDSL SPAN LOGIC_ )
TLOS
HRU-412 AlS
HLU-231 HDSL SPAN 2in5
SMJK*
[ HRU-412 AlS**
HLU-231 HDSL SPAN 3in7
NREM
HDU HDU
HLU-231 [seaNT | 21 e) seaN2 [ 3ne ) [seans] HRU-412
NDUI1 NDU2
HLU-231 AlS
4in7) HDSL SPAN HRU-412 [
NLOC
AIS HLU-231
Cein7 HDSL SPAN HRU-412 —
CREM
AIS HRU-412
HLU-231 HDSL_SPAN (5n7 —
CLOC
HDU HDU
SPANT | (C4indé [sPAN? Cené_[seans HRU-412 |
Cbul CDU2

Use the 3 in 5 code to loop down any of these loopbacks.

to the CI during Smart-Jack Loopback.

* The Smart-Jack loopback is a metallic loopback in the HRU List 6 & 7.
It is a logic loopback in all lower HRU list #'s.

** The SAIS option must be set to ENA to cause the AIS pattern to be sent

AlS

Cl
DS-1

LOOPBACKS
TOWARDS
CUSTOMER

1048

Figure 15. HLU-231 Doubler Loopback ConfigurationsThe most important of the HiGain family of loopback

options is the Smart-Jack loopback, which emulates the functions of a standard NID.
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TABLE 14. HLU-231 GNLB TEST PROCEDURES

Step Action

1 Have the CO tester send the HRU-412 (3 in 7) in-bangtlpacode for five seconds. Observe that the HLU-231
List 7B displays theNREM” message indicating an HRU-412 loopback is in effect (Figure 15).

2 Have the CO tester transmit a T1 teghal into the HLU-231 List 7B and veyithat the returned (Iged) sgnal
is error free.

3 If the above test fails, have the CO tester transmit the (3 in 5) in-bgmddam code. Verif that the HLU-231
List 7B display returns to normal.

4 Have the CO tester send the HLU-231 List 7B (4 in 7) in-barnmpdor five seconds. Observe that the HLU-
231 List 7B displays theNLOC” message indicating an HLU-231 List 7B loopback is in effect.

5 Repeat Stp 2. If the tespasses, thproblem is in the cablpair or the HRU-412. If it fails, thproblem is in the
CO equipment.

6 The NREM and NLOC Igabacks can also be initiated from the frpanel of the HLU-231 List 7B with the
MODE and SEL push-buttons (Section C Paragraph 3.10).

7 The HLU-231 List 7B can be Iped-ip from the remote location (CREMYhssuirg the (6 in 7) command at the
HRU-412 DS1 input port.

8 The HRU-412 can be Iped-yp from the remote location (CLOCYlssuirg the (5 in 7) command at the HRU-
412 DS1 input port.

9 Doubler #1 can eyage logback from the remote location (CDU1y Issuirg the (4 in 6) lopback command at
the HRU-412 DS1 input port.

10 Doubler #1 can gjage logback from the local location (NDU1)yhssuirg the (2 in 6) lopback command at the
HLU-231 List 7B DS1 input port.

11 Doubler #2 can gjage logback from the remote location (CDU2 Issuirg the (5 in 6) lopback command at
the HRU-412 DS1 input port.

12 Doubler #2 can gjage logback from the local location (NDU2)yhssuirg the (3 in 6) lopback command at the
HLU-231 List 7B DS1 input port.

Note 1

When T1 loopback tests are performed on the HiGain system with metallic loopback connections at either end, the DS1
code that occurs at the metallic loopback interface may be different from the DS1 code being received at the opposite end
when the DS1 user code is set to AUTO. For example, if the HRU-412 has a metallic loopback and the HLU-231 List 7B
receive pattern's code is changed from AMI to B8ZS and the all “0” pattern is sent into the HLU-231 List 7B, the HRU-
412 remains in its AMI mode and thus loops all “0”. This causes the HRU-412 to indicate a LOS condition which then
causes the HLU-231 List 7B to output the AIS pattern.

Note 2

The HiGain system may take longer than normal to respond to in-band commands when its framing mode is set to UNFR
and the in-band commands are sent in either an SF or ESF mode. The frame bits override the command bits and cause
errors in the command sequence. These errors cause the HiGain system to reject some sequences. This can extend the
detection interval.
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TABLE 15. HLU-231 A1LB TEST PROCEDURES

Step Action

1 Send into the HLU-231 List 7B the in-band ARMING and NI LPBK code 11000 for at least five seconds, or at least
four repetitions of the 16-bit ESF Data Link ARMING code 1111 1111 0100 1000 (FF48). (Left bit arrives first)

2 Monitor the ouput of the HLU-231 List 7B for the return of thpattern. Return gpattern indicates that either the
HRU-412 has loped-p (if the SMART-JACK LOOPBACK gtion is ENABLED) or that an external NI has
looped p (if the SMART-JACK LOOPBACK ption is DISABLED) and that the HLU-231 List 7B and HRU-412
units have been ARMED. Veyifthat the HLU-231 List 7B day intermittenty indicates “ARM"and also
“SMJK” if the HRU-412 is in lopback. Also veriy, if possible, that the LOOPBACK LED of the HRU-412 is
flashing, indicatirg that the HRU-412 is armed or that gHts steady, indicatirg that it is both armed and in
loopback.

3 Once armed the HLU-231 List 7B can beded back (NLOC in Kjure 15) ly sendig IOR LPBK activation code
1101 0011 1101 0011 (D3D3) for at least five seconds. The tester observes the following activation response:

¢ Two seconds of AIS (all ones), followed by:
¢ Five seconds of returning data pattern, followed by:

e 231 Iagic errors (includig the frame bit) occur in the returnpdttern (10 errors if ILR-1 were sent), followed
by:

¢ Normal logped data. Note that this erngattern will repeat evey 20 seconds as Igras the IOR lopback
pattern is beig sent. This same 20 secongaat scenario alsgglies to ILR, Time-Out Override and Quyer
commands.

The HLU-231 List 7B is now in Lgic Loopback (NLOC of Fgure 15). The diay on the HLU-231 List 7B
periodically shows NLOC and ARM (the HLU-231 List 7B is still armed) in addition to thegimalisplays. The
Loopback Time-out ption, which is user settable to NONE, 20, 60 or 120 minutes, determines the duration of this
loopback unless it is overriddery bhe TIME-OUT OVERRIDE command or a lpaown command is sent. If the
Time-out Override code 1101 0101 1101 0110 (D5D6) is received, the “activatjioense” described in “3”

above is rpeated and the automatic timedpeation of the logback is inhibited. If this Time-out Override is sent,
then the onf way to logp the HLU-231 List 7B down is to issue the IR LPDN (jedown) code 1001 0011 1001

0011 (9393) or to issue the NI LPDN and Disarm code 11100. The automatic time-out timer is restoged durin
subsequent loopback sessions.

4 Upon conpletion, the tester sends IOR LPDN code 1001 0011 1001 0011p@idven the HLU-231 List 7B. The
unit remains armed however, as indicatgdh® ARM messge on the HLU-231 List 7B and the flaspiof the
HRU-412 LOOPBACK LED.

Table continued on next page
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TABLE 15. HLU-231 A1LB TEST PROCEDURES (CONTINUED)

Step Action

5 Usirg the following codes, a network tester can activateplmarks NLOC or NREM or SMJK (if enabled) shown
in Figure 15. A customer tester can activate loopbacks CLOC or CREM.

ADDRESSABLE 1 (A1LB) REPEATER LOOPBACK COMMANDS

ARMING or NI LPBK (in-band) Arming code 11000 11000 ...

ARMING or NI LPBK (ESF Data Link) Arming code 1111(F)*1111(F)0100(4)1000(8)

IR LPDN or DISARM (in-band) Disarming code 11100 11100 ...

DISARM (ESF Data Link) Disarming code 1111(F)1111(F)0010(2)0100(4)

IOR LPBK (NLOC & CREM 231 errors) HLU Loop up 1101(D)0011(3)1101(D)0011(3)

ILR-1 LPBK , DOUBLER-1 1100(C)0111(7)0100(4)0001(1)

(NDU1 & CDUL 10bit errors) Loop up

ILR-20 LPBK , DOUBLER-2 1100(C)0111(7)0101(5)0100(4)

(NDU2 & CDU2 200bit errors) Loop up

ILR-2 LPBK , HRU Loop up 1100(C)0111(7)0100(4)0010(2)

(NREM & CLOC 20bit errors)

IR LPDN Loop down 1001(9)0011(3)1001(9)0011(3)
(HLU or HRU)

IR QUERY LPBK Query loopback 1101(D)0101(5)1101(D)0101(5)

IR ALTERNATE QUERY LPBK AlternateQuely 1101(D)0101(5)1110(E)1010(A)
loopback

TIME-OUT OVERRIDE Logback Time-out| 1101(D)0101(5)1101(D)0110(6)
Override

FAR END NI ACTIVATE Unblock AIS & 1101(C)0101(5)0101(5)0100(4)
pass 2in5

IOR POWER DOWN (HLU) IRemoves HDSL | 0110(6)0111(7)0110(6)0111(7)
ine power

Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a rafidom 10
Bit Error Ratio (BER) on the facility. The IOR POWER DOWN code must remain present for the duration of
the power down mode. When this code is removed, the HiGain system returns to its normal unlooped and
unarmed state. This is the HEX number for the 4-bit group.

6 After testirg is conplete, send the universal Ipdown [IR (Intelligent Rgeater) LPDN] code if theystem is to
loopdown but remain ARMED. Send the disarm code 11100 if alldbhgment is to be loped down, disarmed

and returned to normaperation. Note that the ARMED mode has an automatic time-out of 120 minutes but this
timer is reset to 120 for grof the following events: a) Lopback terminates (manuwglbr time-out), b) Qus, ¢)
Alternate query, d) Far end activate, and €) Another ARM command.

7 All of the above lopbacks can also be initiated from the frpanel of the HLU-231 List 7B with the MODE and
SEL push-buttons (Section C Paragraph 3.10).
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TABLE 16. HLU-231 A2LB TEST PROCEDURES

Step Action

1 Send into the HLU-231 List 7B the in-band ARMING and NI LPBK code 11000 for at least five seconds, or at least
four repetitions of the 16-bit ESF Data Link ARMING code 1111 1111 0100 1000 (FF48). (Left bit arrives first)

2 Monitor the ouput of the HLU-231 List 7B for the return of thpattern. Return gpattern indicates that either the
HRU-412 has loped-p (if the SMART-JACK LOOPBACK gtion is ENABLED) or that an external NI has
looped p (if the SMART-JACK LOOPBACK ption is DISABLED) and that the HLU-231 List 7B and HRU-412
units have been ARMED. Veyifthat the HLU-231 List 7B day intermittenty indicates “ARM"and also
“SMJK” if the HRU-412 is in lopback. Also veriy, if possible, that the LOOPBACK LED of the HRU-412 is
flashing, indicatirg that the HRU-412 is armed or that gHts steady, indicatirg that it is both armed and in
loopback.

3 Once armed the HLU-231 List 7B can beded back (NLOC in Kjure 15) ly sendig IOR LPBK activation code
1101 0011 1101 0011 (D3D3) for at least five seconds. The tester observes the following activation response:

¢ Two seconds of AIS (all ones), followed by:
¢ Five seconds of returning data pattern, followed by:

e 231 Iagic errors (includig the frame bit) occur in the returnpdttern (10 errors if ILR-1 were sent), followed
by:

¢ Normal logped data. Note that this erngattern will repeat evey 20 seconds as Igras the IOR lopback
pattern is beig sent. This same 20 secongaat scenario alsgglies to ILR, Time-Out Override and Quyer
commands.

The HLU-231 List 7B is now in Lgic Loopback (NLOC of Fgure 15). The diay on the HLU-231 List 7B
periodically shows NLOC and ARM (the HLU-231 List 7B is still armed) in addition to thegimalisplays. The
Loopback Time-out ption, which is user settable to NONE, 20, 60 or 120 minutes, determines the duration of this
loopback unless it is overriddery bhe TIME-OUT OVERRIDE command or a lpaown command is sent. If the
Time-out Override code 1101 0101 1101 0110 (D5D6) is received, the “activatjioense” described in “3”

above is rpeated and the automatic timedpeation of the logback is inhibited. If this Time-out Override is sent,
then the onf way to logp the HLU-231 List 7B down is to issue the IR LPDN (jedown) code 1001 0011 1001

0011 (9393) or to issue the NI LPDN and Disarm code 11100. The automatic time-out timer is restoged durin
subsequent loopback sessions.

4 Upon conpletion, the tester sends IOR LPDN code 1001 0011 1001 0011 (9393ptddam the HLU-231 List
7B. The unit remains armed however, as indicajethe ARM messge on the HLU-231 List 7B and the flashin
of the HRU-412 LOOPBACK LED.

Table continued on next page
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TABLE 16. HLU-231 A2LB TEST PROCEDURES (CONTINUED)

Step Action

5 Using the following codes, a network tester can activateplmrks NLOC or NREM or SMJK (if enabled) shown
in Figure 15. A customer tester can activate loopbacks CLOC or CREM.

ADDRESSABLE 2 (A2LB) REPEATER LOOPBACK COMMANDS
ARMING or NI LPBK (in-band) Arming code 11000 11000 ...
ARMING or NI LPBK (ESF Data Link) Arming code 1111(F)*1111(F)0100(4)1000(8)
IR LPDN or DISARM (in-band) Disarming code 11100 11100 ...
DISARM (ESF Data Link) Disarming code 1111(F)1111(F)0010(2)0100(4)
IOR LPBK (NLOC & CREM 231 errors) HLU Loop up 1101(D)0011(3)1101(D)0011(3)
ILR-1 LPBK , DOUBLER-1 1100(C)0111(7)0100(4)0001(1)
(NDU1 & CDUL 10bit errors) Loop up
ILR-20 LPBK , DOUBLER-2 1100(C)0111(7)0101(5)0100(4)
(NDU2 & CDU2 200bit errors) Loop up
ILR-2 LPBK , HRU Loop up 1100(C)0111(7)0100(4)0010(2)
(NREM & CLOC 20bit errors)
IR LPDN Loop down 1001(9)0011(3)1001(9)0011(3)
(HLU or HRU)
IR QUERY LPBK Query loopback 1101(D)0101(5)1101(D)0101(5)
IR ALTERNATE QUERY LPBK AlternateQuely 1101(D)0101(5)1110(E)1010(A)
loopback
TIME-OUT OVERRIDE Logback Time-out| 1101(D)0101(5)1101(D)0110(6)
Override
FAR END NI ACTIVATE Unblock AIS & 1101(C)0101(5)0101(5)0100(4)
pass 2in5
IOR POWER DOWN (HLU) Removes HDSL | 0110(6)0111(7)0110(6)0111(7)
line power
Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a random 10
® Bit Error Ratio (BER) on the facility. The IOR POWER DOWN code must remain present for the duration of
the power down mode. When this code is removed, the HiGain system returns to its normal unlooped and
unarmed state. This is the HEX number for the 4-bit group.

6 After testimg is conplete, send the universal lpdown [IR (Intelligent Rgeater) LPDN] code if theystem is to
loopdown but remain ARMED. Send the disarm code 11100 if alldbhgment is to be loped down, disarmed
and returned to normaperation. Note that the ARMED mode has an automatic time-out of 120 minutes but this
timer is reset to 120 for grof the following events: a) Lopback terminates (manuwglbr time-out), b) Qus, ¢)
Alternate query, d) Far end activate, and €) Another ARM command.

7 All of the above lopbacks can also be initiated from the frpanel of the HLU-231 List 7B with the MODE and
SEL push-buttons (Section C Paragraph 3.10).
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TABLE 17. HLU-231 A3LB TEST PROCEDURES

Step Action

1 The HLU-231 List 7B can be Iped back (NLOC in Fjure 15) ly sendiig the Addressable Office Reater

(AOR) LPBK activation code 1111(F) 1111(F) 0001(1) 1110(E) for at least five seconds. This causes the HLU-
231 List 7B to enter its NLOC state shown igiltie 15. The diday on the HLU-231 List 7B alternates between
NLOC (network local lop) and the magin displays. The Lopback Time-out ption, which is user settable to
NONE, 20, 60 or 120 minutes, determines the duration of thpblek unless it is overriddery bhe recetion of

a second identical 16-bit Ipeup command before the timergres. When this time-out override state exists, the
only way to loogp the HLU-231 List 7B down is to issue one of the thre@ldown commands listed in $te.

The automatic time-out mode is restored during subsequent loopback sessions.

2 The following list summarizes the codegjered to execute all the HiGaiystem logbacks shown in lgure 15.
Note that all code sequences must be present for at least five seconds.

ABBREVIATIONS USED BELOW:

LU = LoopUp
LD = LoopDown
NI = Network Interface
Cl = Customer Interface
ESF-DL = Extended $er Frame Data Link

ADDRESSABLE 3 (A3LB) REPEATER LOOPBACK COMMANDS

Position Name Code

HLU-231 LU FROM NI NLOC 1111(F)*1111(F)0001(1)1110(E)
HLU-231 LU FROM ClI CREM 0011(3)1111(F)0001(1)1110(E)
HDU-451 DOUBLER 1 FROM NI NDU1 1111(F)*1111(F)0000(0)0100(4)
HDU-451 DOUBLER 1 FROM CI CDuU1 0011(3)*1111(F)0000(0)0100(4)
HDU-451 DOUBLER 2 FROM NI NDU2 1111(F)*1111(F)0000(0)0101(6)
HDU-451 DOUBLER 2 FROM CI CDU2 0011(3)*1111(F)0000(0)0101(6)
HRU-412 LU FROM NI NREM 1111(F)1111(F)0000(0)0010(2)
HRU-412 LU FROM ClI cLoC 0011(3)1111(F)0000(0)0010(2)
HRU-412 LU FROM NI SMJIK 11000 11000 11000 ...

HRU-412 LU FROM NI SMJIK 100000 100000 100000 ...
HRU-412 LU FROM NI (ESF-DL) SMJIK 1111(F)1111(F)0100(4)1000(8)
HLU & HRU LD FROM NI OR ClI 11100 11100 11100 ...

HLU & HRU LD FROM NI OR ClI 100 100 100 ...

HLU & HRU LD FROM NI OR CI (ESF-DL) 1111(F)1111(F)0010(2)0100(4)

Note: The left most bit arrives first in all@eences. The detectiorgatithm functions relialyl with a random 19Bit Error Ratio
(BER) on the facility. This is the HEX number for the 4-bit group.

3 All of the above lopbacks can also be initiated from the frpatel of the HLU-231 List 7B with thelODE andSEL push-
buttons (Section C Paragraph 3.10).
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TABLE 18. HLU-231 A4LB TEST PROCEDURES

Step Action

1 The HLU-231 List 7B can be Iped back (NLOC in Fjure 15) ly sendiig the Addressable Office Reater

(AOR) LPBK activation code 1111(F) 1111(F) 0001(1) 1110(E) for at least five seconds. This causes the HLU-
231 List 7B to enter its NLOC state shown igiltie 15. The diday on the HLU-231 List 7B alternates between
NLOC (network local lop) and the magin displays. The Logback Time-out ption, which is user settable to
NONE, 20, 60 or 120 minutes, determines the duration of thpbloek unless it is overriddery the recetion of

a second identical 16-bit Ipeup command before the timergres. When this time-out override state exists, the
only way to logp the HLU-231 List 7B down is to issue one of the thre@ldown commands listed in $te.

The automatic time-out mode is restored during subsequent loopback sessions.

2 The following list summarizes the codeqjered to execute all the HiGaiystem lo@backs shown in lgure 15.
Note that all code sequences must be present for at least five seconds.

ABBREVIATIONS USED BELOW:
LU = LoopUp
LD = LoopDown
NI = Network Interface
Cl = Customer Interface
ESF-DL = Extended Super Frame Data Link

ADDRESSABLE 4 (A4LB) REPEATER LOOPBACK COMMANDS

Position Name Code

HLU-231 LU FROM NI NLOC 1111(F)*1111(F)0001(1)1110(E)
HLU-231 LU FROM ClI CREM 0011(3)1111(F)0001(1)1110(E)
HDU-451 DOUBLER 1 FROM NI NDU1 1111(F)*1111(F)0000(0)0100(4)
HDU-451 DOUBLER 1 FROM ClI Ccbul 0011(3)*1111(F)0000(0)0100(4)
HDU-451 DOUBLER 2 FROM NI NDU2 1111(F)*1111(F)0000(0)0101(6)
HDU-451 DOUBLER 2 FROM ClI CDU2 0011(3)*1111(F)0000(0)0101(6)
HRU-412 LU FROM NI NREM 1111(F)1111(F)0000(0)0010(2)
HRU-412 LU FROM ClI cLocC 0011(3)1111(F)0000(0)0010(2)
HRU-412 LU FROM NI SMJIK 11000 11000 11000 ...

HRU-412 LU FROM NI (ESF-DL) SMJK 1111(F)1111(F)0100(4)1000(8)
HLU & HRU LD FROM NI OR CI 11100 11100 11100 ...

HLU & HRU LD FROM NI OR CI 100 100 100 ...

HLU & HRU LD FROM NI OR CI (ESF-DL) 1111(F)1111(F)0010(2)0100(4)

Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a random 10
® Bit Error Ratio (BER) on the facility). This is the HEX number for the 4-bit group.

3 All of the above lopbacks can also be initiated from the frpanhel of the HLU-231 List 7B with thelODE and
SEL push-buttons (Section C Paragraph 3.10
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TABLE 19. HLU-231 A5LB TEST PROCEDURES

Step

Action

1

Send into the HLU-231 List 7B the in-band ARMING and NI LPBK code 11000 for at least five seconds, or at
least four reetitions of the 16-bit ESF Data Link ARMING code 1111 1111 0100 1000 (FF48). (Left bit arrives
first).

Monitor the oyput of the HLU-231 List 7B for the return of tipattern. Return gbattern indicates that either the
HRU-412 has loped-p (if the SMART-JACK LOOPBACK gtion is ENABLED) or that an external NI has
looped p (if the SMART-JACK LOOPBACK ption is DISABLED) and that the HLU-231 List 7B and HRU-412
units have been ARMED. Veyifthat the HLU-231 List 7B day intermittenty indicates “ARM"and also
“SMJK” if the HRU-412 is in lopback. Also veriy, if possible, that the LOOPBACK LED of the HRU-412 is
flashing, indicatirg that the HRU-412 is armed or that gHts steady, indicatirg that it is both armed and in
loopback.

Once armed the HLU-231 List 7B can beged back (NLOC in Kjure 15) ly sendig IOR LPBK activation code
1101 0011 1101 0011 (D3D3) for at least five seconds. The tester observes the following activation response:

¢ Two seconds of AIS (all ones), followed by:
¢ Five seconds of returning data pattern, followed by:

e 231 Iagic errors (includig the frame bit) occur in the returnpdttern (10 errors if ILR-1 were sent), followed
by:

¢ Normal logped data. Note that this erngattern will repeat evey 20 seconds as Igras the IOR lopback
pattern is beig sent. This same 20 secongaat scenario alsgglies to ILR, Time-Out Override and Quyer
commands.

The HLU-231 List 7B is now in Lgic Loopback (NLOC of Fgure 15). The diay on the HLU-231 List 7B
periodically shows NLOC and ARM (the HLU-231 List 7B is still armed) in addition to thegimalisplays. The
Loopback Time-out ption, which is user settable to NONE, 20, 60 or 120 minutes, determines the duration of this
loopback unless it is overriddery bhe TIME-OUT OVERRIDE command or a lpa@own command is sent. If

the Time-out Override code 1101 0101 1101 0110 (D5D6) is received, the “activagience” described in “3”

above is rpeated and the automatic timedpeation of the logback is inhibited. If this Time-out Override is

sent, then the oplway to logp the HLU-231 List 7B down is to issue the IR (Intgdint Rpeater) LPDN (lop-

down) code 1001 0011 1001 0011 (9393) or to issue the NI LPDN and Disarm code 11100. The automatic time-
out timer is restored during subsequent loopback sessions.

Upon conpletion, the tester sends IOR LPDN code 1001 0011 1001 0011 (9393ptddam the HLU-231 List
7B. The unit remains armed however, as indicajethe ARM messge on the HLU-231 List 7B and the flashin
of the HRU-412 LOOPBACK LED.

Table continued on next page
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TABLE 19. HLU-231 A5LB TEST PROCEDURES (CONTINUED)

Step Action
5 Usirg the following codes, a network tester can activateplmarks NLOC or NREM or SMJK (if enabled) shown
in Figure 15. A customer tester can activate loopbacks CLOC or CREM.
ADDRESSABLE 5 (A5LB) REPEATER LOOPBACK COMMANDS
ARMING or NI LPBK (in-band) Arming code 11000 11000 ...
ARMING or NI LPBK (ESF Data Link) Arming code 1111(F)*1111(F)0100(4)1000(8)
IR LPDN or DISARM (in-band) Disarming code 11100 11100 ...
DISARM (ESF Data Link) Disarming code 1111(F)1111(F)0010(2)0100(4)
IOR LPBK (NLOC & CREM 231 errors) HLU Loop up 1101(D)0011(3)1101(D)0011(3)
ILR-1 LPBK DOUBLER-1 1100(C)0111(7)0100(4)0001(1)
(NDU1 & CDUL 10bit errors) Loop up
ILR-20 LPBK DOUBLER-2 1100(C)0111(7)0101(5)0100(4)
(NDU2 & CDU2 200bit errors) Loop up
ILR-2 LPBK HRU Loop up 1100(C)0111(7)0100(4)0010(2)
(NREM & CLOC 20bit errors)
IR LPDN Loop down 1001(9)0011(3)1001(9)0011(3)
(HLU or HRU)
IR QUERY LPBK Query loopback 1101(D)0101(5)1101(D)0101(5)
IR ALTERNATE QUERY LPBK Alternate Qugr 1101(D)0101(5)1110(E)1010(A)
loopback
TIME-OUT OVERRIDE Logback Time-out| 1101(D)0101(5)1101(D)0110(6)
Override
IOR POWER DOWN (HLU) Removes HDSL | 0110(6)0111(7)0110(6)0111(7)
line power
Note: The left most bit arrives first in all sequences. The detection algorithm functions reliably with a random 10
® Bit Error Ratio (BER) on the facility. The IOR POWER DOWN code must remain present for the duration of
the power down mode. When this code is removed, the HLU-231 List 7B returns to its normal unlooped and
unarmed state. This is the HEX number for the 4-bit group.
6 After testimg is conplete, send the universal lpdown [IR (Intelligent Rgeater) LPDN] code if theystem is to
loopdown but remain ARMED. Send the disarm code 11100 if alldbhgment is to be loped down, disarmed
and returned to normaperation. Note that the ARMED mode has an automatic time-out of 120 minutes but this
timer is reset to 120 for grof the following events: a) Lopback terminates (manuwglbr time-out), b) Qus, ¢)
Alternate query, d) Far end activate, and €) Another ARM command.
7 All of the above lopbacks can also be initiated from the frpanel of the HLU-231 List 7B with th®lODE and
SEL push-buttons (Section C Paragraph 3.10).
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5. SYSTEM MAINTENANCE MENU SCREENS

5.1

5.2

5.3

54

5.5

5.6

5.7

Figure 16 is the Maintenance Terminal MAIN MENU Screen. Its eight sub-menus provide many
useful provisioning, test and monitoring tools.

Selection “H” from the MAIN MENU Screen allows the Circuit ID# to be set. Itis limited to 24
alphanumeric characters. It, like the system settings, is stored in NVRAM and thus remains when
power is lost. Note that the Circuit ID# is not available at the HRU-412 Maintenance Port.

Figure 17 through Figure 20 show the HLU-231 List 7B SPAN STATUS screens for Twin Doubler
applications. The SPAN 1 Screen contains data on the two HDSL loops between the HLU-231 List
7B and the first Doubler. The SPAN 2 Screen refers to the loops between the first Doubler and the
HRU-412 for single-Doubler circuits or between the first and second Doublers for two-Doubler
circuits. The SPAN 3 screen refers to the loops between the second Doubler and the HRU-412 for
two-Doubler circuits. All status screens contain the same DS1 interface information.

Note that the HDU-439, 437 “mini” doublers are distinguished from the HDU-451 doublers by their
version numbers displayed in the SPAN screen. The two mini-doublers have “ver 7.0” and above.
The HDU-451 version numbers range from 1.0 to 6.9.

Figure 21 shows the SET CLOCK Menu Screen. Both the Time and Date are set with this menu.

Set the hours and minutes, using the military (24-hour) convention. Setting the seconds is optional.
Enter the date in the sequence and format shown. List 1 HRU-412 units having software versions 6.4
and above, and all List 6, List 7 HRU-412 units can also be set to the same time and date as the
HLU-231 List 7B by entering b to the “Update Remote” query. All time information is lost when
power is removed. The last date, however, is retained in NVRAM and reappears when power is
restored.

Figure 22 shows the SYSTEM SETTINGS Menu Screen. All 14 user options can be set from this
screen. To change any option, enter its character key which is shown inside the parenthesis within
each parameter description. This causes the screen to refresh with the new. After all parameters
have been selected, prés¢Exit) thenC (Confirm). The newly selected parameters are now
activated.

Figure 23 shows the LOOPBACK MENU Screen for a two-Doubler system. Each of the four
modules can be looped back towards the network or the customer from this screen. NDU2 & CDU2
are not available for single Doubler applications and only NLOC, NREM, CLOC & CREM are
available for non-Doubler applications.

Figure 24 through Figure 27 show the PERFORMANCE DATA screens for Doubler applications.
Both the Errored and Unavailable Seconds for both HDSL loops and each T1 input are listed at 15-
minute intervals over a four hour time interval. The SPAN 1 Screen contains data on the two HDSL
loops between the HLU-231 List 7B and the first Doubler (HDU1). The SPAN 2 Screen refers to the
loops between the first Doubler (HDU1) and the HRU-412 for one Doubler circuits or between the
first and second Doublers (HDU1 & HDUZ2) for two-Doubler circuits. The SPAN 3 Screen refers to
the loops between the second Doubler and the HRU-412 for two-Doubler circuits. All status screens
contain the same DSL1 interface errors. Earlier & later data, in four-hour chunks on six different
screens per span, can be accessed by préagifrgvious) olN (Next) respectively. Performance

data from the different spans can be accessed by eng&{8man). All of the counters can be set to

“0” by pressingC (Clear) from the HLU-231 List 7B SPAN STATUS Screen shown in Figure 17
through Figure 20. Note that since the HLU-231 List 7B is considered the master module, this clears
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all performance data screens at both the HLU-231 List 7B & the HRU-412. The RS-232 terminal
interface at the HRU-412 does not allow the counters to be cleared.

Figure 28 through Figure 31 show the 7-DAY PERFORMANCE HISTORY screens for Doubler
applications. The “Errored Seconds” and “Unavailable Seconds” for both HDSL loops and each of
the two DS1 inputs are listed for the current and previous seven days. The SPAN 1 Screen contains
data on the two HDSL loops between the HLU-231 List 7B and the first Doubler (HDU1). The
SPAN 2 Screen refers to the loops between the first Doubler (HDU1) and the HRU-412 for one-
Doubler circuits or between the first and second Doublers (HDU1 & HDU2) for two-Doubler

circuits. The SPAN 3 Screen refers to the loops between the second Doubler and the HRU-412 for
two-Doubler circuits. All status screens contain the same DS-1 interface errors. All of the counters
can be set to “0” by pressirig(Clear) on the HLU-231 List 7B SPAN STATUS Screen (Figure 17
through Figure 20). Note that since the HLU-231 List 7B is considered the master module, this
clearsall performance data screens at both the HLU-231 List 7B & the HRU-412. The RS-232
terminal interface at the HRU-412 does not allow the counters to be cleared.

Figure 32 through Figure 34 show the ALARM HISTORY screens for Doubler applications. The
alarms are defined in Section A Paragraph 4.01. The LOS and PWR system alarms are common to
all spans. Only the LOSW, ES & MARGIN are span specific alarms. The PWR-OPEN and PWR-
SHRT alarms indicate alarm conditions on the HLU-231 List. Neither PWR alarm is available on
the other spans. In Figure 32 through Figure 34, the “First” & “Last” columns contain the time &
date stamp of the first & last occurrence of each alarm. The “Current” column shows the status of
each alarm. The “Count” column lists the number of times each alarm occurred. All the data can be
cleared by pressing (Clear). The maximum non-overflowing count is 999. The SPAN 1 Screen
concerns alarms that occurred on the two HDSL loops between the HLU-231 List 7B and the first
Doubler (HDU1). The SPAN 2 Screen refers to the loops between the first Doubler (HDU1) and the
HRU-412 for one-Doubler circuits or between the first and second Doublers (HDU1 & HDU2) for
two-Doubler circuits. The SPAN 3 Screen refers to the loops between the second Doubler and the
HRU-412 for two-Doubler circuits.

Table 21 shows a glossary of HiGain terms and Table 22 shows a list of HLU-231, List 7B, 4-
Character Front Panel Messages.
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TABLE 20. HLU-231 LIST 7B STATUS MENU MESSAGES

Message Full Name Description

ALARMS:

LLOS Local Loss of Signal No signal from HLU-231 List 7B local T1 interface.

RLOS Remote Loss of Signal No signal from HRU-412 remote T1 interface.

LOSW1(2) Loss of Sync Word 1(2) HDSL loop 1 or 2 has lost sync.

H1ES HDSL Loop 1 Errored Second Loop 1 CRC have exceeded the ES threshold.

H2ES HDSL Loop 2 Errored Second Loop 2 CRC have exceeded the ES threshold.

DS1 Digital Service 1 BPVs for either the HLU-231 List 7B or HRU-412 DSilirhave
exceeded the user selected ES threshold.

R(L)AIS Remote (Local) Alarm Indicatm Indicates an AIS (all “1"pattern is beig transmitted from the

Signal remote (local) T1 output port.

MAL1 Margin Alarm 1 The magin on HDSL log 1 has drpped below the threshold (1 to
15 dB) set lg the user. Settmthe threshold to 0 inhibits the ngam
alarm.

MAL2 Margin Alarm 2 The magin on HDSL log 2 has drpped below the threshold (1 to
15 dB) set lg the user. Settmthe threshold to 0 inhibits the ngam
alarm.

CHREV Channels Reversed The L& and Lo 2 HDSL pairs are reversed at the HDU-451 or
HRU-412 line iput ports. Lo 1 is pecified to cary the (-)
simplex DC voltage, and Log 2 is pecified to cary (+) simplex
DC voltage.

SMJIK Smart-Jack Loopback Lpback at HRU-412 remote towards network initiatgddin 5)
in-band logback code or out-of-band ESF data link codgyfé
15).

NREM Network Remote Loopback Lpback at HRU-412 (remote) towards network initiated from CO
(network) ty Intelligent Line Rpeater (ILR) #2 code, HLU-231
front panel MANUAL LOOPBACK push-buttons, HRU-412 front
panel push-button, or maintenance terminal (Figure 15).

NLOC Network Local Loopback Lagaback at HLU-231 List 7B (local) towards network initiated

from CO ly IOR code, HLU-231 fronpanel MANUAL
LOOPBACK push-buttons or maintenance terminal (Figure 15).

Table continued on next page
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TABLE 20. HLU-231 LIST 7B STATUS MENU MESSAGES (CONTINUED)

LOOPBACKS:

HDU1 Network Doubler 1 Loopback Laback at Doubler #1 towards network initiatedI®R code or
HLU-231 frontpanel MANUAL LOOPBACK push-buttons or
maintenance terminal (Figure 15).

HDU2 Network Doubler 2 Loopback Laback at Doubler #2 towards network initiatedI®R code or
HLU-231 frontpanel MANUAL LOOPBACK push-buttons or
maintenance terminal (Figure 15).

CLOC Customer Local Loopback Lpback at HRU-412 (local) towards Cl initiated from CRE b
ILR code or HLU-231 fronpanel MANUAL LOOPBACK push-
button or maintenance terminal (Figure 15).

CREM Customer Remote Loopback lpiack at HLU-231 List 7B (remote) towards customer initiated
by IOR code or HLU fronpanel MANUAL LOOPBACK push-
buttons, or maintenance terminal (Figure 15).

Chu 1 Customer Doubler 1 Loopback Lazack at Doubler 1 towards Cl initiategl bR code, HLU-231
front panel MANUAL LOOPBACK push-buttons, or maintenance
terminal (Figure 15).

LOOPBACKS:

CDuU 2 Customer Doubler 2 Loopback Lazack at Doubler 2 towards Cl initiategl bR code, HLU-231
front panel MANUAL LOOPBACK push-buttons, or maintenance
terminal (Figure 15).

ARM Armed The HiGain gstem has detected the IR fiack (2 in 5) armig
code.

TLOS Transmit Loss of Signal Loopback] HRU-412 is in gitdloopback state caused la loss of its T1

input from the Cl, if enabled at the HRU-412 via its TLOS switch
option.
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TABLE 21. GLOSSARY OF HIGAIN TERMS

Term

Definition

MARGINS

Indicates the excesgsal to noise ratio, at the HRU-412, HDU-451, or HLU-231 List
7B HDSL ports, relative to a T0BER. 1st value is current ngim, 2nd value is

minimum magin since (C)leared last, 3rd value is maximum value since cleared. NA
means Not Available (Igpis not in ync). The normal rage of a ypical magin is

from 22 to 6 dB.

PULSE ATTENUATION

Indicates the attenuation of the 2Bp@se from the distant end. The HiGaystem
operates withpulse attenuations in excess of 30 dB. This value is related to the cable
pair's 196 kHz loss. Thaulse attenuation is a more direct indication of theploo
attenuation to the 2B1Qggial than the 196 kHz loss. The normalgaofpulse
attenuation is from 1 to 32 dB.

PPM

Indicates the relative offset of thgstial oscillator in the HRU-412 from the HLU-231
List 7B ciystal oscillator. Ag value between -64 and +64 is gdate. Values outside

this rarmge indicate out of tolerance c@anents or excessive tgerature drift in critical

components.

HDSL 24 Hour ES
(Errored Seconds)

The number of 1 second intervals that contained at least 1 CRC error. This value is a
running total of the last 24 Hours.

HDSL 24 Hour UAS
(Unavailable Seconds)

The number of seconds the HDSL loop was out of sync.

DS1 BPV Seconds (ES)

The number of seconds in which at least 1 BPV was detected on the DS1 input.

DS1 UAS Count

The number of seconds dgsivhich the DS1 iput signal was absent (125 or more
consecutive “0”).

Frame type

Type of DS1 framing used on the input stream (SF, ESF, Unframed or No Activity).

Code type

Vpe of DS1 line codig used (AMI, B8ZS, AMI : ZBTSI or B8ZS : ZBTSI). The
latter two conditions indicate the cogdge that is beig received when the HiGain
system is set to its ZBTS mode. In either the AMI or B8ZS DS1 code mode, the Code
type digplays the selected code agposed to the codegpe that is actuaji beirg
received, which is what is displayed when set to AUTO code mode.

HLU/Ver w.x-y

“w.x" = software version number of the HLU-231 List 7By” « list # of HLU-231
List 7B.

HRU/Ver a.b-c

“a.b” = software version number of the HRU-412. “c” = list # of HRU-412.

HDU1/Ver s.t-u

“s.t.” = the software version number of the HD-451 #1. “u” = List number of the HD-
451 #1.

HDU2/Ver f.g-h

“f.g.” = the software version number of the HD-451 #2. “h” = List number of the HD-
451 #2.
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TABLE 22. HLU-231, LIST 7B 4-CHARACTER FRONT PANEL MESSAGES

Message Full Name Description

CREM Customer Remote Loopback Signal from customer is looped back to customer at HLU-231.

NLOC Network Local Loopback DSX signal is looped back to DSX at HLU.

CLOC Customer Local Loopback Signal from Customer is looped back to customer at HRU-412.

NREM Network Remote Loopback DSX signal is looped back to DSX at HRU.

SMJK Remote Smartjack Loopback gBal from DSX is loped back at HRU ypthe HRU smajack
module.

TLOS Transmit Loss Of Signal HRU is in adic loopback state caused fa loss of its T1 iput
from the CI, if enabled at the HRU via its TLOS switch option.

FERR Framing Bit Error Occurred Framing bit error occurred at HLU T1 input.

LBPV Local Bipolar Violation A bpolar violation has been received at the Tgduirto the
HLU-231.

SIGlor2 Signal 1 or Signal 2 The HLU & HRU or 1st Doubler transceiversyang to
establish contact with each other on Loops 1 or 2 of span 1.

S2Llor2 Signal 2 Loop 1 or Loop 2 The 1st Doubler and either HRU or 2nd Doubler transceivers
are tying to establish contact with each other onp®a or 2 of
span 2.

S3L1lor2 Signal 3 Loop 1 or Loop 2 The 2nd Doubler and HRU transceiveryiagettr establish
contact with each other on loops 1 or 2 of span 3.

ACQ1lor2 Acquisition 1 or Acquisition 2 The HLU & HRU or 1st Doubler nplétxers are fring to
establish synchronization over each of Loops 1 or 2 of span 1

A2L1 or 2 Acquisition 2 Loop 1 or Loop 2 The 1st Doubler and either HRU or 2nd Doublepiexittis
are tying to establishymchronization with each other on [mo
1 or 2 of span 2.

A3L1 or 2 Acquisition 3 Loop 1 or Loop 2 The 2nd Doubler and HRU rpleltiers are ring to establish
synchronization with each other on loops 1 or 2 of span 3.

H1ES HDSL CRC Error Channel 1 HLU HDSL Loop 1 CRC error.

H2ES HDSL CRC Error Channel 2 HLU HDSL Loop 2 CRC error.

ARM HiGain System ARMED Armed to respond to Intelligent Repeater Loop Codes.

ACO Alarm CutOff A minor alarm has occurred, and been retired to an ACO

condition, by pressing the SEL button on the HLU front panel.

Table continued on next page
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TABLE 22. HLU-231, LIST 7B 4-CHARACTER FRONT PANEL MESSAGES (CONTINUED)

Message Full Name Description

SELF TEST The HLU is in a self test mode. This occursyepewer
ON/OFF cycle.

ALRM Alarm Condition Exists Aminor alarm condition is in effect.

1=xx or 2=yy HDSL Loop Margins Indicates tpewer of the received HDSLgial on each

Loop relative to noise. Apvalue of ‘06’ orgreater is
adequate for reliable system operation.

PWR FEED SHRT

Power Feed Short

Indicates a short between the 2 p#idSlin $an 1. This
same mesgg can occur with an HRU that is dragithe
correct amount gbower overgood cablepairs but cannot
communicate with the HLU.

PWR FEED OPEN

Power Feed Open

Indicatesnaircuit in the T&R of either HDShair in
Span 1.

PWR FEED OFF

Power Feed Off

HDShas) power has been turned off Isettirg the PWFD
option to DIS.

Revision 02

BAD RT? No response from HRU The HLU does not receiweragponse from the HRU.
Thus, the HRU's integrity is questionable.

VER HLU Software Version # This is ¢ikayed durirg the §stem Settigs review mode.
Depress th/ODE button for 3 seconds.

LIST OxL HLU's List # Displayed durirg System Settigs review mode defined
above.

FRM Frame:SF,ESF,UNFR,NONE Defines tlypd of framepattern beig received from the
DSX-1. Digplayed durirg System Settigs mode defined
above.

LOSW Loss of Sync Word Indicates that 1 of the HDSLpwbas lostync. Causes a
minor alarm.

LLOS Local Loss of Signal Indicates that ngrsal is detected at the Tlpat to the
HLU. Causes a minor alarm.

RLOS Remote Loss of Signal Indicates that ngnsil is detected at the T1gut to the
HRU. Causes a minor alarm.

DS1 DS1 BPV errors Indicates that the number of BPVs at the HLU or HRU DS1
inputs have exceeded the 24 hour ES threshold. Causes a
minor alarm.

DSO DSO Blocked Channels Indicates status of DSO blocked channels. NONE indicates
no channels are blocked. BLK indicates some channels are
blocked.

MAL1(2) Margin Alarm Loop 1 or 2 The mgin on HDSL log 1 (2) has drpped below the

threshold (1 to 15 dB) set by the user.
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HI-GAIN HLU-231

MAINTEHAHCE TERMIHAL HMAIN HEHU
CIRCUIT ID#:

A. UVIEYW SPAH STATUS

B. SET CLOCK

C. SYSTEHM SETTIHGS

D. LOOPBACK MODE: HOHE

E. VIEYW PERFORMAHMCE DATA

F. UVIEW PERFORMAHMCE HISTORY
G. VIEYW ALARM HISTORY

H. ENTER CIRCUIT ID #

{ver U2_.SL-087B)

Figure 16. HLU-231 List 7B Main Menu.

SPAH 1 STATUS
{ HLUfver2 S—-8007B-HDU1sverB._0-00FF)
TIME: B8A:-L9:88
DATE: B7/708/96 CIRCUIT ID#: Pasadena Lab
ALARMS - LAIS HMAL1 HALZ
LOOPBACK : OFF
HLU HDUA
HDSL-1 HDSL-2 HDSL-1 HDSL-2
cursmin/smax cur/sminsmax cur/minsmax cur/min/max
MARGIHN: 28/18/728 217197522 aa/e88/008 ag/88/00 dB
PULSE ATTH: a1 aag aag dB
IHS LOSS: a1 [5]5] [5]5] dB
PPM OFFSET: aag 13 13 pPpm
24 HOUR ES: aaaa3 aaaa3 agaaa aaaai seconds
24 HOUR UAS: agaos agaoz? agai1s ggggs seconds
D51 STATUS
HLU HRU
24 HOUR BPU Seconds: agaas agaas
24 HOUR UAS Count: aaas1 aaazz
Frame type: Unframed HiA
Code type: AMI HfA
(E)xit {(C)lear (U)pdate (S}panl

Figure 17. HLU-231 List 7B Status Display - Span 1 (1 or 2 Doublers).

HiGain Line Unit HLU-231 PairGain Engineering - Plant Series

Page 65



Section 150-231-172 January 31, 1997 Revision 02

SPAH 2 STATUS
(HDUA fver1.2-80FF: HRU/ver1.6-80806)
TIME: O1:37:46

DATE: B83721/96 CIRCUIT ID#: Pasadena Lab
ALARMSE = CHREU LAIS RAIS LLOS RLOS
LOOPBACK: OFF

HDU1 HRU

HDSL-1 HDSL-2 HDSL-1 HDSL-2
cur/smin/max cur/smin/max cur/minfmax cursminfmax
MARGIHN: 227808/23 22788723 227520522 22728722 dB
PULSE ATTH: an a1 an a1 dB
IHS LOSS: a8 a1 a8 a1 dB
PPM OFFSET: aa aa 21 22 Ppm
24 HOUR ES: aaaaz apaaz aaaas afe18 seconds
24 HOUR UAS: gaau3 aoou1 aaez6 a0t seconds
DE1 STATUS
HLU HRU

24 HOUR BPU Seconds: gaoaa gaoas
24 HOUR UAS Count: 5851 5597
Frame type: Ho Activity Ho Activity
Code type: AMI AMI

(E)xit (C)lear (U)pdate (S)pan

Figure 18. HLU-231 List 7B Status Display - Span 2 (1 Doubler).

SPAH 2 3TATUS
{HDU1/ver1.2-80FF tHDUZ fver1.4-080803)
TIME: @81:41:4h4
DATE: 187187594 CIRCUIT ID#: Pasadena Lab

ALARMS = HOHE
LOOPBACK: OFF

HDUA HDU2Z2
HDSL-1 HDSL-2 HDSL-1 HDSL-2
cur/smin/max cur/sminfsmax cur/sminsmax cur/min/max
MARGIH: 227008523 22700723 22008523 21/7088/22 dB
PULSE ATTH: ag a1 a1 a1 dB
PPFH OFFSET: ag ag i} aag Ppm
24 HOUR ES: aaBaa aoaaz [SLilslin] ageed seconds
24 HOUR UAS: agoe9 age13 agea9 88813 seconds
D51 STATUS
HLU HRU

24 HOUR BFU Seconds: agoes aae13
24 HOUR UAS Count: aaBaa aas12
Frame type: Unframed Unframed
Code type: AMI AMI

{E}xit {C)lear (U)pdate (S}panl

Figure 19. HLU-231 List 7B Status Display - Span 2 (2 Doublers).
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SPAH 3 STATUS
(HDUZ2/ver1.4-8883 - HRUSver1.6—-8087)
TIME: 81:-:43:-89

DATE: 18518794 CIRCUIT ID#: Pasadena Lab
ALARHS : CHREU
LOOPBACK: OFF

HDUZ HRU

HDSL -1 HDSL-2 HDSL-1 HDSL-2
cur/sminsmax curJsminsmax cursminsmax curSsminsmax
MARGIH: 21788522 21/500/22 21519722 28719722 dB
PULSE ATTH: aa ag aa ag dB
PPM OFFSET: aa ag a1 a1 ppm
24 HOUR E5: agaan afaa agaae A8AA7Y sSeconds
24 HOUR UAS: aoeas oae1y aae17 08888 seconds
D51 STATUS
HLU HRU

24 HOUR BFPV Seconds: agaas aga13
24 HOUR UAS Count: aoeoa aae12
Frame type: Unframed Unframed
Code type: AMI AMI

(E)xit (C)lear {(U)pdate (S)panl

Figure 20. HLU-231 List 7B Status Display - Span 3 (2 Doublers).

SET CLOCK
TIME:z 81:44:56

DATE: 18518594
CIRCUIT IDH: Pasadena Lab

Format:z HH:-HMHM
MMADDFAYY

HEW TIHME:

HEW DATE:

(UYPDATE REMOTE<ZR

Figure 21. HLU-231 List 7B Set Clock Menu.
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SYSTEM SETTIHGS

CIRCUIT ID#H: Pasadena Lab

TIME: B8:38:47

DATE: B7fBB/96
E{QYUALIZATION: EXT
SHART-JACHK (L)B: EMABLE
{(SIPECIAL LPBK: GHLE
{(PJIOLWER: 200
{(ZIBTSI: OFF

E%Z ALARM TH(R)ES: HOHNE
LOOPBACK (T)IMEOUT: 68
{(AJLARHM: DISABLE
{D)51 LINE CODE: AMI
{FIRAMIHNG - AUTOD
AIS OH (H)YDSL LOSW: 2 LOOPS
AIS OH S{M)JKSHREM: EHABLE
MAR{G)IH ALH THRES: 4

D50 (BILOCKIHG: xx — Blocked Channels

A1 82 63 84 B85 A5 67 68 A2 18 11 12 123 14 15 16 17 118 19 28 21 22 23 24

(E)xit

Enter the letter in parenthesis (X} to change any setting]

Figure 22. HLU-231 List 7B Systems Settings Menu.

TIME: 81:-22:54
DATE: 18518594
CIRCUIT IDH:

Pasadena Lab

LOOFPBA

A. DISABLE
B. HETWORK
C. HETWORK
D. HETWORK
F. HETWORK
G. CUSTOMER
H. CUSTOMER
I. CUSTOMER
J. CUSTOMER
(

CK MEHU

LODOPBACKS

LOOF HLU

LOOF HRU

LODOF DOUBLER 1

LOOF DOUBLER 2

LOOF HLU

LOOF HRU

LODOF DOUBLER 1
LOOF DOUBLER 2

Eyxitl

(HLOC)
{NREH)
{NDU1)
(NDU2)
{CREH)
{CLOC)
{CDU1)
(CDU2)

Figure 23. HLU-231 List 7B Doubler Loopback Menu.

Page 68

PairGain Engineering - Plant Series

HiGain Line Unit HLU-231



Revision 02 January 31, 1997 Section 150-231-172

Date: 1685108594 %PAH 1 PERFORHMAHCE DATA
CIRCUIT IDH: Pasadena Lab
ERRORED SECOHMDSUNAUVAILABLE SECOHDS
D51 HDSL-1 HDSL-2
HLU HRU HLU HDUA HLU HDUA
22:-088 ad8s49080 ad8s49080 ad8s49080 agasa880 agasa880 agasa880
22:15% a0as 888 a0as 888 a0as 888 agas 888 agas 888 agas 888
22:-38 apas 8088 apas 8088 apas 8088 apas 888 apas 888 apas 888
22:45 aoos 000 ao6/s000 ao6/s000 aa6/s0888 aa6/s0888 aa6/s0888
23:-08 agasa000 agasa000 agasa000 agasa00 agasa00 agasa00
23:15% a0as 888 a0as 888 a0as 888 agas 888 agas 888 agas 888
23:-38 a0as 888 a0as 888 a0as 888 agas 888 agas 888 agas 888
23:-45 aoos 000 ao6/s000 ao6/s000 aa6/s0888 aa6/s0888 aa6/s0888
ag:-o08 aoos 000 ao6/s000 ao6/s000 aa6/s0888 aa6/s0888 aa6/s0888
aa:-15% agz2 /-49080 047 ya8o6 gL s an2 S16/7889 agz2 s 7 a8 ad8sa75
aB:-38 803 /08488 8067 8386 |04 B2 7F 3157885 apas5s53 a1 /529
af:-u5 apas 8088 apas 8088 apas 8088 apas 888 apas 888 apas 888
a1:-88 aoos 000 ao6/s000 ao6/s000 aa6/s0888 aa6/s0888 aa6/s0888
21:15% agasa000 agasa000 agasa000 agasa00 agasa00 agasa00
a1:-38 a0as 888 a0as 888 a0as 888 agas 888 agas 888 agas 888
a1:-45 a0as 888 a0as 888 a0as 888 agas 888 agas 888 agas 888
(E)=it (P)revious (H)ext (S)pan|

Figure 24. HLU-231 List 7B Performance Data - Span 1 (1 or 2 Doublers).

Date: 83721796 SPAH 2 PERFORHMAHCE DATA
CIRCUIT ID#: Pasadena Lab
ERRORED SECONHDS/UHAVAILABLE SECOHNDS

Ly | HDSL-1 HDSL-2
HLU HRU HDUA HRU HDUA HRU
21:45 ages008 0007000 0007000 006/000 0005008 0007000
22:-80 age/s06008 00870080 0OPB/70P0 POG/000 000008 06087008
22:15 Age/008 000/008 0007000 000/000 Q0057008 0007000
22:-30 age/0600 0087000 0OPB/F0PB POG/000 0O0S008 06087008
22:45 Age/008 000/008 0007000 000/000 Q0057008 0007000
23:-80 age/0600 0087000 0OPB/F0PB POG/000 0O0S008 06087008
23:1% a0gg/008 000/70080 0007000 006/000 0007000 0007000
23:-30 age/0600 0087000 0OPB/F0PB POG/000 0O0S008 06087008
2345 a0gg/008 000/70080 0007000 006/000 0007000 0007000
fa:-80 age/0008 0087008 0OPB/SO0PB PAOB/P00 AOGS008 0087008
a@:-1% a0a/898 0037820 40170085 0027000 0617005 063/7000
fa:-30 age/96808 0087900 0OPB/S0PB PAOG/P00 AOGS008 0087008
B@:-4% age/9608 0008/900 0007000 0067000 0007008 0007000
B1:88 gge/968 006/900 000/000 006/0080 0087008 0067080
81:1% age/9600 0007200 0007000 0067000 0007000 0007000

81:38 gge/968 006/900 000/000 006/0080 0087008 0067080

(E)xit (P)revious (H)ext (S)pan]]

Figure 25. HLU-231 List 7B Performance Data - Span 2 (1 Doubler).
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Date: 185187594 SPAH 2 PERFORMAHCE DATHA
CIRCUIT IDH: Pasadena Lab
ERRORED SECOHDSfUHAUVAILABLE SECOHDS
DS HDSL-1 HDSL-2
HLU HRU HDU1 HDUZ? HDU1 HDUZ?
22:-84 aaesaan aaesaan aaesaan aaas8aa aaas8aa aaas8aa
22:15% g86/6808 008/0608 0867080 008/0608 06867080 0087008
22:320 806/000 000/000 0007000 0OO0O/7000 0007000 0007000
22:-45 aaeysaan aaeysaan aaeysaan aaay/s8an aaay/s8an aaay/s8an
23:88 g86/0808 008/008 0867080 00870080 0867080 0087008
23:15 g06/70808 008/008 0867080 0087008 0867080 0087008
23:308 gge/s 000 gge/s 000 gge/s 000 aaa/s 888 aaa/s 888 aaa/s 888
23:-45 aaesaan aaesaan aaesaan aaas8aa aaas8aa aaas8aa
g8a: 88 g86/6808 008/0608 0867080 008/0608 06867080 0087008
8a:-15 ge2/088 667/806 0867086 00178605 68176085 00087004
Aad:-3a aa3/sa8an 806/ 886 aaea/s 003 51515 FEgs]s i aa1 /0888 aaays gL
515 f= L aaes008n aaes008n aaes008n aaes 888 aaes 888 aaes 888
81:88 g06/70808 008/008 0867080 0087008 0867080 0087008
81:1% 806/000 000/000 0007000 0OO0O/7000 0007000 0007000
a1:-3a aaeysaan aaeysaan aaeysaan aaay/s8an aaay/s8an aaay/s8an
81:-45% g86/6808 008/0608 0867080 008/0608 06867080 0087008
(E)xit (P)revious (M)ext (S)pan]]

Figure 26. HLU-231 List 7B Performance Data - Span 2 (2 Doublers).

Date: 18518594 SPAH 2 PERFORMAHMCE DATA
CIRCUIT IDH: Pasadena Lab
ERRORED SECOHDSAUHAVAILABLE SECOHDS

DS HD3SL-1 HDSL-2
HLU HRU HDU2 HRU HDU2 HRU
22:4848 8887880 dJU8/008 O00/0098 Q087008 G499/7008 0087008
22:1% g06/000 0O0o/000 O00/000 0068/000 0007000 00070008
22:38 8887880 dJU8/008 O00/0098 Q087008 G499/7008 0087008
22:45 g06/000 0O0o/000 O00/000 0068/000 0007000 00070008
23:488 8887880 dJU8/008 O00/0098 Q087008 G499/7008 0087008
23:1% g06/000 0O0o/000 O00/000 0068/000 0007000 00070008
23:38 8887880 dJU8/008 O00/0098 Q087008 G499/7008 0087008
23:45 g06/000 0O0o/000 O00/000 0068/000 0007000 00070008
ga:-00 888/7000 00070008 0007000 0067000 000/7000 000750008
8a8:15 8827000 0977006 O00/003 065/008 0007007 00470008
ga:-3o0 8837000 0067006 0007002 004009 0861/7007 003750008
808:-45 g06/000 0O0o/000 O00/000 0068/000 0007000 00070008
81:-00 888/7000 00070008 0007000 0067000 000/7000 000750008
81:15 g06/000 0O0o/000 O00/000 0068/000 0007000 00070008
81:-30 888/7000 00070008 0007000 0067000 000/7000 000750008
81:45 g06/000 0O0o/000 O00/000 0068/000 0007000 00070008

(E)}=xit (P)revious (H)ext (S)pan]]

Figure 27. HLU-231 List 7B Performance Data - Span 3 (2 Doublers).
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Time:

82:51:33

GCIRCUIT ID#: Pasadena Lab

168583
167504
187685
18786
18787
16708
16709

7 DAY HISTORY

SPAH 1

ERRORED SECOHDS/UHAVAILABLE SECOHDS

D31

HLU
agoaea/s 00000
agoaea/s 00000
ageaa/a06aa
aapaa/aaaaa
1515 T s Is sl ]
600006/ 00000
600006/ 00000

current 080082700008

HRU
agoaea/s 00000
agoaea/s 00000
ageaa/a06aa
aapaa/aaaaa
1515 T s Is sl ]
600006/ 00000
600006/ 00000
agoz2e/00018

HD3L-1

HLU
agoaea/s 00000
agoaea/s 00000
ageaa/a06aa
aapaa/aaaaa
1515 T s Is sl ]
600006/ 00000
600006/ 00000
00009/02199

(E)xit

HDUA
agoaea/s 00000
agoaea/s 00000
ageaa/a06aa
aapaa/aaaaa
1515 T s Is sl ]
600006/ 00000
600006/ 00000
60931/00018

(Sypanj]

HD3L-2

HLU
agoaea/s 00000
agoaea/s 00000
ageaa/a06aa
aapaa/aaaaa
1515 T s Is sl ]
600006/ 00000
600006/ 00000
agoa4/ 03391

HDUA
agoaea/s 00000
agoaea/s 00000
ageaa/a06aa
aapaa/aaaaa
1515 T s Is sl ]
600006/ 00000
600006/ 00000
60061/01208

Figure 28. HLU-231 List 7B Performance Data History - Span 1 (1 or 2 Doublers).

CIRCUIT ID#H:

Pasadena Lab

D3E1
HLU HRU
a3/ 14 g000B/000008 B8006A/ 00000
a3 /15 g000B/000008 B8006A/ 00000
a3/16 g000B/000008 B8006A/ 00000
a3 /7 g000B/000008 B8006A/ 00000
a3 18 90000/ 00000 0000000000
a3/ e 90000/ 00000 0000000000
a3s2e 90000/ 00000 0000000000
current 00000706282 00008706028

SPAN 2
ERRORED SECOMDS/sUMHAUAILABLE SECOHNDS

HDSL-1

HDUA
aggee/sa000a
aggee/sa000a
aggee/sa000a
aggee/sa000a
aggee/ 00000
aggee/ 00000
aggee/ 00000
agaez /00043

(E)xit

HRU
aogeas o080
aogeas o080
aogeas o080
aogeas o080
a0088/s 00000
a0088/s 00000
a0088/s 00000
20888 /9080826

(sypanfl

HDSL-2

HDUA
aggee/sa000a
aggee/sa000a
aggee/sa000a
aggee/sa000a
aggee/ 00000
aggee/ 00000
aggee/ 00000
agaez/sa0au1

HRU
ape0a/snea
ape0a/snea
ape0a/snea
ape0a/snea
a0000/s 0o0:
a0000/s 0o0:
a0000/s 0o0:
a0e10/ 0001

Figure 29. HLU-231 List 7B Performance Data History - Span 2 (1 Doubler).
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Time: B2:54:40 ¥ DAY HISTORY
CIRCUIT ID#: Pasadena Lab
SPAH 2
ERRORED SECOHDSfUHAUAILABLE SECOHDS
DE1 HDSL-1 HDSL-2
HLU HRU HD U1 HDU2 HDU1 HDUZ2
18583 a08080/00000 0000000080 AOOO0B/000080 00000700008 0000H/700000 0A0A0/B0008
187684 ABABB/BARAA ABARO/O0AOAR AOAOA/ABORA0 OABOASA0AMA OABAASDO00BA O0AOBBSsBORO0A
18785 ABABB/BARAA ABARO/O0AOAR AOAOA/ABORA0 OABOASA0AMA OABAASDO00BA O0AOBBSsBORO0A
18786 ABABB/BARAA ABARO/O0AOAR AOAOA/ABORA0 OABOASA0AMA OABAASDO00BA O0AOBBSsBORO0A
18787 A0@00/00000 00000700000 AOOO0G/00000 0000700000 00000700000 00000700000
187088 A0A00/00000 0000000000 AOAOGB/000P0 O0O0BO00/700008 0000G/700000 00000700000
18789 A0A00/00000 0000000000 AOAOGB/000P0 O0O0BO00/700008 0000G/700000 00000700000
current 000092700000 00020/00018 00000700014 00001700014 00003700017 00001700017
(Eyxit (s)pan]j
Figure 30. HLU-231 List 7B Performance Data History - Span 2 (2 Doublers).
Time: B2:57:23 ¥ DAY HISTORY
CIRCUIT ID#: Pasadena Lab
SPAH 3
ERRORED SECONHDS/SUHAUVAILABLE SECOMDS
DsA HDSL-1 HDSL-2
HLU HRU HDUZ2 HRU HDUZ2 HRU
18583 B0P00/00000 00000700000 A00O0A700000 00000700000 ADOOGF000D0 0OOOO/700000
16704 AP0 0000A O0ABOOSDBAAR AABOASD0000 OOBOD/D0ABA ADBAASF000PO ABOOD/sO00BAB0O
187585 00000/ 00000 0900000080 A000A/00000 00000700000 AQ00O0F00080 000408/ 00000
18586 B0P00/00000 00000700000 A00O0A700000 00000700000 ADOOGF000D0 0OOOO/700000
18587 AP0 0000A O0ABOOSDBAAR AABOASD0000 OOBOD/D0ABA ADBAASF000PO ABOOD/sO00BAB0O
18788 00000/ 00000 0900000080 A000A/00000 00000700000 AQ00O0F00080 000408/ 00000
148789 B0P00/00000 00000700000 A00O0A700000 00000700000 ADOOGF000D0 0OOOO/700000
current 60809700080 AABAZ2AS00018 APOO01/700011 BABB13/780023 A0BA1 /700020 ABO011/700880
(Ey=xit (3)pan]

Figure 31. HLU-231 List 7B Performance Data History - Span 3 (2 Doublers).
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ALARM HISTORY
TIME: B82:81:5%5
DATE: 18/18/94
CIRCUIT ID#: Pasadena Lab
Type First Last Current Count
LOS, DE1-HLU DK 15l ]
LO%, DE1-HRU DK 15l ]
SPAN1 LOSW, HDSL1 18518/94-88:080 18/16/94-88:23 0K a8z
SPAH1 LOSW, HDSLZ2 168518/704-88:04 18/18/94-006:083 0K aaz
SPAH1 ES, HDSLA 0K a8ae
SPAM1 ES, HDSL2 DK aaa
SPAH1 HMARGIH LA 18/18/94-008:-008 18518/794-08:24 DK |83
SPAHM1 MARGIH L2 18/18/94-0808:-0808 18/18/794-808:24 DK ey
PUWR-OPEH 18/18/94-88:-83 18/18/94-88:23 DK aez
PUWR-SHRT 18/168/94-008:-0808 18/16/94-008:0808 0K aa1
LAST CLEARED: HOHE
(E)xit (C)lear (U)pdate (S)panf]
Figure 32. HLU-231 List 7B Alarm History - Span 1 (1 or 2 Doublers).
ALARM HISTORY
TIME: B2:84:16
DATE: 18518794
CIRCUIT ID#: Pasadena Lab
Type First Last Current Count
LOS, DS1-HLU DK 15l ]
LOS, DE1-HRU 0K a8ae
SPAH2 LOSW, HDSL1 18/18/94-08:068 18/18/794-08:83 DK aaz
SPAN2 LOSW, HDSLZ 18518/94-88:00 18/16/94-006:83 0K aaz
SPANH2 ES, HDSLA DK aaa
SPANH2 E5, HDSL2 0K 51515}
SPAH2 MARGIH L1 18/168/94-00:-00 18/18/794-088:24 0K a8z
SPAH2 HMARGIH L2 18/18/94-00:-008 18/18/794-0808:24 DK |83
PUWR-OPEH 18/18/94-88:-83 18/18/94-88:23 DK aez
PUR-SHRT 18/18/924-00:-00 18/18/794-00:008 0K aa1
LAST CLEARED: HOHE
(E)xit (C)lear (U)pdate (S}panl

Figure 33. HLU-231 List 7B Alarm History - Span 2 (1 or 2 Doublers).
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ALARM HISTORY

TIME: 82:86:37
DATE: 18/518/94
CIRCUIT ID#: Pasadena Lab

Type First Last Current Count
LOS, DS1-HLU OK gan
LOS, DS1-HRU 0K aaa
SPAN3 LOSW, HDSL1 18/18/94-80:00 18/18/94-008:-83 OK a2
SPAH3 LOSW, HD3L2 18/18/94-80:080 18/18/94-08:-83 OK gaz2
SPAN2 ES, HDSLA oK aoo
SPAH3 ES, HDSL2 OK gan
SPAH3 MARGIH LA 18/168/94-00:088 18/18/794-08:25 OK a2
SPANZ MARGIH L2 18/18/94-00:00 18/18/94-00:00 oK am
PYR-OPEH 18/18/94-008:-83 18/18/94-08:23 OK a2
PUR-SHRT 18/168/94-00:088 18/168/94-00:088 OK am

LAST CLEARED: HOHE

{E)xit (C)lear {U)pdate {S}panl

Figure 34. HLU-231 List 7B Alarm History - Span 3 (2 Doublers).
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