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TECHNICAL REFERENCE NOTICE

This Technical Reference is published by Ameritech Services Incorporated for the purpose of
assisting customers in determining the type of equipment that is necessary for the termination
of Type I digital service. Type I digital service provides subrate digital data rates of 2.4, 4.8, 9.6,
or 56.0 kilobits per second between the Ameritech Operating Company central offices and the
customer’s location. This document also serves to inform the manufacturers and vendors of
digital service terminating devices of the electrical requirements for connection to the Ameritech
Operating Companies network.

Ameritech reserves the right to revise this document for any reason, including but not limited to,
conformity with standards promulgated by various agencies, utilization of advances in the state
of the technical arts, or the reflection of changes in the design of any equipment, techniques or
procedures described or referred to herein. Liability to anyone arising out of use or reliance
upon any information set forth herein is expressly disclaimed and no representations or war-
ranties, expressed or implied, are made with respect to the accuracy or utility of any information
set forth herein.

This document is not to be construed as a suggestion to any manufacturer to modify or change
any of its products, nor does this document represent any commitment by Ameritech or any
Ameritech Operating Company to purchase any product, whether or not it provides the de-
scribed characteristics.

Nothing contained herein shall be construed as conferring by implication, estoppel, or otherwise
any license or right under any patent, whether or not the use of any information herein neces-
sarily employs an invention of any existing or later issued patent.

Ameritech does not recommend products and nothing contained herein is intended as a recom-
mendation of any product to anyone.

Document may be ordered from Ameritech by contacting the Document Order Center at (847)
248-4324.
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1. GENERAL

This document describes the Ameritech Operating Companies (AOC) digital service interface
between the AOC network and the customer’s digital data terminal equipment in compliance
with the Third Notice of Proposed Rulemaking issued June 14, 1983 in Docket FCC 81-216.
This technical reference is intended to provide all necessary information to enable implementa-
tion of digital service circuits with the network interface defined at a point where the signal has
not been reshaped into a standard digital signal. This document will involve all Ameritech Oper-
ating Companies, vendors, and customers gain experience with the provision of digital service.
The interface specification is loop transmission system dependent and is, therefore, subject to
change. The document is composed of several sections:

• Section 1 - GENERAL -

Briefly describes the digital service interface and covers testing and maintenance con-
siderations.

• Section 2 - DIGITAL LOOPS -

Describes the makeup of and requirements for digital service loops.

• Section 3 - TRANSMITTED PULSE SHAPING REQUIREMENTS -

Defines amplitude and pulse shaping requirements of the transmitted signal.

• Section 4 - RECEIVED SIGNAL CHARACTERISTIC -

Defines and receives signal characteristics.

• Section 5 - CUSTOMER PROVIDED EQUIPMENT REQUIREMENTS -

Defines customer provided equipment requirements.

• Section 6 - DIGITAL SERVICE CODING REQUIREMENTS -

Defines customer equipment encoding and decoding requirements.

• Section 7 - TIMING AND JITTER -

Defines timing accuracy and jitter - customer to network and network to customer.

• Section 8 - PHYSICAL NETWORK INTERFACE -

Defines the physical network interface.
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1.1. Network Interface

1.1.1. Customer’s Side of Network Interface

The functions required on the customer side of the network interface to assure compatible op-
eration include:

• Balanced loop terminations

• Arrangements for remote loopback testing by the AOC’s.

• Coding and decoding of the signal

• Timing recovery

• Synchronous sampling

• Formatting

• The generation and recognization of control signals.

1.1.2. Office Channel Unit (OCU)

The customer provided equipment will communicate with the OCU in the serving central office.
4 OCU speeds are available to match the 4 customer speeds, 2.4, 4.8, 9.6, and 56.0 kilobits
per second (kb/s). The OCU functions are to:

• Transmit outgoing loop signals to the station.

• Regenerate incoming loop signals.

• Assemble the data signals into a suitable format for network multiplexing and for
loop transmission.

• Provide sealing current to the loop.

• Transmit and detect control signals.

• Transmit loopback control signals to the loop.
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1.1.3. Time-Division Multiplexers

Timer division multiplexing is used for the efficient transmission of data between central offices.
Since this is a full duplex system (independent transmission paths in both directions), multiplex-
ing and demultiplexing occur simultaneously.

1.1.4. Network Synchronization

A synchronous timing signal, which is traceable to the Basic Synchronization Reference Fre-
quency (BSRF), is applied to all digital service equipment at the A.O.C. central offices. This
ensures that the data signals are synchronous, thus sampling takes place at the same fre-
quency throughout the network.

The network synchronization is designed so that phase jitter and phase hits do not propagate
through the network. The synchronization network is arranged so that the clocking devices
have alternate supply sources and/or sufficient frequency accuracy to continue service without
interruption.

1.2. Testing and Maintenance

Testing and maintenance are an integral part of the digital network. The A.O.C. personnel can
conduct remote tests which permits isolation and identify the required correction of trouble con-
ditions. If customers suspect trouble on their digital service channel, they should call the
provided telephone number for trouble reporting. A detailed customer explanation of a specific
trouble on the digital service channel is a useful aid in expediting repairs. The reporting cus-
tomer is expected to assist in the analysis of the problem. It is also expected that the customer
will first check and determine that his terminal equipment is functioning properly before contact-
ing the A.O.C.

In event of a customer trouble report, the A.O.C. will test the digital service channel. Such tests
will cause the brief removal of customer data. These tests will be performed upon receiving a
report of trouble from the customer, and it is essential to good service that customers will be
willing to release their channel when testing by the A.O.C. personnel is required. The A.O.C.
will not intentionally disturb the digital service channel without first receiving permission from
the customer.

1.2.1. Remote Testing

Most tests of a digital service channel will not require the A.O.C. personnel visit to the cus-
tomer’s premises, providing the customer has provisioned himself with station equipment as
stated later in this document. Remove tests are then under control of the A.O.C. personnel who
can remotely loopback the digital service channel at the customer’s premises, permitting the
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A.O.C. personnel to evaluate the circuit operation. Thus, customer equipment which provides
loopback capability is essential at all times to permit the A.O.C. personnel to perform remote
testing.

1.2.2. Trouble Conditions

Where there is a failure in the inter-office digital facilities the network will detect the failure and
a repetitive “Out-Of-Service” or “Out-Of-Frame” signal is sent to the customer’s equipment. A
failure in the local loop cannot be detected as such. When no signal condition is received on
the loop side of the OCU a repetitive “Idle” or “Out-Of-Service” signal is sent towards the
network. The type of signal sent is dependent upon the vintage of the OCU. Therefore, if a ter-
minal receives an “Idle” or “Out-Of-Service” message when data is expected, the customer
should check the far-end transmitting terminal. If the far-end is transmitting data, the customer
should report the problem to the A.O.C. Also, a local loop failure may be recognized at the cus-
tomer’s equipment by the absence or distortion of the digital signals.

2. Digital Loops

The following describes the makeup of, and design requirements for digital loops.

2.1. Loop Design

Line receivers for loop operation require equalization of the frequency dependent attenuation in
the cable. Principal design assumptions are:

A. Both line drivers and line receivers present a balanced configuration and an ap-
proximate 135 ohm resistive impedance to the line from 100 Hz to 4 times the
Nyquist frequency as specified in Table 1.

B. Loop cable is non-loaded with a nominal .083 uf/mile shunt capacitance Cables of
19, 22, 24 and 26 gauge may be encountered, and may be mixed in a given loop.
Actual capacitance may vary significantly with gauge and type of insulation, but
grossly different characteristics, such as those of open wire, are not acceptable.
Appendix A lists the primary and secondary transmission constants for a variety
of cables. While the list is representative, it is not exhaustive.

2.2. Loop Assignment and Loss

A loop is a candidate for digital assignment if its one way (2 wire) actual insertion loss between
the Network Interface and OCU with 135 ohm terminations is equal to or less than 28 dB at the
Nyquist (1/2 the bit rate) frequency. For the 4 digital service frequencies the Nyquist rates are
given in Table 1.
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Table 1.
Digital Service Frequencies

Digital Service Rate Nyquist Frequencies

2.4 kb/s 1.2 kHz

4.8 kb/s 2.4 kHz

9.6 kb/s 4.8 kHz

19.2 kb/s 92 kHz

56.0 kb/s 28.0 kHz

2.3. Loop Conditioning

As noted above, digital loops will be non-loaded, bridged capacitors will be removed, and
bridged taps will be limited as in Table 2:

Table 2.
Bridg ed Tap Limitations

Bit Rate Total Bridg ed Tap Long est Single Tap

2,4, 4.8 or 9.6 kb/s 6000 ft. 6000 ft.

19.2 and 56 kb/s 2500 ft. 2000 ft.

2.4. Digital Loop Requirements

Interference and Noise Detailed rules for pulse shaping, given in Section 3, are intended to
minimize the risk of interference from digital service into other services as they exist in the loop
plant.

Noise requirements are based on both ends of the cable being terminated in 135 ohms. Re-
quirements are established for the AT&T Technologies Company 6F Noise Measuring Sets (or
equivalent) equipped with a filter whose pass band is approximately 40 Hz to 30 kHz. This filter
is used for all digital services signaling rates.

A steady background noise (e.g., thermal noise) requirement, based on a voltage magnitude
averaging meter characteristic is given in Table 3.
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Table 3.
Backgr ound Noise Requirements

Data Rate 40 Hz to 30 kHz Backgr ound Noise Level

2.4 kb/s -42 dBm

4.8 kb/s -45 dBm

9.6 kb/s -53 dBm

19.2 kb/s -56 dBm

56.0 kb/s -56 dBm

Impulse noise levels may approach digital signal levels on longer cables. Again, the 135 ohm
termination and 40 Hz to 30 kHz filter characteristic are assumed. Measurements are made at
a fixed threshold, and the crossing of that level is considered an impulse event. Following any
crossing of the threshold, additional crossings are ignored for a period of 200 ms.

The impulse thresholds are given in Table 4:

Table 4.
Impulse Noise Requirements

Data Rate Impulse Noise Threshold

2.4 kb/s -26 dBm

4.8 kb/s -29 dBm

9.6 kb/s -37 dBm

19.2 kb/s -40 dBm

56.0 kb/s -40 dBm

2.5. 19.2 Kb/s Loop Format

The loop format for 19.2 kb/s is identical to the subrates. 2.4, 4.8, and 9.6 kb/s, as specified in
Section 3.1 and 3.4.1 of TA-TSY-000077 and Section 3 of TA-TSY-000083, except for the
higher bit rate. Data bits are generated at 19.2 kb/s.

All control codes and XOV sequences remain the same as those currently being used.
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Pulse amplitudes are identical to that as specified for 2.4, 4.8, and 56.0 kb/s in Section 3.1.2 of
this document. A single pulse shaping pole at 1.3 times the bit rate must be provided. The ad-
ditional loss (notch filters) specified for subrates should NOT be used.

The local facility design is 34 dBm at the nyquist frequency of 9.2 Khz. For 26 gauge cable this
criteria corresponds to a maximum length of 21 Kft.

Until standards for 19.2 Kb/s are developed by the responsible agencies the bridged tap limita-
tions, background noise and impulse noise requirements are the same as those for 56 kb/s.

3. Transmitted Pulse Shaping Requirements

The basic digital service bipolar coding scheme utilized a 50% duty cycle return to zero pulse
format. It is the purpose of this section to define strict requirements on amplitude and pulse
shaping to provide a signal which can be properly recovered by a digital service OCU and to
minimize the risk of interference in the loop plant. Interference limitations are discussed in Sec-
tion 3.1 and standard signal limitations in Section 3.2.

3.1. Interference Limitations

To minimize the risk of crosstalk interference in the loop plant, it is necessary to constrain the
frequency distribution of energy in the digital service signal. The development of the constraint
is as follows.

A. The digital service pulse sequence used is a basic bipolar format and a restricted
class of bipolar violations. For the sequence rules, considerations of amplitude
and duty cycle are temporarily set aside, and the rules are assumed to define a
sequence of normalized pulse coefficients (+1, 0 and -1) applicable at each of the
4 signaling rates.

B. For each rate a nominal pulse waveform is defined, and the signal stream then
consists of a sequence of these pulses occurring at the service bit rate, and with
multiplying coefficients satisfying the bipolar sequence rule. By establishing fre-
quency domain constraints on the individual pulse, the spectral energy distribution
of the bipolar pulse sequence is controlled.

3.1.1. Frequency Distribution of Pulse Energy

Although the frequency on the single pulse does not specify details of realization, the expres-
sion of that constraint may be most clear if it is made in terms of practical digital service
signaling. Thus, the following development is made first in terms of a nominal realization form,
and then related to a more general frequency domain constraint.

Copyright © SBC Service , Inc. 2000
This document is protected by the U.S. Copyright laws.

Any alteration to its text, contents, or presentation format is
an infringement of SBC’s Copyright rights

9



SBC Practice AM-TR-NPL-000007
Issue 2, December 1988

3.1.2. Rectangular Driving Pulse

Prior to any frequency shaping filters, the system excitation is defined by an ideal 50% duty-
cycle rectangular pulse. The relation of bit rate, R, in kb/s and maximum allowable driving
pulse amplitude, A, in volts is given in Table 5.

Table 5.
Maxim um Driving Pulse Amplitude

Pulse Rate (R) kb/s Maxim um Amplitude (A) volts

2.4 3.32

4.8 3.32

9.6 1.66

56.0 3.32

The 50% duty cycle implies that the pulse maintains a constant value. A, for a duration of nom-
inally 1/2 the pulse interval, 1/(2R), and is zero at all other times. The bipolar sequence is to be
applied as a synchronous modulation of such pulses with a jitter of no more than ±5 percent of
the baud interval around an ideal clock at the rate, R.

The amplitude for 9.6 kb/s corresponds to a 0 dBm average power transfer in a system with
matched 135 ohm driving and terminating resistances. The average power transfer assumes a
random bipolar sequence (0 or ± 1 equiprobable in each pulse interval) and a low pass shaping
filter as described in 3.1.4. The other rates are allowed double that amplitude or approximately
+6 dBm. This difference in levels for 9.6 kbps circuits is necessary to ensure crosstalk compati-
bility with other loop transmission systems.

Note that these values establish the upper limits of the constraint for the purpose of interfer-
ence limitation. Nominal design center values are discussed in Section 3.2.

3.1.3. Equivalent Frequency Domain Constraint

Because deviations from the nominal pulse might have effects in particular frequency bands
which would be large relative to the apparent differences from a nominal time domain pulse, the
realization requirement is stated directly in terms of the frequency domain Fourier transform.

of an isolated rectangular pulse p(t) meeting the requirements of 3.1.2.
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To allow for tolerances in the pulse width, this requirement is relaxed in the vicinity of the zeros
of the Fourier transform. The modified frequency domain limit is given by the greater of 2 possi-
ble values:
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3.1.4. Low Pass Shaping Filter

For all rates the driving pulse must be subsequently shaped by a single-pole low pass filter
whose transfer function H(f) is given by:
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3.1.5. Specific Band Rejection Filter

To protect certain other services having specific frequency band assignments, rejection require-
ments are needed in addition to the high-frequency roll-off provided by the shaping filter. These
requirements apply only at 2.4, 4.8 and 9.6 kb/s, and the amounts of additional rejection are
specified in Table 6.

Table 6.
Minim um Additional Rejection

Rejection BandRate (R) kb/s

24-32 kHz 72-80 kHz

2.4 5 dB 1 dB

4.8 13 dB 9 dB

9.6 17 dB 8 dB

The additional rejection requirement is weighted within each band by “C-message” weighting
over the double speech sidebands around a carrier in the middle of the band (28 kHz and 76
kHz). The weighting characteristic is defined in “Transmission Parameters Affecting Voiceband
Data Transmission - Measuring Techniques”, (IEEE Standard 743-1984 which replaces PUB
41009). This characteristic is summarized in Figure 1.

At any frequency within the band, but more than 1 kHz from the carrier at the band center, the
specific rejection of Table 6 may be reduced by an amount equal to the C-message weight for a
frequency equal to the absolute difference between the frequency in question and the carrier
frequency. Minimum rejection is never less than 0 dB, i.e., the weight does not justify a gain
over the system without rejection (rejection does not apply anywhere outside the two 8 kHz
bands specified).
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Figure 1. C-MESSAGE WEIGHTING
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3.1.6. General Realization Constraint

The preceding description of frequency domain limits has been given in terms of an illustrative
realization. It is not intended to specify a particular realization. What is required is that the
individual pulses (exclusive of the bipolar coding requirements given in 3.1.2) must satisfy a fre-
quency domain bound describable in terms of the three components given in 3.1.3 through
3.1.5.

This composite frequency domain bound is:

L(f) = D(f) H(f) R(f)

Where D(f) AND H(f) are as given and R(f) imposes the rejection band values of Table 6 as
modified by the C-message weighting characteristic as shown in Figure 1.

These values are intended as upper limits. Design center values and component tolerances
must reliably maintain the pulse spectral amplitude distribution within these limits.

3.1.7. Line Coupling

The pulse constraint, L(f), as defined above may be considered as a requirement on an ideal
voltage source in series with a 135 ohm resistive source impedance. However, it is recognized
that it may be economical to realize some of the filtering requirements reactively in the output
stage of the line driver.

In that case, the signal constraint shall be considered to be satisfied if the signal presented to a
known load meets the bound, L(f), reduced by the coupling ratio of 135 ohms driving into that
load. For the purposes of this specification, load requirements of 135 ohms (coupling ratio =
0.5) and 600 ohms (coupling ratio 0.816) must be satisfied.

Figure 2 shows the signal source under test with a known resistive load and measurement
across that load.
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Figure 2. LOAD DEPENDENCE OF OUTPUT CONSTRAINT
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To establish the load dependence characteristic, it is sufficient to measure only the metallic (dif-
ferential) component of the output voltage.

3.1.8. Longitudinal Balance

A longitudinal balance requirement is necessary to control the magnitude of longitudinal (com-
mon mode) voltage induced in the cable. Longitudinal voltage crosstalks from pair to pair in a
cable with a much lower attenuation than metallic (differential) voltage therefore stringent re-
quirements must be applied.

In addition to any longitudinal voltage requirements imposed by FCC Part 68, Terminal Equip-
ment Registration Requirements, a digital service terminal must meet the following longitudinal
balance requirement at both transmitting and receiving ports independent of the state of the
terminal (i.e., transmitting, receiving, quiescent, power off):

• 60 dB up to 1 kHz

• 40 dB up to 15 kHz

• 35 dB up to upper frequency constraint of Table 7

3.1.9. Frequency Range of Applicability

The general realization constraint of Section 3.1.6 would become arbitrarily small at frequencies
above the useful signal bands. For purposes of verification, the applicable upper limit of the
constraint is given in Table 7.

Table 7.
Frequenc y Constraint Limit

Rate (R) kb/s Upper Constraint Frequency kHz

2.4 100

4.8 150

9.6 150

56.0 1750

3.2. Standard Signal Levels

The interference limiting constraints of Section 3.1 provide a margin above standard digital ser-
vice signal levels to allow for circuit tolerances. Design center values for best performance with
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the line receiver of an OCU may be related to the terms of the nominal realization of Section
3.1. The actual means of realization are not mandatory, but whatever the realization technique,
the resulting pulse waveform should correspond closely to the nominal characteristics de-
scribed here.

3.2.1. Rectangular Driving Pulse

An ideal rectangular pulse generated with 50% duty cycle according to the bipolar coding and
synchronous timing rules of Sections 6 and 7 should be provided with design center amplitudes
as given in Table 8.

Table 8.
Driving Pulse Design Center Amplitude

Pulse Rate (R) kb/s Design Amplitude (A)

2.4 2.79

4.8 2.79

9.6 1.57

56.0 2.79

For satisfactory performance the circuit should maintain this amplitude within ± 6%.

3.2.2. Low Pass Shaping Filter

The single pole at 1.3R should be maintained with a frequency of ±5%.

3.2.3. Specific Band Rejection Filter

The actual shape of the band rejection filters defined in Section 3.1.5 is not critical as long as
its effect on the main spectral energy of the digital service pulse is minimized.

4. Received Signal Characteristic

The signal received at the network interface from the OCU will be generated by a driver meet-
ing the requirements given in Section 3 and modified by cable facilities as described in Section
2. The digital line receiver must be balanced and should provide an approximate 135 ohm
impedance to the line from 100 Hz to four times the Nyquist frequency as specified in Table 1.

Copyright © SBC Service , Inc. 2000
This document is protected by the U.S. Copyright laws.

Any alteration to its text, contents, or presentation format is
an infringement of SBC’s Copyright rights

18



SBC Practice AM-TR-NPL-000007
Issue 2, December 1988

5. Customer Provided Equipment Requirements

Section 2 has provided loop characteristics for digital loop cable distribution systems, while
Sections 3 and 4 have treated the signal conditioning requirements for line drivers and line re-
ceivers. This section provides detailed requirements for customer equipment connected to the
local facility.

5.1. Isolation From Ground

Both transmit and receive pairs should be isolated from the local ground reference. Resistance
from any lead to ground should exceed 300 kohms. Stray capacitance of any lead should not
exceed 500 pf to ground, and the difference between the capacitance to ground of the 2 leads
of any pair should not exceed 100 pf.

5.2. Simplex Path

A dc current path must be provided on a balanced basis between transmit and receive pairs.
The balance, which may be established in terminating resistance or coupling transformers
should be held to a maximum difference of +5%, in resistance value to self inductance as ap-
propriate. The simplex termination must be such that if a dc simplex voltage of either polarity is
imposed between the receive pair (T & R) and the transmit pair (T1 and R1), then the following
current limitations will be satisfied.

A. For a minimum simplex voltage of 7 volts, the magnitude of the current through
the simplex termination will be at least 4 ma.

B. For a maximum simplex voltage of 28 volts, the simplex current will not exceed 20
ma.

C. For equal voltage on both wires of a pair, the current difference between the wires
of the pair will not exceed 1 ma.

The presence of simplex current in the range of 4 to 20 ma is normally assured by a
source in the OCU. Temporary absence of the current should not affect the data
transmission operations of the station apparatus. This dc current path is neces-
sary to provide sealing current for the loop and also provide a signaling path for
channel loopback as discussed in 5.3.

5.3. Channel Loopback

2 signals intended to result in loopback of the customer’s received signal to the transmit side of
the channel may be utilized by the A.O.C. Implementation of loopback circuitry in customer pro-
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vided terminal equipment provides for remote testing of the digital service circuit and to some
extent isolation of trouble conditions between the A.O.C. and customer equipment. Response
by the customer provided terminal equipment to the first loopback control signal described be-
low is mandatory, response to the optional loopback control signal is recommended.

5.3.1. Mandatory Channel Loopback

The mandatory loopback test for digital service uses reversal of the local cable simplex polarity
to signal a loopback test to the station apparatus. In the normal polarity the line driver pair (T1,
R1) is kept positive with respect to the line receiver pair (T, R). Reversal of this polarity must be
sensed in the simplex termination to control the channel loopback. The sensing circuit must re-
spond to the minimum 4 ma current described in Section 5.2. To accomplish this mandatory
channel loopback, it is necessary for the station apparatus to perform full equalization and filter-
ing of the received signal. The loopback path should return this signal to the line driving circuitry
of the transmitter for shaping in accordance with requirements of Section 3. This loopback
should be designed to minimize penetration into the customer provided terminal equipment.

5.3.2. Optional Channel Loopback

The optional loopback control signal, when transmitted by the A.O.C. is utilized to loopback
customer provided terminal equipment at a point of logical separation between customer’s data
communications equipment and customer’s terminal equipment. The optional loopback state
should be entered when 3 successive bipolar violation codes of the form (see notation in Sec-
tion 6.1) OOBOXOV for 56 kbps service or OBOXOV for subrate services are received. During
testing the signal will consist of alternating bytes of loopback code and test bytes.

The loopback should be terminated upon receipt of 5 successive byte intervals without the loop-
back code indication. Implementation of this loopback in customer equipment is recommended.

5.4. Restriction Due To Safety Consideration

All safety criteria of Transmission Specifications for Private Line Metallic Circuits - (PUB
43401*) shall apply to equipment connected to a digital service circuit. Attention is specifically
directed to Sections 4.3, 4.4, 5.1 and 5.2 of that document.

5.5. Performance

Excellent error performance on digital service will only be realized from a customer viewpoint
when customer provided terminal equipment properly equalizes, filters, and samples the
received signal, and meets the requirements for the transmitted signal. Properly designed ter-
minal equipment will provide virtually error free signal reception when connected to most digital
service loops. It is assumed that customer wiring will not significantly change the noise specifi-
cations in Section 2.4.
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A. PUB 43401 is available through Bell Communications Research, Information Op-
erations Center, 60 New England Avenue, Piscataway, NJ 08854.

6. Digital Service Coding Requirements

Detailed specifications for transmission using digital service are discussed in this section.
Included are the encoding and decoding requirements that the customer’s equipment must ob-
serve in order to operate over a digital service channel.

6.1. Alternate Bipolar Format

Baseband, bipolar return-to-zero signaling is used for transmission over the local loop and is
described by the following coding rules: a binary 0 is transmitted as zero volts. A binary 1 is
transmitted as either a positive or negative pulse, opposite in polarity of the previous binary 1.

Through the use of bipolar violations, additional information capacity is achieved to provide a
convenient way of transmitting network control information. A bipolar violation occurs when the
alternate polarity rule is violated. For example, the bipolar rule is violated if the last 1 was
transmitted as a positive pulse and the next 1 is also transmitted as a positive pulse. The fol-
lowing notations apply:

Q - Denotes zero volts transmitted

B - Denotes ±A volts (polarity determine by bipolar rule) - BINARY ONE

V - Denotes ±A volts (polarity in violation of bipolar rule) - BINARY ONE

X - Denotes O or B (depending on desired polarity of a violation)

6.2. Encoding and Decoding Rules

To be compatible with digital service, the transmit and receive data signals must use bipolar vi-
olations to indicate control information (Idle and Out-Of-Service) and Zero Suppression. The
Zero Suppression sequence is necessary since long sequence of zeros do not provide the tran-
sitions necessary to maintain timing recovery. The encoding and decoding rules that the
customer must follow as well as the network signaling are outlined in the following paragraphs.

Unrestricted insertion of violations in the pulse stream would produce as undesirable dc
component. A means of solving this problem is to reserve a time slot prior to a violation for ap-
plication of a binary pulse or non-pulse in such a way that successive violations (V) alternate in
polarity. The reserved time slot is determined by the symbol V. The desired polarity alternation
of Vs is achieved by assigning a value O or B to the X such that the total number of Bs since
the last V is odd.
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If pulses of the same polarity were adjacent, performance would be degraded. Therefore, X and
V bits are separated by a zero, resulting in an XOV pattern in each bipolar violation sequence.

6.2.1. Transmitting Sequences Containing Bipolar Violations

A. Idle Sequence

This sequence may be used as a supervisory signal. The example, it could indicate
that the terminal does not have data to transmit. Such usage is analogous to the
Request-to-Send OFF indication in EIA Standard RS 232C. The Idle sequence
consists of one or more repetitions of the sequence BBBXOV at 2.4, 4.8 or 9.6
kb/s or BBBBXOV at 56 kb/s/

B. Zero Suppression Sequence

At 2.4, 4.8 or 9.6 kb/s any sequence of 6 consecutive Os must be encoded as 000X0V:
at 56 kb/s, any sequence of 7 consecutive 0s must be encoded as 0000X0V.

6.2.2. Receiving Sequences Containing Bipolar Violations

A. Idle Sequence

This is the same as the transmitting Idle sequence described above.

B. Zero Suppression Sequence

Reception of 000X0V for any speed must be decoded as 6 zeros.

C. Out-of-Service Sequence

This sequence is an indication of trouble in the digital service. It consists of 1 or more
repetitions of the sequence 00BX0V at 2.4, 4.8 or 9.6 kb/s or 000BX0V at 56 kb/s.

D. Out-of-Frame Sequence

This sequence is an indication of trouble in the digital service. It consists of 1 or more
repetitions of the sequence 0BBX0V at 2.4, 4.8 or 9.6 kb/s or 00BBXoV at 56 kb/s.

E. Loopback Sequence

This sequence requests the loopback of the received signal onto the transmit circuit. It
consists of 3 successive repetitions of the sequence 0B0X0V at 2.4, 4.8 or 9.6 kb/
s or 00B0X0V at 56 kb/s. (See Section 5.3.2).
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6.2.3. System Response to Bipolar Violation Sequences

The customer’s data terminal may transmit Idle Sequences through a digital service channel for
supervisory signaling purposes. The transmission delay will not necessarily by the same for
Idle Sequences as for data. This difference in delay may cause signals to be modified when
going between the Idle and data modes. The transition from data to Idle adds a number of
pulses between the last data bit and the first pulse of the Idle sequence. The transition from
Idle to data will replace the same number of the initial data bits with the bits of the Idle se-
quence. The additional delay for Idle sequences will be less than 6 bits at 2.4, 4.8 and 9.6 kb/s.
At 56 kb/s the additional delay will be less than 7 bits.

It is important to note that a Zero Suppression sequence may not be received when one was
transmitted and vice versa. If a Zero Suppression sequence follows a B00000 data sequence,
then the received data could have 10 consecutive zeros at 2.4, 4.8 or 9.6 kb/s or 11 consecu-
tive zeros at 56 kb/s. However, the pulse density will be maintained with minimum 1 in 6 at the
subrate speeds or 1 in 7 at 56 kb/s.

7. Timing And Jitter

7.1. Timing Accuracy

Definition: This term describes the difference between the frequency of the received pulses and
the nominal data rate.

Specification:

A. Customer to Network - The transmitted data must be synchronous with the re-
ceived data.

B. Network to Customer - Under normal conditions, the frequency of the received
data will agree with the nominal data rate to within ±2 parts in 10(9). Some trou-
ble conditions will allow the frequency difference to vary ±0.005% of the nominal
data rate.

7.2. Isochronous And Peak Individual Distortion (Jitter)

A. Customer to Network

Specification:

The peak individual distortion of the data signals from the customer to the Network
shall not exceed 5% of a bit interval relative to a reference clock in phase with the

Copyright © SBC Service , Inc. 2000
This document is protected by the U.S. Copyright laws.

Any alteration to its text, contents, or presentation format is
an infringement of SBC’s Copyright rights

23



SBC Practice AM-TR-NPL-000007
Issue 2, December 1988

mean of the significant transitions when receiving random data from the Network.
The bit interval is the reciprocal of the data rate.

The isochronous distortion of data signals from the customer to the Network shall not
exceed 10% of a bit interval when receiving random data or periodic patterns
from the Network.

B. Network or Customer:

The effects of random noise, intersymbol interference and data pattern variations may
cause data transitions to occur anywhere within the unit signaling interval. How-
ever, it is expected that intersymbol interference and pattern variations will be
dominant in establishing the average statistics of the received data signal.

8. Physical Network Interface

The interface consists of 4 leads which are paired to provide a receive data pair and transmit
data pair. The 4 leads are provided on a miniature 8 position series jack without a shorting bar
as shown in FCC Rules and Regulations. Part 68, Subpart F, Figures 68.500 (d) (1) and (d)
(2). The following are the pin assignments for the jack.

Pin Number Function Signal Direction

8 Receive Data (R) From Network Interface
to Customer

7 Receive Data (T) From Network Interface
to Customer

2 Transmit Data (T1) From Customer to Net-
work Interface

1 Transmit Data (R1) From Customer to Net-
work Interface

The other 4 pins will not be connected. Provision of the network interface on a terminal block or
strip will be allowed on an interim basis in place of the connector at the A.O.C.’s discretion.
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APPENDIX A - Appendix A: Channel Interface Specification
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