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TELEPHONE PCM MULTIPLEXING
Station A

Station B

The International Telecommunication Union (ITU)
Telephone Standards for time slots and Frame are rigid
and are implemented through timing circuits which
supply:
1. the transmission sequence of the binary pulses
2. the position of each time slot
3. the starting of the repetition period (starting of the
Frame).
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PCM REGENERATORS

1. Regenerators set at regular intervals along the line from 2 to 5 Km.
2. The regeneration process includes:
a) EQUALIZATION of the signals to compensate the amplitude and
phase distortions introduced by the balanced couplers.
b) EXTRACTION and REINSERTION OF THE BIT
SYNCHRONISATION, with which the coming pulses are sampled
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OUTPUT FROM CODEC

125 µseconds exist between samples ( PCM words) which is derived as:
T=

1
𝑓𝑠

=

1
8,000
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MOTIVATION FOR PCM

Wasted Time Gap

As speed for electronic devices increased creating ability to sample voice at high
speed, it became evident that sampling at the Nyquist rate created room for
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multiplexing many signals in the 125 𝜇𝑠𝑒𝑐 interval.

BASIC FRAME GENERATION – BELL SYSTEM

In 1962, Bell Laboratories developed the system for multiplexing 24 voice
channels which is commonly referred to as T1 system.
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THE FRAMING BIT
1. To allow the receiver to locate the PCM samples,
Bell engineers developing T1 created a special bit,
called the 193rd bit or framing bit , and added it
between the 24-channel frames.
2. The framing bit creates a repeating pattern of 1s and
0s that a receiver used to identify the 193rd bit.
3. The receiver uses the framing bit to identify
locations where PCM samples for each telephone
conversation end or begin.
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DIGITAL SIGNAL LEVEL 0 (DSO)

1. Twenty-four voice conversations are formatted into a PCM stream that
contains an update of the PCM samples 8,000 times per second giving 192
bits.
2. The 24 PCM samples and the 193rd bit create a signal format known as DS1
(Digital Signal level 1).
3. Each PCM sample for a given voice signal constitutes a channel within the DS1
stream.
4. These channels are referred to as Digital Signal level (DS0) channels.
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PCM STREAM WITHOUT FRAMING BIT

192x8,000=1.536Mbps

Without the framing bit, the receiver has no means of locating and extracting
the voice channels.
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THE CHANNEL BANK (T1 SYSTEM)
1. On T1 trunks, a frame consists of 24 timeslots, sent every
125 µsec (1/8000 sec).

One Frame of
24 × 8 = 192 𝑏𝑖𝑡𝑠
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11th Channel
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History of T1
1. T1 is the ubiquitous digital carrier for
telecommunications in North America.
2. T1 was developed by Bell Laboratories to carry the DS1
signal.
3. It was first tested in Chicago in 1961.
4. T1 was commercially deployed in New York City in
1962 to improve voice transmission quality and reduce
cabling congestion in underground telephone ducts,
where space was at a premium.
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THE FRAMING DEMON

1. D1 used an alternating 1-0 pattern in the 193rd bit position.
2. It was therefore susceptible to framing problems arising from certain tones
(1000 Hz, for example) which could mimic the alternating one-zero-one-zero
Framing pattern.
3. Under this circumstance, a channel bank that is attempting to acquire the
framing bits of a T1 signal could lock onto the false framing pattern
generated by such a tone and ignore the proper 193 framing bits.
4. A bit sequence that mimics a framing pattern is called a framing demon.
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DS1: ROBBED-BIT SIGNALING(1)
Robbed Bit
7 bits

7 bits

7 bits

7 bits

7 bits

1. DS1 mode took the least significant bit of each PCM
time slot (channel) and reserved it for signaling bits.
2. As a result of robbing each PCM word of its leastsignificant bit and replacing it with a signaling bit,
this process was given the distinctive name of
robbed-bit signaling.
3. This signaling scheme allows only 7 bits of a DS0
channel for PCM, as the last bit is used for signaling.
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DS1: CONSEQUENCE OF ROBBED-BIT
SIGNALING
Voice (Seven Digits)
10101101 10101100 10101100 10101101 10101101 10101101
Robbed Digit

• Robbed-bit technique reduced the fidelity of the
transmitted voice, since voice encoding in a channel
was effectively reduced from 64 kb/s (in which all 8
bits per DS0 is used) to 56 kb/s (in which only 7 bits).
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T-CARRIER HIERARCHY
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PCM SIGNALLING
1. PCM systems use in-channel signaling based in inslot or out-slot signaling.
2. In-slot Signalling:
• Signalling information relating to a particular channel is
carried in the same time-slot as the speech.

3. Out-Slot Signalling:
• Signalling information relating to a particular channel is
carried in a time-slot that is different from that of
speech.
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OUTSLOT SIGNALLING – E1
1. E1 Signaling information relating to channels is carried in a timeslot that is different from that of speech.
2. Two time slots per frame are introduced for signaling and
framing.
3. E1 was originally developed by CEPT as 30-channel system.
4. It has 32 time slots and one is used for synchronization while the
other is used for signaling.

17

OUTSLOT SIGNALLING – E1
Frame
Synchronization
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Frame
= 32 × 8 = 256 𝐵𝑖𝑡𝑠

1. The frame is composed by 32 time slots of which 30 are reserved to the
telephone channels
2. The first of the frame slots, identified with the index 0 (slot 0) contains
frame the synchronization information .

3. Sixteenth (16th ) is reserved to the service signaling.
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EXAMPLE
Q. Derive the speed in Mbps of an E1 link.

SOLUTION
1. Speech is sampled at 8,000 samples per second
2. Each sample coded with 8 bits thus yielding 8 X 8,000 = 64,000
bits/sec
3. 32 channels are multiplexed to yield a bitstream of 64,000 X 32
= 2.048 Mb/s
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FRAME AND MULTIFRAME STRUCTURE OF THE
CEPT PRIMARY SYSTEM
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