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WHAT [2T-1

WHY T-1

T-1 BASICS

T-1is a term that has evolved form sarly telephone company voice multiplexing and
transmission facilities. T-1 is currently used 1o descnbe almost any communications
link operating at 1,544 000 bits per second. The main purpose of a T-1 is to provide up
to 24 channels of voice and data over a S=wire circuil or fiber oplic pair

The use of private T-1 networks has grown rapidly during the past decade. Soveral
factors have contributed 1o this growth:

Increase in voice and data traffic
communicatons cost reduction
quality and reliability of service
*  Increased flexibility and control
+  Simplification
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As we enter the information age, the demand for fasi and accurate transmission of large
volumes of information has forced the development and implementation of higher spesd
communications facilives. It can be argued that usage grew to fill the capacity created by
the technology, neverntheless, information has become 3 critical resource 1o the operation
af any industry today.

COST/RELIABILITY

FLEXIBILITY

Ome of the benefits of using private T-1 networks i3 the reduction of leased relephone
service costs. The initial cost of T-1 equipment and the high installation cost of fiber
optic cable or the monthly cost of leased T-1 lines is off-set by reducing the number of
dedicated telephone lines and monthly service charges. T-1 systems can pay for
themsglves over ume. The emphasis however in power utility and indusiry applications
15 primarily reliability and quality of service.

T-1 links utilized digital transmission facilities which offer significantly bester quality of
transmussion than anabog lines. The reliability of T-1 networks is much better due o the
reduced number of lines and equipment 10 be installed, managed, and mainiained.

In today’s rapidly changing environmens, T-1 nerworks provide che ability o assign
capacity as required o meet the needs of the installation. Bandwidth can be re-ass gned
by the nser withouwt any invalvement with 3 common carmeer.



SIMPLIFICATIONMN

T-1 simplifies the task of networking different rypes of communication functions. To
illustrate, Figure | shows what a fypical utilities communications network might look
like without T-1. A$ vou can see various types of communication mediums were used 10

satisfy the applications.
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Figure 1. A Communications Network Without T1 J

Figure 2 depicts the same network with a T-1 link installed Substation hardened
multiplexes such as the Model 9001 have different interfaces 1o suppon the utility needs
for T-1 to become a viable solution for thear applications.
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Figure 2. A Communications Network With T1




HOW T-1 WORKS - MAKING VOICE AND DATA COMPATIELE

Many benefits of T-1 are attributable 1o the fact that voice and data are transmitted over
a single digital communications link. Since digital data consist of 1's and 0's (the
gymbals of the binary system), it is already compatible with T-1's digital format.
However, bacauss vaice signals ans actually complex analog waveforms, they must be
digitized 10 achieve compatibility with T-1.

PFULSE CODE MODULATION

The most commen method of digitizing analog voice signals is a technique called Pulze
Code AModulation (PCA). PCM is a sampling process that compresses a voice
conversation into a 64 kbv's standard rate known as digital signal-level zero (D5-0)

PCM is actually a two-step technique, In the first step, the incoming analog signal is
sampled B000 umes per second, a rate sufficient to adequately represent voice
information. These sample values are then converted 1o pulses using a process known as
pulse amplifude modvlarion (PAM) (Figare 3).

in the second step, the height of each pulss is assigned an equivalent sight-bit binary
wvalue (Figure 4). The resulting output is a digital representation of the pulse and, bry
extension, the sampled analog waveform.

Mote that the 64 kbv's D5-0 rate 15 obtained by multiplying the number of samplings per
second (BO00) by the mumiber of bits in each sample (8}

Pulse Code Modulation
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Figure 3
Pulse Amplilude Modualation
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TIME DIVISION MULTIPLEXING

Once digitized . voice and/or data signals from many sources can be combaned (i.e..
multiplaxed) and transmiried over a single T-1 link. This process is made passible by a
techruque called Time Divizion Multiplermg (TDN)

TOM divides the T=1 link intg 24 discrete 64 kb's time slots. An identical nomber of
D5-0 signals (representing 24 separate voice and'or data channels) is assigned 10 &ach
time skt for transmission within the link (Figurs 53

[n addition to being critical sperational techniques, PCM and TDM are also key 19
understating the basic T-1 rate of 1.544 Mb/'s.
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Figure 5. Time Division Multiplexing
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[INDERSTANDING 1.544 Mio's

In T-1. the B-bit digiial samples created in the PCM step (for voios traffic only) are
grouped into the 24 discrete D5-0 time slots created by TDM. Each group of 24 time
glats is called a T-1 jrame (Figure 6.1, Since sach time slol contains eight bits, the
mumber of information bits within each frame totals 192 (24 X 8). Additionally, a
193rd bit is added 10 mark the end of one frame and the beginning of the next,
Appropriately enough, this added bit is called the framing bir.
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Figure 6. AT1 Frame
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Since the DS-0 signals are sampled ROGO Limes per second, it means thar 000 192-bit
inforemation frames are created during that period. Total: 1,536 Mi's. At 8000 samples
per second. framing bats are created at the rate of 8 kbvs. Result: A single | 544 Mhi's
signal known as digital signal-ievel one (D3-1)

CALCULATING THE 1.544 MB/S T-1 RATE

STEF: WHAT HAPPENS: CALCULATION:
1. The 8-bit digital samples created by PCM (for 24 samples
woice signals only) are grouped into the 24 X _ B bits per sampls
discrese Lime slots created by TDM. Each group 192 information bigs per frame,
of 24 time slots is called a T-1 frome
2, A framing bit is added to mark the end of one 192 information biis
frame and the beginning of the nexi. + _| framing bit
193 iotal bits par frame,
3. T-1 frames are transmitted 3t the rate of 8000 E000 samples
per seonnd. X 1
1,544, 000 bits per second (1,544 MB/s),
SIGMNAL REGENERATION

Any newly created DS-1 signal begins strongly, but degrades (i.e.. altenuates) as il
progresses along the T-1 link. Soch anenuation is usually the resul of line noise caused
by interference from other electrical sources. To compensate for these negative effect,
devices called regeneranive repraters sample and recreate the onginal signal a1 periodic
intervals along the link (Figure 7).

Since the digital sigmal eonsist of only two basic values (0 and 1), recreating il 15 nol
complicated matier. In simple terms. a regenerative repeater samples the signal input,
delermines if the input represents a 0 or 2 1, and recreates each value accordingly.

Since line noise deviates from the standard format of the D5-1 signal. it is discarded. In
this way, & regenerative repeater produces a “clean” replica of the onginal signal

The number of regenerative repeaters that may be required along the path of the T-1
link varies with the type of transmission media used For example. cooper wire { a
eommon short-haul meiallic medium) is highly prone to signal atenuation; thus.
repeaters are normally required at 6000-fool intervals. By contrast, fiber optic cable 12 2
lang-haul medium with low potential for attznuation, as such. repeaters are spaced at
30-mile intervals,

[
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Figure 7. Signal Regeneration

T-1 OPTICAL 5PAN

The T-1 digital stream can be transmitted greater distances when applied over a fiber
optic system. To prepare a T-1 signal for transmission over an opiical system, 1t must
first be converted 10 a bipolar signal. An optical transmitter is most efficient when the
light source is modulated on and off. Depending on the type of light source used (LED
or LASER) span distances of up to 50 miles can be achieved without the use of

repeaters,
HOW T-1 WORKS
PROCESS: WHAT HAPPENS:

Pulse Code Modulation I. Eamples 1.h=' incoming analog signals 5000 times per second and
(PCM) converts 1o pulses.

2. Assigns the height of each pulse an equivalent B-bit digital value.

3. Creates a 64 kb's DS-0 signal (2000 samples per second multiplied by

eight bits.

Time Division Multiplexing Combines 24 DS-0 signals 1w create a single 1,544 Mbis signal (Ds5=11.

(TDM)

Recreates the | 544 Mb's mgnal at prescribed imemvals along the
Signal Regeneration transmission path.

hL]




THE DS-1 SIGNAL FORMAT

The D=1 signal s transmitied an the T-1 link in a binary format {15 and 0°5). The
abalaty to recogmize the proper formal of the D5-1 signal 15 crucal to the reliabiline of
multipexers. Figure § depicts one of the first methods weed to add security o the
message struciure of T-1; Afernate Afark fmeersion (AMI),
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Figure 8. Alternate Mark Inversion

ALTERNATE MARK INVERSION

In the AM] signaling format, the binary value of 1 is represented by a square wave (ie.,
pulse), the binary value of 0 is represented by a straight line {ie., the abssncs of a
pulse). MNote that each pulse alternates between positive and negative polarity, making
the signal dipalar in format,

The primary advantage of the bipolar format is (hat it allows the D5-1 signal 1o travel
twice as far on 3 pair of copper wires. Another advantage of the bipolar format is its
ability 1o offer a built-in method of error detection. 'When consecutive pulses of the
same polarity are detected, it constituies a bipelar violation (BPV), BPVs indscate Lhat
signal input has been disrupted and is no longer valid.

BRZE, BIGHAL TIMING, AND OMES DENSITY

To correctly identify D5-1 input, the multiplexer must know when 1o sample the bipolar
signal to determine whether a0 or a | is being transmiteed at any given time. To
ensure proper sampling, the multiplexer relies on a timing method that uses the binary
pulses {i.z., ones) o maintain synchronization with the network equipment that is
transmitting the DS-1 signal.

Since pulses are critical 19 maintain power signal timing, all D5-1 signals are required
to meet specific ones dengity siandards. Thess standards reguirs that a1 beast one pulss
be transmitted within any eighi-bit sequence (1.2.. 12.5% ones density). Further, since
lomg sirings of consecutive zeres betwesn digital valuees can alge hinder signal iming,

ones density sandards probibit the transmission of more than 13 22ros in swocession



Suocess in meeting ones density requirements can vary based on application For
example. Since the size and content of the bit patterns that represent human spesch are
eonsistent, acceptable ones density in veace applications is a virual certaingy. But since
digital data is highly variable in size and content, conformance 1o ones density standards
cannat alwave be guaranteed. This technical problem is why a coding technigue know
as bipolar with 8-rers substitution (BEZS) has gained in populinty.

BRZS uses intentional BPVs to break up long strings of zeros, allowing their
transmission through the T-1 link without violating the ones dendaty standard. Figure 9
shows how BEZS works.

With BS7S, nerwork equipment replaces any string of eight consecutive zetos with two
intentional BPVs before the DS-1 signal is transmitted over the T-1 link: the firss BFY

replaces the fourth zero; the second replaces the fifth and seventh zeros. Additionally,
the eight zera bit, which normally would be coded as a zero, is assigned a pulse value

Using this format, the DS-1 signal can pass through the multiplexer on the T-1 link with
an acceptable level of pulse dénsity. When the signal arrives at the recsiving network
equipment, the pattern shown in Figure 9 is recognized as the BEZS substinate for eight
consecutive 2ems. the equipment then replaces the intentional BPYs with their zero
values,
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Figure 9. Bipolar With 8-Zero Substitution (BBZS)

DS-1 FRAMING

The bits in the 1.544 Mb's D5-1 signal are meaningless unless they are organized in an
orderly, understandable way, Framing provides this crganizaton.

A frame contains one sample (byte) from each of the DS-1"s 24 tme slols. Framing
bits separate the frames an indicate the order of information arriving at the recziving
equipment.



Althaugh mest slandard T-1 netwarks wse framing. the patiern of the frame can vary
depemding on Lhe saphiasueation of Lhe eguipment that 15 sending and recsiving the DE-1
signal. The sections thal follow describe nypical D5-1 framing patierns staring with ihe
mosL simple: The D1 frame.

THE D1 FRAME

Shewn in Figure 10, D1 was the firs framimg patiern 1o be used in T-1 trandmission.

A D frame condains 24 Lime slols, sach carmang an B-kat ward, with one it sepang as
a framing boundary {34 X 8 = ] = %3} [n the | framing patiern, bits 1-7 of sach
eight -bit word are reserved for customer information (i.e., digitized voice), bid eight af
each word s reserved for signaling informatien (i, call set-up and rauling), and bit
153 serves as the boundary between the end of one [rame and the beginning of the next

The '] framing formad can ceriainly simplify framing and signaling management for T-
I netwerks with alder, unsephistcated equipment. Unfomuanaiely, D] is alsa very
ineficient: Feterving one bil in every 5-bat word for slgnaling can degrade a voice
signal to levels below wll quality

Forunately, the sophistication bevel af the equipment in T-1 networks has increased
dramatically. As suach, it is not possibbs for many frames to share the same framing and
sigmaling information. Thus, the chamce o free mare bits for custamer informatian

(thereby improving signal qualiny) inspired the development al’ the sugerframe.

B-BIT BYTE SIGHALING INFDAMATION
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Figure 10. The D1 Framing pattern

Dd FRAMIMGSLUFERFRAME (5F)

In boday's multiplexer networks the pattern commoenly used w organize the superirams
i5 the D4 _framing paitern



The D31 (1.544 Mbps) D4 format is used 1o transmil 24 separaie channels of PCM voics
or digital data.  Each channel is ransmutied & bats at a ume. All 24 channels are
grouped together to form a group of 192 bits. For svnchronization of both end span
equipment, every group of 152 bits is procesded by a framing bit (F-bit). Together. all
193 bits make up a frame, and 12 frames (in the D4 format) are grouped to form a
superframe (Figars 11)
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Figure 11. D4 Super Frame

Table 1 outlines the suparframe format as stated in ANS] standard T-1.403-1989. As
previgusly stated a superframe is made up of 12 individuals frames, with the 193rd it in
each frame used as a control bit. When combined, these control bits form a 12-digit
word (100011011100) that provides frame and signal maragement

In D framing the odd bits in the eontrol word (called ferminal frame or £, bits:
JXOX]IXOX X0 mark frame and superframe boundariss so ihai the recsIving
equipment can cormectly process the sustomer’s voice or dats infermation,

The even bits in the control word (called signaling frame or f, bits:
MOXOMIXIXIXOridentify the frames which carry signaling information, Mote that
frames with signaling infermation are marked by changes in the bit pattern. For
example, control bils 2 and 4 contain zeros, since control bit § is coded as a one. it
means that the 6th frame contains signaling information. Further, control bits & and 10
conLain ones, since control bit 12 is coded as a 2=, it means that the 1208 frame alsa
conlains signaling information,

To enable the sharing of signaling bits by all 12 frames in the superframe, D4 framing
uses @ process called robbed bit signaling (Figure 124,




Table 1
Superframe Format

Bat Use In Each

-Ei.!‘fll]jm E Bit

F Bits Time Slot Lise Opticms
Frame
Mumber  EBit Term Zignal Trafie Signal T Signsl ing
MNumber Frame Frame Channel
5l [F.l
1 o I = -8 —_ — —_
2 193 _— i -5 —_ — —_—
3 IEG Q. _ 18 - — —
q Lk -—_ 0 1-8 - — —
b 772 1 —_ 1-E = — =
& 065 — 1 1-7 E —_ A
F) 1158 ] - 1-8 — — —
g 1351 —_ 1 1-8 — -_ _—
f 1544 1 - 1-8 - -— —
10 1737 — i 1-E — — —
11 1930 0 -— 1-E i —_ =
12 2123 -— i 1-7 B —_ B
————— — - —
MOTES

|1} Frame [ transmitied Erat

(3] Frames 6 wad 12 are denoked sigaaling frames.
13 Optiea T- Trafc [bis 8 not uied for Robbed Bit signaling],
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Figure 12. Robbed Bit Signaling

Using robbed bit signaling, the least significant (8th) bit of the D5<0"s in the 6th and
121h frames is reserved for signaling information, The steady state of the bit, 0 or 1.
indicates whether the called device is on-hook, off-hook, disconnected, busy, ete.

In summary, D4 framing improved signal quality by freeing more bits for cuslomer
information. But the continued emphasis on quality and the evolution of integrated
circuit technology have yet enhanced the superframe.

EXTENDED SUPERFRAME (ESF)

Extended Superframe (ESF) expands the superframe from 12 10 24 193-bit frames
(Figure 13). Like the D4 format, the 193rd bit in cach frame is always a control bit
Extended superframe was developed in order to be able 1o evaluate system performance
withoul disrupting service by testing the T-1 link with iest equipment. With that in
mind, three-fourths of the 24 control bits are reserved for evaluation of circuit
performance.
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Figure 13. Extended Super Frame
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CRC-5

Table 2 outlines the extend=d superframe farmat as staied in AMSI Sundard T-1 403
1989

In E5F. & control bits are reserved for a Cyelic Redundancy Check (CRC), a method of
detecting errors as information is transmitted along the T-1 link (2 ki's), 12 bus are
reserved as a data link for communication berwesn transmitting and receiving
equipmient at either side of the T-1 link (4 kb/s), and 6 biis are used fo manage
sipnaling and framing (2 khis)

The sections that follow briefly deseribe the ESF's CRC and data link capabilities.

CRC-6 i3 a six-bit word that detects, with 98.4%% accuracy, kit errars (1.e., zeros that
should be ones and vice versa) in any block of live daa, Table 3 depicts how CRC-6
works in very simple lerms,

TABLE 3
HOW CRC-6 WORKS

Step:

Activity:

The network equipment building the ESF performs a mathematical calculation on the
signal 1o be transmitied across the T-1 link. (Control bits are exciuded from the
calculation. )

The signal is transmitted across the T-1 link to the receiving equipment. The result of the
mathematical calculation is a six-bit word which is sent 1o the receiving equipment in the
six CRC bit positions of the aszr ESF,

The receiving network equipment performs the same mathematical calcolation on the
customer information, and compares the result with the six-hit word which arrives in the
next ESF, '

If the results match, it is likely that no bit ermors have occurred, i the results do not match,
it indicates that one or more logic errars have occurred, either in the customer information
or in the CRC bits.

THE E5F DATA LINK

ESF ressrves 12 bits (transmitted at & kb's) as a data link for communication berween
the transmitting and receiving equipment on each side of the T-1 link.  Although it can
be used for any purpose, one typical use is the transmission of trouble Mags such as the
wellow alarm sigaal.

The vellow alarm signal is sent by the receiving equipment when synchronization 1o a
transmitied D5-1 signal cannot be achieved. The vellow alarm is 2 continuous [6-bit
patern of eight consecutive ones followed by eight consecutive zeros.

MNote that Lhe vellow alarm signal is enly ane example of how 2 data link can be used,
Takle 4 depicts the assigned bll-orientated ESF data-link messages as owllined in ANS[
Standard T=1.405-[ 985,
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Table 2
Extended Superframe Format

Bit Use In Each Signaling Bit
F Bits Time= Slot Lize Options
Frame
Mumber Bt FPZ DL CRC Trafe Signal T 2 F
MNumber

1 o — m -_— 1-E —_ —_ — — —

2 193 — — 1 I-8 -_ — — —

3 a3e — m —_ 1-8 — — —_— —

4 57 n — — 1-8 —_ — — e

& T2 — m —_ 1-8 = — — — —

B fE5 — —_ cz2 1-7 g — A A A

7 I1L5E - m —_ 1-8 = - — I —

8 1351 o — 1-8 — et

B 1544 —_ m — 1-8 — - — — =
10 | I - — 3 1-8 - — — _—
Lr 1930 _ m — 1-8 - — - — —_
12 2123 1 e 1-7 8 — A B B
1¥ 2318 _ m —_ -8 — — = = —
14 2509 —_ - O 1-E _ —_ — — —
15 2702 — m — 1-8 — —- = = =
16 TEOE L&) -_— -_— =5 —_ —_ — —
17 A088 — m — 1-B -— - = =
1B J2E1 —_ — Cs. 1-7 ] — A A L
149 3474 —_ m _ I-8 —_ _ — —_— -
20 J8GT 1 _— — =B - -— — —_ —
21 IBED _ m —_ 1-B —_— - - —_ -
plr 4053 —_— - o] i1-8 -— —_ e o
23 4246 ™ — 1-8 i — — — —_
q 4418 i —_ —_ 1-7 g —_ A B D
ROTES:

18} Frame | Lransemitied frsi

{T] Frames 6, 12, 18, wnd 34 are denctad sigaaling framses.

(3] FP5 = Framing Pattern Sequenss [ N T T

(4] DL = 4kbiv/s Buba Link (Miesamges Bity m)

[8} CRC < CRE-§ Cyelis Fedisdancy Chesl |Bits C1-CH)

(6] Optioa T = Tra®ie [Bit § nol used for Bokbed-Bui signalisg)
(T] ©Option 2 = 25121 Siganling (Chanael Y

B} Dplion 4 = &-Staie Signaling [Channely 4 gnd D

¥} Cptiss 18 = 16-Srate Signaling [Chasnels &, B, T, and B}




Table 4
Assigned Bit-Oriented ESF Data-Link Messages

FuhsLiah Cehdward

Friority hisssages

Tellow &larm 0 DOOO0D BEEa11111
Heserved loe nelwork aoue [ENC R IR EERF RN
Ararreed for meiwark ase oIl aLiEEaN1]
Meserveed ToF Aelwerk uar DOLLOEGOLILENaL]

Cammand and Reaponis bssxages

003111 @11111L1
OORIIOO DEIIIdLLLE

Line Loophbeck Activeis

Ling Loopbuck Deactivate
Fayload Loopbael Activaie OOOIoIS GLEEIIlLl
Payload Loogbaci Deaclivals GOLI00) DLLEEREL
Reserred for MNetwork Ls [Loapbash Adtivale) o DO Bidiienng
Feawrved for Metwork Use [Loopback Dractivate] 0010010 91111LE8Y
Feserved [or Protection Switch Line 1 0 103001 a111i1bts
Heserved for Protection Switeh Line 2 O DRI BER111111
Feserved lor Pratection Swilch Ling 3 LOOOI] oLEEIIiLg

Feserved lor Frobeclice Switeh Line 4
Fesereed for Protection Switch Line &
FAessreed lor Proteciion Switeh Lige B
Rrarrwed for Proisetion S=iteh Line 7
Flepsrwed Tor Prolection Switch Line &
Reserved lor Frovection Switek Line ¥

I3 @ EpLanl
LD Q11LERED
TENLID 311K
100111 OR111LLLE
BOTODD GE1110018
100501 GRaIlilL

FRIQID DEERaNI]
LOL2I] OLIEEEEN]

o

(5]

i

a

a

o

4]

Feserved for Protection Switch Line 10 =]

Reserved for Protection Switzh Line 11 o

Feaerved for Prevection Switch Line 17 01I0IIoD oLktrgRng
Feserved ler Progectioa Switch Linn 13 O DO ion 01111 ENES
Firserved for Proteclion Swildh Lise 14 0101110 0ILiI1NnN
Heserwed for Protesvion S=itch Line 15 0103111 GR1lLitny
Femerved for ProLection Switek Line 18 O Bacdd opaa1111l
Reaerved dor Proteetion Switchk Line 17 D LEDOO) DEEERINIL
Resereed for Protestbon Swiceh Line 18 O IIoEIC DLEEE a0
Reasrved for Predestion Switeh Line 18 O liooEE mILLLERED
Reserved for Froteciion Switch Line 20 0 110l 01LLiERnn
Frsereed far Protectioa Swilteh Lise 5 0 1a1e) e1111LEES
Restrved for Protestion S=itch Line 03 0110110 1311181
Ruanereed for Prolection Switeh Line 23 010111 RENRIAdL
lieserved for Protecteon Switch Line =4 QLN GERRIT0L]
Fexerved lor Proteclion Swiceh Ling =i O Iriool oLEEEda1)
Reserved for Proteciion Switch Line 78 O LLEGEG O RLLED]
Fienerved lew Protection Switch Ling 27 0 1LIoLy DElEEELN
Aeserwed lor Proveelica Switch sk nowledgs O oo I 011101088
Flessrred for Prolection Sw=itch Melemss 001001l 313111018
Under Stwdy for Syachronizstios OO0 Ioan eEii1111
Usder Frudr for 8pnahrsniistson =R R TR TR RRE Y
Under Study for Symehresitalion O DL0O0) DIENIGT)
Under Study fee Syechroaizaiisn RO e N TR R RS
Aegerend for metwaork ase Dodrory DLLLiten
Reasrved for metwark uwe Do01IoL Ga1rpINNg
Mesereed for necwork yas R RN YRRl
Feagrved Fur nevwor b uae DRI epanaanty
Meserved for neiwaork wsse COORmNE] iErEnN1l

MOTES:

1) Righimest bis cramsmilled Apse

12} The "Prolection Switch Line™ codes of Lie form BIAOCEND LERIT111
wie Lhe Are X-bits to indicans Lsr number af Lhe lia el Lkromgh o7,
b e switehed Lo 3 predeclion line




EEF's ENHAMNCED SIGHALING CAFABILITY

In zddivion 10 circuit management, ESF also provides enhanced signaling capability. By
robbing the eight bat from the &th, 12th, 18th, and 241h frames (signaling bis A, B, C,
and [, respecirvely) in the superframe, more than 16 signaling states can be represented,
Enhanced signaling capability is essential for merging services such as video, where
signaling states bevond Uhe few used in weice service may be required.

i FEATURE

Madern T-1 multplexers incorporaie many feanares and opdions to enhance T-1 netwadk
implementation and cperation. The various manulactarers may call their festures by
different names, and the feamrss may differ somewhat in functionality, The following
sections provide a brief description of some of the major features of T-1 multiplexers.

EYMCHROMNOUS DATA

The ability to intermix voice and data, and preserve the transmission characteristics of
each, is a pmary requirement of T-1 multiplexers. Voice transmission, for exampls,
can tolerate a few bit errors and not affect the quality of the voice a1 the recziving end
Speed of delivery is imporant &g any delay is nodceable in volce conversations. In
Telco style multiplexers data transmission is treated just the opposite. Ertor free
transmission is a higher priority than speed of delivery. 11 is this practics that makes
meast Telos grade T-1 sysiems unusable for crtical real time applications uch &% curfent
differenuial and phase comparison relaying

Synchronouns data transmission is characierized by the ute af clacking signals 1o
synchronize bit Umes. (Figurs 14). The multiplexer otilizes synchronous channe] cards
to terminate the data links which provide and accept the clock signals 1o and from the
synchronous devics, The channels are protocol transparent and pass essctly what is
recerved thiough Lhe sysiem. Error control is the respansibility of the protecol and the
devices,
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Figure 14. Synchronous Data




T-1 multiplexers divide the | 544 Mbps siream into 24 channels of 64 Kbps each. Since
very few end devices operate at 64.Khps, musltiplexers have the capabiliny of reducing
the speed of the channel to more useful rales (rate adapiation). Operating a 64 Kbps
channel at 9,600 bps is abvicusly wasieful. The multiplexers can divide a 64 Kbps time
slot in the D4 frame into several lower speed channels called subrate channels. Subrate
time division multiplexing provides channels from 75 bps 1o 64 Ebps,

The channels are sometimes connecied 10 analog modems or digital circuite e reach
remade locations that do not have enough traffic to warrant a T-1 multiplexer, These
conneclions are called wil circuits, The connestions 1o synchronous devices or Lail
circuits are made using standard conpesters and cables For links aperating at less than
30 Kbps, EIA R5-232 inerfaces are used. Higher speed links can use sither E1A RS-
449 or CCITT V.35 inlerface connections.

ASTMCHRONOUS DATA

Agynchronous data does not use clock signals te maintain data ward synchronism.
Instead, each word it preceded by a stant bit and nesded with a siop biL. (Figure 15), A
typical eight-bit byte from an end device will be transmitted using ten bits when the stan
and stop bits are added.  Asynchronous data normally operate a1 rates of 75 bps 1o 192

Kbps.
ETART :‘I'arirr.i.u'r BTCR
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Figure 15. Asynchronous Data
COMTROL SIGHALS

Control Signals such as Requesi-to-Send (RT3} and Clear-1o Send (CTS) must be passed
through the T-1 network for both synchronous and asynchronous dais channels. The
control signals are coded by the chanmel card into unique daia characters and sent with
Lhe data characters {in-bard signaling » a1 the remole end the unique characters are
recagnized by the channz| card. reconstrucied as control signals, and passed 1o the

artached sguipment.



DROP AND [NSERT

Mulliple aggregate T-1 mullipbexers must provide the ability 1o remove and insem 1palfie
from a T-1 link while passing the remainder of the T-1 aggregaie along 10 another st
(Figare 16). Drop and insen capabilities consaderably improve nerwork efficiency and
reduce cost. Depending on the type of buffering applied 10 the recsived T-1 AgEregate
the drap and ingert through limes can vary greatly between multipléxers of differen
manufacturers. When Teleprotection schemes are o be applied 10 a T-1 network the
additicn of these times can prove prohibitive to real Lme prodectien applications

Typical D&I through times for protection applications are in the arder of 25 s

LOCATION & LACATION B LOCATION &
TEAMINAL END DROP ANDVOR INSERT TERMIMAL END
P — SIS | S T S T T —— e —— e e ;
I kit TR PR NP PR
T + i # * §
CH 1 £ma CH2 CHzZ CH3 | cH
d-W84nk Yeace | | | Al Ve
T=From C | | TaFrom A,
2-Wdine ol o | L5 Voure AW Yenge d=1ne Wsice
Tefmm e TodFroen &, TreFrom T rom B
Figure 16. Typical Drop-And-lnsert Application

NETWORE TIMING
T-1 networks are designed 10 be primarily synchronous netwarks., That i5, data clocked
in at ofe podnt in the neiwork has a fixed timing relationship to the point in the petwork
at which the data is clocked aut Technically, this means that the spoeds at both paints
are the same, and there is a fixed frequency relationship between the clocks which strobe
the data im and owt. This condition is usually referred 1o as frequency locked

The Worth American T-1 network is derived fram a series of higher order network
multiplexer unsynichronized clocks using a technique called pulse suffing to overceme
clock insccuracies and Nuctuations. The use of unsvnchronized lacks far higher level
TDM network does not. however, preclude network synchronization of the lower beve]
T-1 or D51 signals. Synchronization of the nevwerk at the DS level is achieved by
framing (D4 or ESF in North America) the data streams and frequency locking the
node and network clocks. Lods of synchronizaten or unlocked clocks reswlt in frasms
slips. A frame slip is a condition in which framing is momentarily lost, as well az
network timing information, rypically resultifig in data loss

Some multiplexers, such as the Madel 001, provides four sslections for primary node
synchronization source plus fallback synchronization source. The reasons wsed and
Lezir application are described below
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In & T-1 network, the bipelar pulse transmission technique is wied because the clocking

information is embedded in the data, in i m
During transmission, clock and data are essentially locked

together. Thos, distribution of the T-1 aggregale links provides a sowrce of neiwork
Uming Lransmission

This involves selecting one ndde as the master (clock) reference node. The masier clock
is distriboied to the petwork nodes, enabling them to bock 1o Lhe common Mmaster
reference. This is a simple techniguees, with the oullving nodes operating in through and
loop timed miodes.

Multiple systems can be synchronized by deriving their iming form & common source.
Multiple sysiems which are lpop-timed to the ssme network are also synehronized, bolk
to each other and the netwark. T-1 systems are synchronized o prevent buffer overflows
of underflows, generally called “slips™, In netwark switching systems such as digital
central offices, PBXs, and digital cross connect syaems (DACS),

Just as there must be a clock source in 3 network there must alse b= a tail end. The tail
of the network takes the received clock information and LOOPs it back towards the
master clock terminal. In 2 point 1o point system the clock is generated ai the master
used by the remote terminal and is looped back 1o the master where it 5 terminated,

In drop and insen networks there ey be many terminals between the master clock
source and the last or LOOP timed terminal. It is possible and quite normal for
differences in time 1o exist between when the transmitted and received clocks pass
through a D& terminal. THROUGH timing is used in this instance to eliminate the
need to frame realign between terminals. Tt is this ability that helps the multiplexer o
maintain very low drop and insent through times.

Some examples of the timing considerations are depicied in Figures 17 and 18
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Figure 17. Drop/Insert System Internally Timed From One End
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Figure 18. Point-To-Point System Externally Timed From One End

FALLBACK TIMIMG

Each multiplexer has ils own imemnal clock. Lpon loss of the incoming timing source
the multiplexer has the oplion o revent 1o s “Fallback timing” made which tvpically is
szt o its own internal clock. ‘Whichever multiplexer ﬁn:_! losses its incoming clock and

reverns to its iniernal fallback timing mode, the muliplexers down the line will now
svnchronize 1o thal new clock sournce.

ERM

Severnl considerations must be taken into accownt when selecting & muliiplexer for a

utilities protection scheme. Some of those concerns are listed with an explanarien of
their impanance



HEFRAME TIME

ROBUSTWESS

Reframe Time is defined as the amount of time it takes a multiplexer to re-pmchronize
Lo the petwark showld thers be an inerfuplion in the incomeng dugnal. This amaunt af
Lime equates o an sutage af sysiem availabilicy during that internaption. This s why
this time should be kept 10 & minimam.

Robusiness is defined as the mean time 1o bose frame a1 107 Biy Error Rate. 15 a
mulliplexer loses frame it will then have w reframe. This ume is considered outage
time 50 the ability of 3 muluplexer not 10 loge frame 0 the first place becomes another
cansideration for the wtilicy.

THROUGH - CHANMEL DELAY

Through-channel delay ks defined as the amount of delay time incurred by a channel
passing through a drop and insert location. Since many T-1 applications are mulupainl
certain channels will fypically pass through seweral kocations before reaching their final
destination. This amount of delay incurred may become prohibitive 1o cenain relaying
applications (current differential or blocking) should these delavs not be kept to o

T L T,

FALLBACK TIMIMNG

Fallback timing is a necessity that guaraniees svelem clock is available should there be a
loss of the incoming clock source. This insures the remainder of the sysiem will
continue to operale from that new clock source.

Figure 19 addresses the Reliability Aspects of the Model 9001 T-1 Multiplexers.

Average Reframe Time | 7.5 ms for ESF 3,75 ms for 55

Aobustness greater tham 10 hours for ESF

hiean tme 1o lose frame &t 107 Bit Errar Rate;

Greater than 2 hours for 5F

Threugh-Channel Delay ' Less than 25 microseconds.

Fallback Timimg

|: Automatically enabléd in case of prmary Timing
| failure. |

| Smoath phase transition to falfback timing
mimnirmizes down line periurbations. |

Figure 19. RFL 9001 Reliability
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