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Present State anc the Predicted Cevelopment Direction of
Nirnital Siona' Transmission Systenms
by

“du-ra Juszkiewlcz andg f'arian faraniecxi

In the Yest few yesrs we have ouservet growing interest in oigital
systeng, evspecially FCM. This is ceused nainly oy the poussioility cof
multiple utilication of city cacles, Jow cost of multi;plexing and direct
switcning of FCM siynels in telephcne switching centers. fapid o velop-
ment of PCM systems ceused & situation in which there exists the whole =
family cof systems with cifferiny parameters, such es multiplicity, linesr ‘
throughput anc others. Newer FCM systers with hicher anc higher multi-
clicity are dgevelcoped anc wil) congtitute the next steps in development
hierarchy cf PCM systems. Certain proposals exist which recommend the
creation of fCM eyetems hierarchy in rel=stion to the analog systems, so
ttat on= coulo utilize PCM links for transnissicn of FDM groups.
ile creatinu new "CM systens one aid net forget the cooperetion with
Gote transmission and teleyraphy. Number cof channels was reserved for
these applications, anu in the specific case -- after a certain adaptation---
the FLM oU/3¢ system was adeptec for gata trensmission only.

For intefgrotec vigita) networkg the development of
FCM systems in coordination with geta transmission, tclograph& and other
systems, is very urgent, According to this concept, the signals originating
from the above mentioned sources, would be suitched In the electronic

switching center, with 8 certain fixed reate. Tt is essentis), that the
dinite! sionals formeo by digita) mu'tiplexing of PCM

groups or tre direct coding of certein number of telephone or other uwice

band sinna's ( videophone, radio, television, FOM groups), lbg ddentical.

This wou'ld #Vlow switching of above signels anc transmission over the
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dransmission

sinole Xdee 1ink,

The main problem is, that cifferent countries acopted and cevelopeo
oifferent PCV systems, differing in throughput, frame structure and
signaling frane, organizatiuvn of the entire system, parameters of transmission
links, etc. Tne inportent factor is «lso the choice of digita) multi-
plexing method: bit civision or time civision.

It was acceptec that the mandatory methoo in interfacing of different
systems with the electronic switching center, in context of intepgrated
networs, wi'l be the bit word divisicn methoo, or i
time slice division. 1In USA, fnoland and Japan the FCM 2L systerms were
built with throuabput of 1.5L4 Mbits/s, while in France, West ‘ermany,
Ttaly the PCM 20/32 systems exist, with throughput of 2.0LE Mbits/s, and
differinag frame structure, synchruniz:tioéizgmnalizatiun methoo., Similar
situation exists in TT leve! systems. 1/SA and Canada edopted a system
with throughput of €.312 Mbits/s. Englana, Belgium - the 6.336 Mbits/s
systum, anu the bucialist countries, France, Italy, sest Germany and
Hulleanu selectec tne C.4b4E Moits/s system,haeve]npeu it or are presently
ueveluping 1t)

Fpleno adapted the o.4bLb Mbits/s throughput, and on the basis wil)
geve lop tre integreted oigite) network concept. 1n first stege, it is
expected that the introduction of different informetion sicnals to the
network wil) be =synchronous. In the future the integnrated network will

be synchronous.

Fregsent Steate cof Digite) Teletransmission Systens
Pulse-croe  mooulation system PCM 30/32.
According to CCITT ano Permanent Commissien on Keolo and Electronic

Incustries of Comecown recommendsticns, the presently recognized basic
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pulse-cocec mouulation system is FCOM 3u/32. This system is capable of
working in non-Fupin ancg nonsy;%etric voice~grade or radio lines, or could
be used as:basis for further multiplexing. PCM 30/32 is expected tc

work with digital electronic switching centers. The CCITT recommendaticns
are finelizec fcr/géz 120 system, into which are multiplexed four 30

charne's orcuns, oricinated from/PCM 30/32 system. The ©CM 30/32 system

oives the most eccnemical development possibilities for local and regional

netuorks. Tt can be used in very wice renge for data transmission, cue b5
to its principle and time structure.

The PCM 30/32 system is intended for service in city anc regional
netwcrks for cistances Frcm:?ew to few tens of kilcometers. The system
can be instelleo on uelanced line caules,with channels insulation wmede of 2
paper-air, styroflex-air or plastic type, anc copper conductors with 0.5 ‘
to 1.4 mm dia., or equivalent diameter aluminum ccncuctors. The linear
transmissicn chennel is ru;lized on two belanced pairs, seperate for
each directicn of transmiscion, using refpeaters distributed along Ef \
the Yine in ceble w;115 or other assigned leccations. In the case of radio {

link ;
is replsced by 2 radic 1ink. A b

transmission, the — — cable
Tranemission cr the racic 1inK takes place on twc channels and in each f }
r=nnel the eignals are trensmitted on different carrier freguencies.
Bewteen two terminals of linear ch:znnels, 25 repeaters mey be insertec
without the need cf:sitter gamper.

The FCM 30/32 system provides the possibility of half or fu'l duplex ; ]
cennection witn the switching center, theat is, it assures the trensmission
of requireu critericn anc alarm signals necessary for interaction with

the exchange. The perameters of PCM 30/32 system are: ' |

- telephone channels - 30 o

- time slices in frame - 32 t
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- frene dursticn - 125us,

- frames in muliifreme - 16,

- sempling freguency in channel = & «Hz + 0.4 Kz,

- peak to peak guantizaticn levels - 25F,

- bits in channel's time glice - &,

- signali#ng chanrels for eact telerhcne chanrel - 2,

- norma) time duration for signa'isfno frame - 2 msec,

- norinal binary throughput of Yinear sional - 2.04c Moits/s,

- legarithmic compression characteristics A = 67.6 approximatea by
13 segrnents, in which tne neighboring segments heve slopes in

ratio 1:2,

impedence oulf- symmetric.

Fcr a transmissicn in acoustic chennels a linear bipolar signa! was
used, with HOB: code and pulse amplituce of 3V » 1U% ano 2LL nsec durstion.
The charscteristics cf the depencence between the sicnel-to-guantizaticn
noise ratio anc the signal level, while testino with white noise in the
range from -2 dBnC to -55dBm0 should not deviate nore than 4,5 dR from the
theoretica! characteristics obtained from calculations.

Criteria of frame phasing Yoss and recovery are as follouws. The
frame phasino Yrss is detected if the errors are found in three concecutive
frame phasing patterns. The frame phasing shoulo be ccnsiderec recovered
if une car detect:

- presence of the correct frame pnesing pesttern (zero frame),

- lack of the frame phasing pattern in the following frame (first

frame),

- presence of the correct frame phesing pettern in the following

freme (secocnc frame).
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Tne frame structure is as follows: i ]
- seguence numter of time slices SCC, SCI, SsCZ?, . . . . SC34; : w
- sequence number of telephone channels ¥T1, K72, . . . KT15, KT17,
WYY o o w et IS0 B0
- seguence nurber of frames in the sjonaling frame RC, R1, . . R15; : 2
- frame phas’ng pattern is loecateo in frames RO, RZ2, R4, . . . Rl6
and has the form XOO)I101;
- subpattern is located in frames R), RZ, R5, . . . R15 ancd has the i
form XIXAXXXXX, where X is an arbitrary cit; ;
- the signalisdng chennels arc lccateG in every 5C16 slice of Rl E i
througn R 15 frames; ;
- signalisng channels intenced for teleghon:e channels: % {
Kl in A Bl through BL ') 4
K2 in R? 81 through BL ; f
K15 in R 15  B] through Bl § |
K17 in R BS through P& i »
“ 1€ in B2 BS through B i f

K31 anm RS B5 through Bt
The existing FCM 30/32 gystems in the world enable the trarmsmission
of data, teleurzphy and rzdic programs in time slices normally occupiec
by telephone. The empty spaces in e frame, uhile utilizing full 30 15 f
telepghcne channels, may be used only for slow telegraphy anc gata trans-
miscion, that is, 3u - 5.0 baga channels. Etach telephone channe)l used

for deta transmission allows the 64 Kbits/s deta trensmission rate.

A synchroncus system of secondary digite! multiplexing with 6.44LE Mbits/s
throughput with positive filling.

Fresently, the agreement was reached, in both forms CCITT and Comecen,

sbout the requirements for the secondary digita) multiplexing systam with
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b.LLB Mbits/sec throughput end vith cositive filling., This is an
asynchreongus svetem, and allows the multiplexino of four bit streams
eriainating indepencently in four FCV 30/32 systers, anc cresting tre
possibility of havinn 120 telechone channels., This system, which will
be called PCM 1200 in the remainder of thi= chapter, has @ frame structure
shoun in Taple 1. It is expected to wecrk in non- Rﬂ““ symmetric lines,
where Lhe analog systens ariuigrﬁiggJE;E;;;?T;? In some ccuntries,
special symmetric cebles are manufacturec for gigital transmission
with cMbits/sec thruughput, or microccaxisl catles for cigite) tranmsmission,
which also can be useu for cigital transmission with Righ ordsr multi-
plexing. The cisteznce between repesters for PCM 120 system is about
L km. In orcer toc extract from/&Mbits/sec cdigita! stream, the bite

rimary /
cecrresponding to each/s#reem (FCM 30/32) end to eliminate filling bits, the
additicne! bits ars added tc the BMbits/sec stream, which form the frame
and fi1'inc contre) signal. The fillino contro? sional cconsists of
three bits distributed in the second, third and fourth subgroup. The
pregence of filling is detected after the receipt of 111 signal, ang its
lack,after receipt of ooco signzl, with a majority of bits deciding.

Bits from the primary PCM 30/32 streams are interleaveo. The system
is synchrunicec with @ obbolUC Hz clock with &+ 30 x107° tolerance. The
primary streams are receivec with the 2046000 Hz throughput with +50 x 105
tolerence. The loss of freme phasing is detecteo, when thne errors are
founo in four consecutive freme phasing patterns., The frame phasing
recovery should be confirmed, if the correct frame phasing pattern is
detected in three consecutive frames. The '2th bit is reserved for
signal ing i in internetiona) exchenge, In domestic exchangef if it is
not used, has a constant zero value. The 1'th bit is used to transmit

between terminz) stations, information orn other termina) malfunctiond

“resently, mam Ffirms, meinly “uropean, menufacture or are about to
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manufacture the FCV 120 syster devices. The system with positive filling

doesn't a'low alternate synchronous zro asynchronous work, sc most

conducted
1ikely, - worldwioe research will! pe in the direction of developing the
universal system with positive-negative fFilling, allowing both . . synchronous

anag asynchronous cperation. The propesal for sucn @ system was made Dy
tne Soviet Auministiatiun, which proposed a system with positive-

negative filling anc twou-commanu control.

Oevelopment Direction of Higher Order PCM Systems
The III and IV Oroger Systems
The only existing CCITT recommendations are for 7 order system with
2.0L8 Mbits/sec throunhput, and 77 erder system with &.4LE Mbite/s

throunhput. However, in scme Furorean ( anc not only Furcpzan) countries,

4

without waiting fcr the official reconmendation of the international
croanization, the systems of very high multiplexing and throughput werec
developed.

Using the previous hierarchy of “CM systems as a mcdel, some

B R A G e S i

logically assumed, that the next oevelcopment step shoulo be the system
multiplexin, &4 seccnuary systems, and with tre o.bbke Mbits/sec throughput.
Iney acreptlec the Lrensnissicn througnput egqua)l to 34.36c Mbits/sec.
kmong others, the Italisn Acministratiocn supportec this systen 2noc at the
beginning of 1574 sent to CCITT a proper document, propeosing the higher
order hierarcy of PCM systems, basing it on the T1] order system as the
gtarting one.

Some otker countriee, however, among cothers France, are s;eptical uhodt
tthL Mbite/sec sveter proposal and doubt about the very concept of this
svetem, They consider as proper to pass directly from secondary o.bbo

“bits/sec sy tem to 139.26L Mbits/sec system, with elimination of al)

other possibilities. France (. '&M‘ﬂ‘y 'y its own system with
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throuchput of52 “bits/sec 6 x &£.5 MHz, but exclusively for domestic use,
S Lt hwas an

similarly @= alreauy existing 26 Muits/sec systenm. Scth systois work on

the 1cuic lines.

RS Lhe Iesult of o coniroversy, CCITT sppealed to the sdministration

cf all countries pelunging to this corganization, that they take a stend

”“‘*k;f 3L.36c Mbits/sec system shoulc be odeveloped, or if it
one should e
should be sbancdonec anc ¥ go directly from/8.L4b Mbits/sec syetem to the

the
TV order 139,764 Mbits/sec system. As far as</ TUth crder systen is con=-

cerned, the najority of fAdministraticns endorsed its usefulness and

3 e L

necessity of cevelooment in FCM systens hierarcy.

) .
, desiqn
The Ttalian fcministration proposed also its own peepeesl of this
X
system, which is presented at the end of this chapter. The linear signal \
[J ]
E

is trensritted on coaxial lines with the dimensions 0.65 x 2.c mm;
repealel's are placeu every < k., }

Tne frane structure of II1I orcer system is shown in Table 7, ano 1

WA

! uf ihe lv orcer system in Table 3.

11 order system with o.Lbe Mbits/sec throughput and positive-

negative filliny &snd tuc-command control.,

S e e

There is no appreopriate CCITT recormendgetions feor this systen.
Therefore, the Scviet propose! is presented in four parecraphs:

- seconcdary group with 6,448 Mbits/sec consists of L primary groups
with 2.0L6 Mbits/sec. throuchrut; in wu1tip1ex1ng’ pit inter-
leavinn was used and positive-nepstive Filling;

- gervice bits in digita) stream are formed in & bit groups, which
separate the consecutive fremes; a)though such service oit grouping
causes thne increase of required memory capacity, it considerably 1 i
inproves the time freme phasing recovery, each frame of multi- ‘

plexec signal contains 64 information bits from each brimary system,

sc it consists of 256 information bits anc & service bits;
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- maximun. geviation cof ncninal c.bbo Mbits/sec througrpout is 200 bits
per million;

- multiplexing aevice nust contzin cre or several low-freauency binary
channels; each such chennel is used for service communication and
for Yine anc termine! device control.

The main advantaoe of asvnchrconous syster with positive-negative

opevation

Filling is the possihility of svnchronous eesk- in contrast tc the
secondary multiplexing system with positive filling, where certain
initial freguency cifferency fx - fs is reguired tetween cnannel through-
put anug input signal throughput. The existence of this difference makes
it pessivle for use in synchrornous .operdfmn-

The Presently usec system for control and steering of filling Hrocess,
is guite complicatea, whicn contributes to higher costsanc maznufecturing
difficulties, ant sc the Scviet side proposed the use of positive-n=gative
filling with twc-command control. Tris improvement wil' neot change the
general chzracteristics of pesitive-né;ative filling, assures the easy
change frcm asynchronous to qynchrnnous‘mcdz and qreatly simp'ifies the
neneration of commands and receivinog systems,

The main disadvantane of "classical” peositive-necative methoc is the
necessity of transmissicen of three commard types, which greatly complicates
the receiver and transmitter steering.

The increase or decrease of throughput by a single time interval,
whicn is usuwally eguel tu tne time slice, is accoumpanied by a trancsmission
of ocne or Lwo cocamanus,caelled ective. The third command, which corresponds
toe no change in informetion throughput, is neutral. The following pro-
gression of reverse commands is comparabtle for the trensmission of neutra)
cormands, not influencing the change in informaetion throughout., Tt is

pussible, therefore, to pair the reverse active conmancs in orcer to

neutralize them. Pecause of that, one was able to obtain the contro) of

———
;ﬂ\yf“‘
524 SO
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positive-negative filling with tuc commands. The principle of steering
with twoc commands is shoun in Fig. 1.

Additiona' fluctuaticons of cutput sicnal, observed in this czse,
cccur with a frequency egus! to freouency of commanc repetition. This
g sufficientlv large freouency and may be easily dampso with a filter

extracting the informz=tion from input signal. In this csse, similar

tt the clessica! three commang filling control, the jitter value,
criginating from the weiting time, is close tc zero, anc the low-frequency
ampliiuge fluctuations crestec oy an initial fk - fs cifferencez,is zqual
to the time slice wiuth. It is recommenced that th= vslue of the ratic

fo/ (f, =fs) max ve ]erge.mh&r: fo is tne commana frequency. The jitter

am,;] ituge is:

A n Sk = Sdmax 1

. Ja

RPecause of the fact that fo is =elected to be 0 tc 20 times larger
than the maximum a8'lowed difference (fk =fs), the phase fluctuztion
arplitude cannpot be recuced more than by 20 tc 25% of the time slice
wicth.

in using the two-cummand steering of positve-negative fill'n _rocess,
Uy Iepelcing Lhe neulral commancs vy peirs of reverse esctive cormonds, the
Jitter is cconsicersbly recucea, wnich is the acvaentage of "pure" positive

ome
filling, out &t the same time/preserveg . 811 the sdvantages of positive-
negyative filling and especislly its main sdvantage - the pcssibility of

opevation
Adth the nrimary grougs.

synchrorous
Synchronous 17 COrder System
The prirneirle of this system is the synchronous multiplexing of four

03y
30 channe' primary grouss, with 2.™e Mbits/sec throughput, into cne
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seccndsry roun. The characteristics of this system ic¢ the single source

timing of seccndary aroup throughput. The timing signals for the 2.04g

Mbits/sec primary oroups are taken from this timing source.

The throughout of the secondary orcup in this system is

WENT = AW

f = Lho Huits/sec ano is relateo to the throughput of primery groups

by a fcrnula:

| fz = & Fl ( 1-r) ruits/sec

l where r = 1/32¢ is Lhe seconcary yroup cversize.

; Ine synchronous system frane consists of S2¢ bits civiced intc two

‘ subgroups with ¢eb bits each. At the beginning of each subcroup there

f are o bits, which are usec to transmit tre frame phasing pattern, dgata

onssystem anc signa’ik3 anc a'sc synchrenization of sﬁin?1ing frame.
Steering from 2 sinole timino scurce takes place as follous:

‘ there '

in multiplexing staticn A, exicts & main tinin- signal source, GSC - !

a crystal-controlled oscillator with frequency of E.4LE MHz. The

secondary group signal issent from staticn A to station A with S.44E Mbits/sec ; )

throuvgheut.  There, the timing signal for the receiving anc transmitting

section is extended. In the recciving section of station A, the timing

D——

Silunal 18 extenued from wits that arrive from station B trensmitter, and :

al Lne seme Llwe the infornetion from thne four primary croups are extracted

e —

and lesd by the timing signal. The system consists of twd multiplexing
stetions an. & link witn repeaters every 4 km.
The receiving stetion consi=ts of four 2 Mbits/sec receiving sections,

o~
each conteining recenerator ang fixed =ize memory syeten. The necessity of '

O

using the buffer memory is caused by aignal phase fluctuations ( so
called jitter)., The rhase shifts are caused by transit tine changes, which
are c~used by rahle temperature changes. These are the sessonal changes i

for underarcound cables ang daily changes for overhead cetles. To calculate

- " — L . " ARG o 2 TR T
IR0 [ o S S SRR Sy e = g A Y T MR T
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the size of this memory, O typical line was consicerco, ouilt from
micrc coexial catle with cimensicns .65 x 2.2 mm, anu heving connecticnscmcry
Jd mm for @ primery group, ana 10U Km for & seccndary group.
Assum.ny thet the temperature coefficient of electric permeability
is & x 1u'°/ AC enc the averaye transit time through the transmission
medium is 5/4eec/km, cne cen calculate the maximum change in sicnz?

transit time through the lipe, usinc the formule:

46 =3-10"*. L . 4T [us)

where: A© - chence in trensit time; L - line lenuth in km; AT - temperature
chanoe in °C,

with tne average uaily temperature change equ:]l AT= 10°C,
A = 3.9 }Asec. rnouwing then, that the length of a cingle bit in the
primaiy Lroup is u.u;ﬁ,;sec, one can ce]cul?te the memory size, which
must be useu: 3.9 : U.bkob = b bits. Wwith smaller memcry, the shifts of
frame phase (slips) will cccur toc often. As cne c=n see, the line
length in the synchronous system is Yimitecd by & change of primary coroup
digita) sign=1 transit time, An additicnal difficulty is the rinidity
and Yimited applicetion in retworks, because of limited Yine length.

The &' cve disadvantages may be countered by a number of advantages
of svnehronpus multiplexine, such as: good ecoromy, sinplicity of operation,
and possibility of creatinc so calleo "synchronous zones" in definec
areas of teleprone network. Interfece between such "zones" could work

asynchronously. kn egxample of synchrounous system line is shown in Fig. 2.

Stuuies on Optimal Frame Structure
In many parts of the world .. stuclies are teing mede on a frame

structure which could be universal for al! aspplications of integral

M Al g S iy s T £ I
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network? Due tc the cevelopment of solid state technology and possibility
of manufscturing the inteorated logic svstems with hicher ano hinher
speeds, one is zble to use for the informaticn exchange in integrated
netuwork speeds hinher than 2.0LE Mpits/sec, that is E.44LE Mpits/sec.
Some Administrztions set forth treir ouwn proposals for the fiame

structure for cifferent applications in the network. The Italian
faministration rropos=d tnree versiinsg of fr=me structure for cifferent
applications:

1, for uvigitasl conmmunicaticn between two vigitel electronic

exChanyes,

Z¢) fur gicitel communiceticn oetueen cigita) electronic exchange

anc FCM multiplexing c&ﬁters of II order,

3) for cigitel cenmunicetion between digitel electrenic and

synchronous multiplexing centers of IT corcer.

The hlock ciagram of the netuork whicw contzins all three above
mentioned possibilities, is shown in Fig. 3. According to the Ttalian
Administration, the third case is least useful! of three mentioned.
Presently, such synchronous mu'ticlexing centers, are not taken into
accrunt. Th= throughput of oigital connections stiould be 8.448 Mbits/sec,
which correspongs to 132 time slices. The center's clocks operate at

the frequency of 0.192 MHz (4 x 2.04o Mbits/sec) ana thus the switching

syslem nmay use at nost 12c time slices., Thie is why the adoitionel

gevice is requireu producing four edoitionsl time slices in aadifion
to 1e8.

The Itelian Acdministration is of the cpinion, that the aoditicnal
time slices should be distributed uniformly in & freme. This soluticon
causes*ama‘1 jitter at the clgek conversion from bLLE -=--- 1192 and

reaouires sma') buffer memory. Tm a'l enticipated appliceticons two or

four additicna) time slices ere used for frame phasing anc service, ann1\c

R st 0 LT
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reraining tuo slires for other use$.
e
The frame phasing pattern shoulo ccmp1g31y occupy the zercth

time slice. Tre proposed pattern has the form 10111000, The first

T

five pits of the time slice nc. 66 snoulc contein the complement of the
phasing petiern (thet is, OlGudl), anc the remaining tuwo cits of ceth
time slice shculo be usec tu provic- service informaticn (that is,

» freme phasing loss or lacs of pulses entering the link and terminazlsg).

t Taking intoc acccunt the remaining 12c bits, the follouving structure is
progposed:

1) between dicita) electronic exchenges - 127 time elices for

L S T

telephonv or Siﬁ"?xzpinn channels 6L “hits/sec and cne time

2 slice no. 1 reservec for domestic use;

W

?2) between dingite) electronic exchange and "CM cevices - 12U time

slices for teleptony, L slices for sicnzling ano & service time

slices. : \
In thne structure 1 the time slice reserveu for comestic use is
escsignec for the internel service in cigitsl electionic exchﬁngef In
thie slicctule ¢ the low Lransmission efficiency is justified, thaJ:the
b4 kbits/sec Sigﬂﬁ]!’ing channels ere the same as used in 2,046 Mbits/sec

system, This comes sbout from lesser complexity in cdigital electronic

gxchanoe, The structure 2 can be usec alesc in the cese, where 4 fres time

slices are usec for the transmission of frame phesinag sianals in primary
nfoup. The frame structure, which is the subject of Ttalian Adminictration
prepoeal, is shown in Fig. 4.

The Dutch Administration alsc presented its own‘prcposal concerning
the frame structure for the same three cases, which were the subject of
Italian Administration studies, and Dutch Administraticn is cf the cpinicn
that the thiro of the considered cases will have the greatest use in the

integrateu networw,

The generezl charecteristics of the system proposed by the Dutch
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Ruministiatiun : nominal throughput of c.bbkcMuits/sec, from which the
l.¢ time slices cf I‘W“ sec (lUSk pits) are verived; allowed tolerance of
it throughput depenus on type of appliceticon; the tine slice interleaving
is useu (noL bits).

If the comnen signa11n3 channe! is used for communication
between digita) electronic exchanges, it is necescary tu assign
seperate time slices for sionalizetion., Llse of digita) electronic exchange
may require the choice of certain nroper tine sVices for spesech and
commen sinna'ing channe!, Tt is assumed, that in the case of using
f.ubBMeits/sec throunhput, the time slices above 17¢ ( that is, slices O,
1, A% and £7) wi') be extracted from the bit stream of c.LLB Moits/sec
throughput before switching, thus it feollous, that the exchange clock
shoulu hdv:‘fr%u=nuy £.192 MHz,

lavle 4 snuws the chnennel assignment witn res.ect toc applicetion in
the cesclritec pussivbilities, anu the Taule 5 shous the time slice cis-

°

tribution, these seme pussibilities. Taole & glves the structure of *ke
signaling frame. The signaling frame consists of 16 frames, which fcllous
from 500 Mz signaling speed ( with maximum signa) distagticn of 2 msec)
and thejr capacity of L bits per channel, The frame structure is shown
on Fig.5. DOutch Administration proposes, that the frame rhase Yoss
signaling take rlace cnly after incorrect receipt of four counsecutive
frame rh=gin~ patterns, and the decision on freme phasing recovery follow
the correct receipt of three consecutive frame rhasing patterns. It is
considered necessary and eccnomically justifiea, that in adoiticn to an
internel, mein timing generetor every stetion have an input for the
Tre Italian anc Dutch

externel tinming signal connecticn.

huminististion proposals ere very similar and after proper consultations

with other Roministreticne, the compromised freme structure based upon
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Ttalian anc Outch propesals, mey be apprevea by CCITT for development

in a'Y countries.

Tnterface of NDigita) Systems Anticipated for the Integrated

NMetwork With the Systems Presently in (*se

Transuissicn of frequency wultiplexed chennel groups (FDM) tnrough
the ulgital lines is &n uneconcmic means cof telephcne channel treans-
missicn. For example, the trensmissicn of lc-channel primary FOM group

reguires Tinn of 2.04u Mbits/sec throuuhput, whith hag

the ability of 30 chennel transmission in PCM 30/22 system. Tu owder-to wse

the same 1ink as in PCM 20/32 system, the tr:=nsmissicn rgigrinary FOM™
group will require the norma! primary aroup equipment ano the srecial

analog-to=-dicita) cocnverter. As one cen see, this scluticon is more

expensjve than W FCV 20/32 syetemr. JIn digita) network, however, situations

may ex'st, where FO" group transmissicon i digital form can be
economically justified. An example cf this,“can be the situation, when
the ceble mormally used for 2znalog transmission is used for digitel
transmission. Oue to the interferences, which cros;:?;om the oigital
systuems Lu enaluy systems,the FOM group should be transforf‘to digite]
fourm, Ttaﬂ&fngq;g tre FOM Sroups to acoustic channels level, and then
multiplexlng'them in PCM tectnique, 1s.:eas economical solution than the
transmission of entire group in digite) form.

: Iﬁl;the selection of samrling frenuency, one has to pay attenticn +.

FDM group banc location. Tf the ratio of 1ipitlng frequencies does

not exceed 2, then the samp'ing frequency can be'only 1ittle higher than

the upper band freauency. At the same time the condition must be

satisfied, that in the sampling process, the side banags of PAM signal

do nct overlap. As an exemple, the sampling frequency of FOM primary

AT O

T ———
AARLED # S ¥ AT N ru'"i o

@

. Ol P e )
o R I
R e e TSNS |

RS i e

.

e
R




=) T

. baul i
group in twe o©U - luc xHz can be witnin 10E =12u kHz limits,

The uigitel €ignel throughput is affectec coth by sempling frecuency

anu number of tits in the code wora, therefore, while choosing the
sampling freouency, cne has to taxe into account thrcughput of PCM
1ink, through uhich the PCV eignals wil) be transmittec,

1\‘OPV1CF for codino and decodinn the prinery FOM greoups (in abbreviaticn
codec FCM ~FDM12) may independently interface uifgrghv 30/?2 system Vink,
or with PCM Yink tkrough a digital muttirlexing device. Codec FCM=-FDM12
centaing double-encded analeog input end output, nunber of Code elements
1L - 12, Vinecar coaging type and double-ended digite) inmput and output.
Oevice four ccuing anu decoueing seccnoety FOM groups (Cocec PCM - FOMED)

which ave
is intenced fur cocing anc cecouing &U~chennel seconcely groups fregquency

muliiplexed. The mest economicel scluticn of Covec FCM - FOMED 1sa1rans1ation
og‘§1z - LL¢ kHz bend LJ\TE - ¢5¢ kHz pBana. In this casc the sampling
frequency must be at least twice as larue as the highest band freouency;

that is, larger than 504 kHz. In practice it is uwritten 510 - 530 «Hz.
Such‘samp1ing frequency allows to obt=in cn the Codec ou'put 6.14L Whits/sec
throughput, or three paralle) gigita) sionsls with 2,046 Mbits/sec through-

e
put. The ceder with 3 x 2,046 Mhits/eec outpuls has auvantege, that

after addinn one more primary PCM 30/32 gro|uu;t:n directly interface tc *ﬁe
dinttaY multictexing device. Tn addition, this sclution allows the
trancmission of 6U-channe! secondary group through low freguency cables,
which in normal situaticnsere not sultscle for the frequency systems.
Couec PCM - FOMbU hes double-ended analog input anc output clgita) 3 x 2 -
end in.ul end output, linear couing, nunber of code elements=10 - 11.

Use of FOM group cucing ano decoding devices wil) be the transiticna)
solution while introcucing the integrated netuork. Uhen the completely

inteurated netuark . exists, and the analog systems wil) not be used,

awd. the describec devices wil! net be necessary.
#

#

T e i b




-

1 §

Biblicnrarhy 1

1, gbiofowa: ne Wydaw-
nictwa acjl | Lacznndcl. Warssawa 199 r.

&t'?oint carer: Teletransmission Nigital ‘3ys+em5")

* Felks Blocki Telslonicine pysiemy wislokiolne o _pedsisle
czasowym. Wydawnictwa Politechniki Warssawskie). arstaws

(" Multiptex tclephone systems with time slice division ") i

3. CCITT — G.732. Casractéristiques des équipements de muitl-
plexage MIC primaires fenctionnant & 3048 kbit/s.

§. CCITT — G.742. Equipement de multiplexage numérique du
second ordre fonctlonnant A 8448 kbit/s avec Jjustification po- 1
sitive.
3. CCITT — G.745. Equipement de multiplexage numeérique du
second ordre fonctionnant 4 8448 kbit/s avec justitication po-
sitive/negative. : X
6. CCITT — G.751. Equipements de multiplexage numérique fonc- 1

tlonnant au débit binalre du troisieme ordre de 34368 kbit/s
et au débit binalre du quatritme ordre de 139264 kbit/s et
utilisant la Justification pasitive.




Tab'e 1. Frame Structure in 7CM 120 System

SUByT Uu Tyre of Lits g8it number
Wumbel
1 Frane chesing signel (1110100600) j ISR i
First free bit (for domestic use) 11 J

Seccond free bit (for internaticonal use) 12

Informaticon bits 13 = 21l¢
5 i Filling control) bits for: } i
Channel 1 1 u
v
Channel 711 2 ; A
Channe! 117 3 é 4
Channel TV b ~g k
Infermation bits 5 = 212 ‘% |
111 Filling cuntrcl bits . R § '
irnforneticn bits 5 - 212 ; 3; 2
lu‘ Filling contrcl bits 1 =4
Infecrmaticn filling bits for: !
Channel I S ‘
Chennel 2 6
Channel 3 )
Channel L b
Information bits 9 - 212

Frame Yenqgth tbo bits
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Tablz 2, Frame Structure of & 34,366 1

Frame structure

vpits/sec 120 x IU'G throughput system

fits Lucaticon

asubgroup

Binary thrcughput of seconcery groups
Frame length
Maximum filling ccefficie~t of sincle

seconcary group

Fraie nasing petiern 1 - 10
Free bits 11 anag 12
Information bits 13 - 284
Subgroup I1

Bits Cj1. of fillino contro 1 - &
Informaticn bits 5 = 3bbL
Subgroupn 7717

RAits hj?‘ of fillipg contro? 1 -4
Tnformaticn bits 5 = 364
Subgreup TV

Bits Cjb‘ of filling control 1 -4
Filling oits 5 - v
Infecimation pits g - Zbb
iumber cf secondery LIoups L

bbbe kbits/sec

1536 bits

22.275 khits/sec

*) Symbed “31 denctes i-th fi1lint contre! bit, oricinsting from

j-th secrndary aoroup
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§ Tavle 2. Frane structure of 139264 «pits/sec + 20 x 10# system
3

Frame structure 7 Bit location

Subgroup I

Frame prasing pattern 1 =17
: Free hits 13- 186 |
X Infernation bits a 17 - LEB
? Subgroun "1, 111, IV, V J
< 9its Cyy*) of F111ing control, § = 1 = & 1305 |

Infurmation bits

w
'

Lo

gt
-

oubgroup iV

ALl

&

|

! gits C ;%) of fillin, control t s 8
; Filling wits 2 = B 1
: Infocrmaticon bits 9 - LEE d
E Frame length 292€ bits ’ ¥
? Number of information bits assicned tc esch |
gi tertiary group 723 b
;_ Maximum fi1ving coefficient for eech = g !
: tertiary oroup L7.56 kbits/sec 3

‘§ Pimary throunbrut of ezch input tertiary group 34360 kbits/sec '

Number of terts 4

. Sholis N b Ay 3

*) synool Cdi cenotes i - th filling contro) bit crigineting from

J = th tertiely gloup.




Table L. Channe! aistribution acccroing to applicaticn

Signalizaticn

- e

Opticn Tel=zhony Primary Group Seccndary CGrou Service
e frame phesing frane phasing

) | lco -—- -——— 2 2

P2 124 4 —— 2 2

3 12u [ 4 2 2

Table 5., Time slice adistribution (SC)

Frimery oroup frame phasing
telephon
service
sinnalization

telephony

Cption Time slice assignment Time =lice location

] Frame phasing pattern SCO +5c) (bits 1-6 ) )
telechony 2 - 65
service 66 anc 67
telephony 68 - 131

2 Frawe pnasing pattern SCC + SC 1 (bits 1-5) :
telepheony 2 - 65 ;
service E6 - 67 %

i

signelization 6E - 71 é
telephony 72 - 131 §

3 Frame phasing pattern SCC + SC Y (bits 1-6) :

2 =5
& - 65

66 - 67
6o - 71

72 - 131
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Teble &. structure of signaling frame

Frawe nunLer

o
1)
@ Siyneling freme phesing

Hlarms

L, SC - time slice

5. K¥ - telenhcne channe)

l
& ’ e b sl
3 * SC o8 sce | 70 ! STl
ramk |
0 KT 1 | KTI7 | KT33 | KT | KIsid | KTa0 | K795 ' KLLIn
# Eo ok K12 | KT1s | K134 | K130 | wree | K1a1 | Ko | k1o
14 KTI15 KT3l KT47 K1ns K17 | KT KTIo9 K112
15 KT16 | KT32 | K145 [ KTod | fazowanie am- | .‘Il.'llm):h .
ki u’m&r,\ J- @-) i
nej

Mgt gaan

.'""“‘fﬁ;‘{?‘
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change with positive-nenative Filling 8} input signal
ch=znge, b) phase change with three conmand contrnl, c)

change with tweo command control.
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Fin.2. Synehronpus system exam; g

GSC - nain timing signal

s WARMAR e

hNag - transmitter

Udo - receiver
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Fig.3. Oigitel networs; CLE - diyite) electronic exchenge, F - synchronous
multiclexing cevice, FCM 1 - PCM 30/27 system device, PCM2 - °CM 120

| system device, Kenz¥dw - chanrels
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1 Fio.t., Proposed frame structure for 6.LL6 Mbits/sec
a) betueen tuno digite) electrenic exchanges
'b) betuween electronic exchance anc "CM gevices, F1 - frame phasing
pattern ( 1011100), F2 - frame phasing pattern complement
( 01000) - 2 Service bits), £ - auxilliary tine slices,

N - vomestic use bits, S - signalization time slices, A - auxiliary

time slices.
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fi)- freme phasing

(E\- telepheone chann&1s'

(3}- service : f

b (Z}- signalization : E

&
(%)- nrimary oroup freme phasing E
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