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Method and apparatus for transmitting and receiving a plurality of individual tributary signals in multiplex form via a common line.
At the transmitting end, the tributary signals, each of which having a similar initial frequency, are converted into a compound
signal having a frame structure with a common data rate. At the receiving end from the compound signhal each individual
tributary signal is retrieved with its initial frequency. A phase information signal portion including a respective phase difference
between each tributary signal and the compound signal Is formed and inserted into the compound signal in the shape of
respective coded bits, and the initial frequency of each tributary signal Is recovered from the phase information signal portion

Included In the respective coded bits belonging to the respective tributary signal.
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A METHOD AND APPARATUS FOR TRANSMITTING AND
 RECEIVING MULTIPLEX TRIBUTARY SIGNALS

Abstract ‘ - ' ‘ 1
Method and apparatus for trans'mitting and rec_eiving-.a plurality oféindividual

tributary signals in multiplex form via a common line. At the transmitting end, ,

the tributary signals, each of _whiCh having a'-.SimiIar initial frequency, are
converted into a.compdund .;_s‘igp_al having a frame structure with a common
data rate. At the receiving end fr,om the comp‘dund si‘fgn,al each individual .
tributary signal is retrieved with its initial frequency. A pha‘se\infonjn:ation signal
portion including a respective phase difference between'- each tributary signal
and the compound s'ignal is formed and inserted into the compound sig nal in
the shape of respective coded bits, and the initial ._frequ‘ency* of each tributary
signal is recoveredjfrom' the phase j’nfomatiOn signal portion included in the

, reSpective cOded bits b.e|6ng.ing-_to- the respective tnbutary signals.
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A METHOD AND APPARATUS FOR TRANSMITTING AND
RECEIVING MULTIPLEX TRIBUTARY SIGNALS |
Field of the lnventron '
The invention relates to a method and an apparatus for transmlttmg

’ and receiving a plurality of mdlvudual tributary sugnals in multlplex form .

vua a common line.

A data Ime can carry a plurauty of signals onglnatlng from a pluralnty of
individual sources. In practice, a plurality of signals of nominal the same
frequency termed .“trloutary \srgnals are multiplexed f_or being transmltted via

the common line as a “compound signal’. The multiplexed signals are mapped

into the compound Signal which has a frame structure and is of a higher data

rate than the sum of the tributary frequences. The compound signal received

at the receiver, IS demultlplexed The mdrwdual tnbutary signals so obtained

 should be |dent|cal to the ongmal tnbutary signals before being multlplexed at

the transmltter This means that the frequency of each demultlplexed tnbutary
sugnal (“the recovered clock”) should be identical to the frequency of the

original sngnal
In order to adapt to the common data rate of the compound signal,

addltlonal bits are used. This offers the possrb-lllty to transmit mrtgal tributary

- signals of somewhat d—ifferent- 'frequencies Some of the 'additional- bits are

used to transmrt control information needed for the rate adaptlon of these
trlbutary sngnals Some of the addntlonal bits can also be used to transmit
some other addntlonal mformatlon The additional blts are put in a fixed
posntlon into the framed compound srgnal Rate adaptaon IS made by a stufﬂng

: procedure To that end, gaps are provided in ﬁxed frame posntlons wherein

information data can be inserted, or which can be left empty. When the initial

tributary frequency is lower than the nomlnal rate, these gaps remain empty

(posmve stufﬁng) When the initial trlbutary frequency is higher than the
nommal rate, sorne of the bits are inserted in the empty positions (negative
stuffing). The tributary signals which are adapted in rate, are multiplexed. that
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is, the bits or bytes of the signals are interleaved and transmitted to the
receiver through the common line. For recovering the tributary sngnats at the

' receiver, the signals are demultuplexed For recovering the frequency or clock,
phase mformatnon transmltted with the compound signal is used namely the
phase dtfference between the compound sngnal and the trlbutary szgnal This
phase difference is transmitted | in the gaps provided in the fixed frame '
| positions and makes no big harm. However, the stuffing information means a

rough quantization of .thephase which causes wander and jitter of the
recovered frequency or clock. ' '
Summa[z of the Invention .

' It is an object of the mventlon to held wander and jitter in the compound

signal as low as possnble
The mventlon is defined in claims 1 and S. .
In the transmitter, the phase difference between the compound sngnal and

- the tributary signal is accurately calculated. This calculated phase difference is

coded preferably by a binary number and is transmitted in ded:cated bytes of
the compound line signal. In the recelver the mmal frequency of each tributary
signal is recovered. For thatpurpose, .the phase information transmitted is
used. _ & . “ o

- The accurate calcuiation of the phase difference is obtained by using an

“auxiliary clock at the transmitter. Furtherrnore, the mean value of the phase
difference is calculated for a fixed time interval where the mean value is
“obtained by an integrator. ' '

Brief Descri tlon of the Drawm ?
- Fig.1isa block dlagram of a transmltter

Fig. 2- is a block diagram of a synchronizer,
Fig. 3 is a block diagram of a receiver, and
' Fig. 4 is a block diagfam of a desynchronizer.
Detailed Descrlptlon ‘ | '
- Fig. 1 shows a transmitter for inputting four trlbutary sngnals 1,2,3,4and
outputting a line compound slgnal 5 Wthh includes all data of the tributary
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signals and some control data and may have a frequency of say 10 GHz. Each
t-ributarysignal' is delivered to -a respect_ivesy—nchronizer_6 which_. prepares a
rate adabted tributary ~sig_nal-61 for being .inte;rleaved by a multiplexer 7 Qvith
the remaining rate adapted tributary signals 62, 63, and 64. The multiplexer 7
COmpoées the data of the tributary signals 61 to 64 and delivers such o
composed signal to a frame ,cqns'tructor 8 which finally outputs the line
compound signal via line 5. The frame constructor is controlled by a frame
counter S and a system clock 10 hav'ingt-hé frequency of the line compound
signal. The system clock 10 is also delivefed to the frame.¢0untér 9 and a
phase-locked IQop 11 which .out\pu\ts an internally generated’auiilia-ry clock.

- The output of the phaSe-'-IOCKed loop 11 and a further _auxiliary .clock 12 are
_del,ivered to a gate 13 so that the auxil'iary_ clock 12 can be made effective for

each of the synchronizers 6.
The auxiliary clock 12 is an uncorrelated cycle to the writing cycle and
the reading cycle and is used to obtain a higher resolution of the phase

difference between signals.

Cycle adaption, which is aimed at, makes it necessary to use a plurality of N

~ gate functions.~;For this reason, cycle adaption is realized in CMOS technology

which allows a relative low frequency of say 78 MHz (in rei’ation?to 10 GHz of
the compound signal 5). Therefore, the serial data are transformed to parallel
data and are written with this low frequency into a memory and read out with a
similar'lowrfrequenoe from the memory.

Fig. 2 'shows pa_rticulars of each synchronizer 6. Input data from one of

the tribqtary signals 1 through 4 is delivered to a FIFO register 14 which is

controlied by a write counter 15 and a read counter 16. The write counter 15 is
operated by a write clock 12a and receives the numbersof the bits in the

- tributary signal via Iine 9a. The read counter 16 is operated by a: réad c_:ldck.

12b and receives the number of the bits from the compound signal through
line 9b. The register 14 is an elastic s_torle\which provides write-in positions
(write address) for the data bits of the 'respective\ tributary signals 1to 4, and
read-out positions (read address) for reading out '-thesex data bits .:.together;with.
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bit gaps as provrded by the frame structure of the compound srgnal A phase
difference unit 17 is provnded which by the operation of the write counter 15
and the read counter 16, forms or calculates a phase dlffe_rencefbetween each
tributary srgnal and the compound signal. ' - .
In detall, the phase difference is formed between write and read address of
register 14. The resolution obtained with this measurement corresponds to the
cycle time of the writing cycle or the reading cycle, that is, phase difference

. meaSurement s made"synCronously with one of these cycles. However, this

resolution is not sufﬁcrent to fulfil the requrrements as to ]Ittel' at the output of
the tnbutary signal. Furthermore the phase difference between write and read
address IS changlng contlnuously, and measurement is only a rough
quantization of this phase difference. This is the reason why the auxiliary clock
12 is used which is uncorrelated to the writing and reading cycle and allows
measurement at fine stepped times. (The-aUxiliary' clock 12 is drifting slowly,
so that, in a measuring.period. the clock shifts through all possible positions
during a cycle time pe_riodofthe writing or reading cycle. Additionally, an
average value is formed for a defined measurng p'eriod which correspondsto
the distance between two stuffing pos‘itiOns

“i. e. the measured values are mtegrated across the measuring time. The

average value obtarned allows the dechIon stufl' ing posrtlvely, stuﬁ' Ing
negatively or no stufﬁng '

‘Formation of such average value allows to calculate the rnﬂuence of the gaps

which, due to the frame construction, occur regularly.
The phase difference unit 17 makes a binary number from the average phase'
drfference and delrvers such coded phase information to a data output gate
18. The coded phase information is also delivered to a stuff decision unit 19
which has outpUts connected to the read counter 16 and the output data gate
The auxiliary clock 12 with its portions write clock 12a and read clock
1 2b allows the accurate calculation of the phase difference between the line
signal 5 and the tributary slgnals 1, 2, 3, and 4, respectively. The phase
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difference unit 17 includes the integrator referred-to above which, for a fixed
time interval, forms the mean or average value of the phase difference Wthh

" is the basis for calculating, the phase dlfference between fine slgnal and

trlbutary signal. |
Fig. 3 shows a reoelver for four tnbutary data outputs 21 22,23, 24.

These output lines 21 through 24 belong to respective desynchromzers 26
which are connected to a demultiplexer 27. The demultiplexer 27 is controlled
by a frame alignment circuit 28 which is interconnected with a frame counter
29. System clock 30 is connected to frame counter 29 and a gate 25 which is

.also connected to the frame alignment circuit through a recovered clock line
- 25a. The gate 25 generates internally an auxiliary clock which | is delivered to a
phase-locked loop 31 which outputs to a gate 33 havrng a second input

connected to a further auxrlrary clock 32. The gated auxrliary clock is also

\ connected to each desynchronizer 26.

‘Line 5 delivers the compound slgnal carrying the data of the tributary
signals and also-additional bits to the frame alignment circuit 28 which firstly
outputs the data of the c.ornposed_.,sig\nal and secondly the recovered clock
25a of the compound signal. The recovered clock 25a is used in the frame
counter 29 to decide when a-.frarne b.egins-and ends. The demultiplexer 27
receives the data of the composed signal 28a and is controlled by the frame
counter 29soas tode_liver the appropriate rate- adapted data 71 to 74 to'the .
respective desynchronizer 26 in the adapted rate. The auxiliary clock 32 is
used to reoonstruct the mltral frequency or rate of the respective :
desynchonrzer 26 S0 that each tributary data output 21,22, 23, or 24 has a
frequency which is exactly the same as the initial frequency of the signal.

Fig. 4 shows a desynchronizer circuit 26. Data from the demultiplexer
27 on line 27a get intoa F IFO register 34, to which a write counter 35 and a

| read counter 36 as well as a phase dlfference unlt 37 are connected FIFO

reglster 34 is an elastlc store having write-in posmons (write address) for the
compound srgnal received, and read-out positions (read address) for the data
bits of the respective tnbutarysrgnals. Input line 27a is also connected toa



10

15

20

25

30

- - CA 02381834 2002-04-16

Bleisteiner 7-7-7-22 s

phase and stuff information unit 38 which has a second input 29a from .
compound signal frame counter 29. Phase and stuff mformatlon unit 39 has a
first output 39a for deluvenng stuff mformatron to the write counter 35anda

second output 39b for delwermg phase information to a summrng member 40
which has a second mput from the phase difference unit 37. The output of the'

summing member 40 is the input of the phase-locked loop 31 which includes a

| controller 41, a.numenc control_led oscillator 42, a phase detector 43, a filter 44

and a voltage-controlled oscillator 45. The output of the voltage-cohtrolled
oscillator is the read clock 32b and is also used as the tnibutary clock to an

output data gate 38.
‘The data of the composed signal_reaching the demultiplei;cer 27 from
the frame alignment circuit 28 are demult‘iplexed so that signals 71 to 74
contalmng the additional bits i ll"l an adapted rate are obtained in successlon in
the several desynchromzers 26. Controlled by the frame counter 29 the
additional bits i in the compound srgnal are read out from the rate adapted data
stream of the tnbutary sugnal 27a into unit 39, whereas all blts in the
compound signal are written into. elastlc store 34. The coded phase
mformatlon taken up from unit 39is used for an accurate calculation of the
phase dlfferenoe between the write and read address of the elastlc store 34,
The whole phase dlflerence is calculated in phase difference unlt 37. '
- The whole phase drfference has severai portlons .
stuffing mformataon (whrch s a rough quantization of the phase course, and is
only transferred when actually a stuffing operation is made),

- synchronizer phase difference between write and read addresses (which has

been calculated at the synchromzer and is transferred to the desynchronlzer '
with specific bytes This value IS transferred regularly one tlme per stuffing
posrtnon lndependently from whether there is a stuffing operation, or not), and
desynchronlzer phase dlfference between write and read addresses

' (calculated at the desynchronlzer as a mean or average value, in the same

manner as at the synchromzer).

‘The whole phase difference is the addition of these portion and is added to the
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‘ phase course of the system clock or cycle of the respective channel or

tnbutary srgnal (when frame gaps removed) so as to yleld tho original phase
course of the respective channel

In detail, phase information as well as phase difference calculated is
further processed for such clock recover_y in -the\.phase-locked loop 31. The

" loop includes a numeric controlied osciliator 42 sothat the output signal

thereof takes the initial frequency of the respectwe tnbutary signal 1, 2, 3, cr 4.
The phase-locked Ioop 31is responsrve for delivering the clock wrth the
correct phase relation. When recovenng the clock on line 32b, any phase
deviation from the phase of an rdeal clock of the same frequency IS wander

‘and jltter. With lnv,entlon, wander and ptter are kept.low by the procedure

described above, since the tributary clock on line 32b is recovered from the
clock of the demultiplexed signalfrornwhiCh the gaps contained in the
compound signais have been removed by virtue of the phase-locked l00p 31.
The additional blts in the regular gaps of the frame structure of the compound
signal produce only low values of phase deviation, since the phase-locked
loop 31 has a low cut-off frequency. On the other hand, irregular gaps as
occurring with stuffing produce irregular phase steps at the -input; of the phase-
locked |opp 31. 'This w'ill produce big phase changes at the output cf the
phase-locked loop. However, with mventlon the transmltted phase difference is
used when recovering the clock in the receiver so that the clock produced in
the phase-locked loop 31is a clock with the desired phase for each trlbutary
signal. The phase at the output of sumrmng member 40 contains no more
irregular and big phase steps.
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Claims

1.

A method of transmitting and receiving a plurality of mdrvrdual tnbutary
signals in multiplex fonn vra a common line, mcludlng the steps

_ of.convertrng. at the transmlttrng end, the individual tributary srgnals,

each of which having a similar initial.fr_equency, into a cornpound signal |
having a frame structure with a common data rate, and retrieving, at the
receiving end, from the compound 'signal each individual tributary signal
.Wlth its initial frequency, charactenzed in that at the transmlttmg end, a
phase information signal portion including a reSpectlve phase difference
between each tnbutary signal and the compound signal is formed and
mserted into the compound srgnal in the shape of respectlve coded bltS

‘and, at the receiving end, the initial frequency of each tributary srgnal IS

recovered from the phase lnformatlon sugnal portion included in the
respective coded lblts ’belonglng to the respeotwe fributary slg_nals. y

2. The method of claim 1 wheréin the phase difference between tributary signal

“and compound signat is calculated by fonnmg the dlfference between a

- write address and a read address of an elastic store (14, 34).
. The method of claim 1 or 2 wherein a total phase is calcu,lated which has

three main portions:
a) stuffing information,
b) phase difference between write and read addresses at
the syncrhonizer, and
C) phasedifferencebetween write and read addresses at .
the deSynchronizer ' ' _
The method of any of claims 1 through 3 wherein an auxulrary clock (12,
32) is used when calculatlng the phase dlfference between the
compound signal and the tributary signal.
An apparatus for transmittind and receiving a plurality of individUal

. trlbutary srgnals in multlplex form via a common line (5), compnsmg
‘a transmltter which lncludes |
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a pluralgity'ofsynchronizers (6), each operating a respective individual
tributary signal (1 to 4) to get tributary signals (61, 62, 63, 64) having an
adapted rate, . " o
a multiplexer (7) to 'interleave said adapted ratetributary signals (61 to
64) within a compound signal (5), and a receiver' which includes a _
demultrplexer (27) to separate sard compound signal (5) into respectrve

o tributary srgnals (71 72, 73, 74) having an adapted rate and a pluralrty
of desynchronrzers (26) each operatlng a respectlve adapted rate
trrbutary signal (71 to 74) to get retneved trlbutary srgnals (21, 22, 23
' 24), characterlzed in that ' )
the transmlttermcludes means fOr calculating (19, 186, 17) the phase
difference between the compound srgnal (5) and each tnbutary signal (1,
2, 3, 4), means ( 17) for codlng the phase difference in bit form, and
means (18)for msertmg the bits codlng the phase dlfference into the
' compound signal (5), and the recerver includes means (39) for readmg
out the bits codlng the phase drfference from the compound slgnal (5),

- means (35, 36, 37, 31) for recovenng the frequency of the adapted rate

tnbutary srgnals and
means (40 41, 42) for adjustnng the phase of the retrleved trrbutary

- signals (21 to 24) ,
6. The apparatus of claim 5 wherein transmltter and receiver each include

‘an elastic store (14 34) whrch provrdes wnte-rn posmons (write address)
~and read-out posrtlons (read address) for writing in, at the transmitter, the
data brts of the respectrve tnbutary srgnals and reading out these data B
~ bits together with bit gaps as provided by the frame structure of the
compound srgnal and at the receiver, for wntrng in the compound signal
- received and reading out the data bits of the respective tributary srgnals
7. The apparatus of claim 6where|n the elastrc store (14, 34) includes a
- wnte counter (15; 35) and a read counter (16 36), the write counter (15;
35) being operated by a write clock (1Za 32a) derived from an auxiliary
clock (12; 32) and the read counter (16; 36) being operated by a read
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clock (12b , 32b) derived from a phase-locked loop (11; 31).
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