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(57) Claim 1. A method for performing justification at a
node of a synchronous digital telecommunication system,
such as an SDH or SONET system, in which the incoming
and outgoing signal have a frame structure that is
formed of a predetermined number of bytes of constant
length and comprises a pointer that indicates the pay-
load phase within the frame structure, said method com-
prising

- storing data temporarily in a buffer memory
(22) by writing data into said memory and thereafter
reading said data out »f said memory, said writing being
controlled by a write counter (23) supplying write
addresses, and said reading being controlled by a read
counter (24) supplying read addresses,

- making a justification decision in response
to the phase difference between a counter on the write
side of the buffer memory and a counter on the read side
of the buffer memory, and

- performing justification as a response to

said decision, characterized byusing as
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said counters
on the write side a separate control counter
(41) which is allowed to step primarily during each
clock cycle in which data is written into the memory,
and
on the read side a separate control counter
(42) which is allowed to step primarily during each
clock cycle in which data is read from the buffer
memory, and by
stopping each control counter (41,42) several
different times in a single row of the frame such that
it is stopped for the duration of N bytes in all, the

N bytes corresponding to the number of overhead bytes
in a single row of the frame.
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(57) Abstract

J p——ie e J
JUSTIFICATION REQUESTS

A method and device for making a justification decision at a node of a synchronous digital telecommunication system. According
to the invention data is stored in a buffer memory (22) and a justification decision is made in response to the phase difference between a
counter on the write side of the buffer memory and a counter on the read side of the buffer memory. To reduce jitter caused by justifications,
the methed according to the invention is characterized by using as said counters on the write side a separate control counter (41) which is
allowed to step primarily during cach clock cycle in which data is written into the memory, and on the read side a separate control counter
(42) which is allowed to step primarily during each clock cycle in which data is read from the buffer memory, and by stopping cach control
counter (41, 42) several different times in a single row of the frame such that it is stopped for the duration of N bytes in all, the N bytes
corresponding to the number of overhead bytes in a single row of the frame.
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Method and device for making a justification decision
at a node of a synchronous digital telecommunication
system

The invention relates to a method for making
a justification decision at a node of a synchronous
digital telecommunication system, such as an SDH or
SONET system, in which the incoming and outgoing signal
have a frame structure that is formed of a predetermined
number of bytes of constant length and comprises a
pointer that indicates the payload phase within the
frame structure. According to the method, data is stored
in a buffer memory and a justification decision is made
in response to the phase difference between a counter
on the write side of the buffer memory and a counter on
the read side of the buffer memory. The invention also
relates to a device for making a justification decision
at a node of a synchronous digital telecommunication
system. The device comprises a buffer memory for
temporary storing of data, write and read means for
writing data into the buffer memory and for reading data
from the buffer memory, said write and read means com-
prising write and read counters for generating write and
read addresses, and decision making means for making a
justification decision in response to the phase dirffer-
ence between a counter on the write side of the buffer
memory and a counter on the read side of the buffer
memory. Justification is performed in order to adjust
the frame transmission rate (rate of reading from the
buffer) to be identical to the frame reception rate
(vave of writing into the buffer).

The current digital transmission network is
plesiochronous, i.e. each 2 Mbit/s basic multiplex
system has a dedicated clock independent of any other
system. It is therefore impossible to locate a single
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2 Mbit/s signal in the bit stream of a higher-order
system; to extract the 2 Mbit/s signal, the higher-level
signal has to be demultiplexed through each intermediate
level down to the 2 Mbit/s level. For this reason, it
has been expensive to construct especially branch con-
nections requiring several multiplexers and demulti-
plexers. Another disadvantage of the plesiochronous
transmission network is that equipments of two different
manufacturers are usually not compatible.

The above drawbacks, among others, have led to
the introduction of the new synchronous digital hier-
archy SDH specified e.g. in CCITT Recommendations G.707
to G.709 and G.78l1 to G.784. The synchronous digital
hierarchy is based on STM-N transfer frames (Synchronous
Transport Modules) located on several levels of hier-
archy N (N=1,4,16...). Existing PCM systems, such as 2,
8 and 34 Mbit/s systems, are multiplexed into a syn-
chronous 155.520 Mbit/s frame of the lowest level of the
SDH hierarchy (N=1). Consistently with the above, this
frame is called the STM-1 frame. On the higher levels
of hierarchy the bit rates are multiples of the bit rate
of the lowest level. In principle, all nodes of the
synchronous transmission network are synchronized with
one clock. If some of the nodes should, however, lose
connection with the common clock, it would lead to
problems in the connections between the nodes. The phase
of the frame must also be easy to recognize in the
reception. Because of the above, SDH telecommunications
have brought into use a pointer, which is a number
indicating the phase of the payload within the frame,
i.e. the pointer indicates that particular byte in the
STM frame from which the payload begins.

Fig. 1 illustrates the structure of an STM-N
frame, and Fig. 2 illustrates a single STM-1 frame. The
STM-N frame comprises a matrix with 9 rows and N x 270
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columns such that there is one byte at the junction
point of each row and column. Rows 1 to 3 and 5 to 9 of
the first N x 9 columns comprise a section overhead SOH,
and row 4 comprises an AU pointer. The rest of the frame
structure is formed of a section having the length of
N x 261 columns and containing the payload section of
the STM-N frame.

Fig. 2 illustrates a single STM-1 frame, in
which one row is 270 bytes in length as described above.
The payload section comprises one or more administration
units AU. In the example shown in the figure, the pay-
load section consists of an administration unit AU-4,
into which a virtual container VC-4 is inserted.
(Alternatively, the STM-1 transfer frame may contain
three administration units AU-3, each containing a cor-
responding virtual container VC~3). The VC-4 in turn
consists of a path overhead POH located at the beginning
of each row and having the length of one byte (9 bytes
in all) and of a payload section in which there are
lower-level frames also comprising bytes that allow
interface justification to be performed in connection
with mapping when the rate of the information signal to
be mapped deviates from its nominal wvalue to some
extent.

Each byte in the administration unit AU-4 has
its own location number. The above-mentioned AU pointer
contains the location of the first byte of the virtual
container VC-4 in the AU-4. The pointers allow the
performance of positive or negative pointer justifica-
tions at different points in the SDH network. If a
virtual container having a certain clock frequency is
applied to a network node operating at a clock frequency
lower than the above-mentioned clock frequency of the
virtual container, the data buffer fills up. This calls
for negative justification: one byte is transferred from
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the received VC (three bytes if the container is a VC-4)
to the section overhead of the frame to be transmitted
and the pointer value is correspondingly decreased by
one. If the rate of the received VC is lower than the
clock rate of the node, the data buffer tends to empty.
This calls for positive justification: a stuff byte is
added to the VC to be transmitted (three bytes if the
container is a VC-4) and the pointer value is increment-
ed by one.

Fig. 3 shows how an STM-N frame can be formed
of existing bit streams. At the first stage, these bit
streams (1.5, 2, 6, 8, 34, 45 or 140 Mbit/s, shown on
the right in the figure) are packed into containers C
specified by CCITT. At the second stage, overhead bytes
containing control data are inserted into the con-
tainers, whereby the above-described virtual container
vC-il, VC-12, VvC-2, VC-3 or VC-4 is obtained (the first
suffix in the abbreviations represents the level of
hierarchy; the second, the bit rate). This virtual con-
tainer remains intact while it passes through the syn-
chronous network up to its point of delivery. The
virtual containers are further formed (depending on the
level of hierarchy) either into so-called tributary
units TU or into above-mentioned administration units
AU (AU-3 and AU-4) by providing them with pointers. An
administration unit AU can be mapped directly to an STM-
1l frame, whereas the tributary units TU have to be
assembled through tributary unit groups TUG and through
VC-3 and VC-4 units to form administration units AU,
which can then be mapped to the STM-1 frame. In Fig. 3,
the mapping is indicated by a thin continuous line; the
aligning, with a broken line; and the multiplexing, with
a thicker continuous line.

As can be seen from Fig. 3, the STM-1 frame may
be assembled in a number of alternative ways, and the
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contents of e.g. the highest-level virtual container
VC-4 may vary, depending on the level where and the way
how the assembly has been started. The STM-1 signal may
thus contain e.g. 3 tributary units TU-3 or 21 tributary
units TU-2 or 63 tributary units TU-12, or a combination
of some of these units. As the higher-level unit con-
tains several lower-level units, e.g. the VC-4 unit
contains tributary units TU-12 (there are 623 such units
in a single VC-4 unit, cf. Fig. 3), the lower-level
units are mapped to the higher-level frame by inter-
leaving such that from each lower-level unit are first
taken, consecutively, the first bytes, then the second
bytes, etc. The example of Fig. 2 shows that the VC-4
unit first contains, consecutively, the first bytes of
all the 63 tributary units TU-12, then the second bytes
of all the 63 tributary units TU-12, etc.

Since the above-described SDH frame structures
do not fall within the scCre of the actual inventive
idea, nor does the assembly of such frame structures,
they are not described in greater detail herein. The SDH
frame structures and the assembly of such structures
have been described e.g. in References [1l] and [2],
which are referred to for a more detailed description
(the references are listed at the end of the specifica-
tion).

At a node of a synchronous digital tele-
communication system justification decisions (and thus
Justifications also) must sometimes be made at short
intervals and sometimes not at all even though the
difference in frequency between the incoming and out-
going signal (frame) remains the same. This is due to
the fact that the overhead bytes of the STM-~1 frame are
all consecutively in a row in the frame (cf. Fig. 1).
This adds the (phase) jitter of the system.




WO 94/27386

10

15

20

25

30

PCT/FI94/00195

6

The object of the present invention is to solve
the above-described problem and to provide a method and
device for significantly reducing (phase) jitter caused
by overhead bytes. This is achieved with the method and
device according to the invention. The method acicording
to the invention is characterized by using as said
counters on the write side a separate control counter
which is allowed to step primarily during each clock
cycle in which data is written into the memory, and on
the read side a separate control counter which is
allowed to step primarily during each clock cycle in
which data is read from the buffer memory, and by
stopping each control counter several different times
in a single row of the frame such that it is stopped for
the duration of N bytes in all, the N bytes correspond-
ing to the number of overhead bytes in a single row of
the frame. The device according to the invention is
characterized by comprising on the write side a separate
control counter which is allowed to step primarily
during each clock cycle in which data is written into
the memory, and on the read side a separate control
counter which is allowed to step primarily during each
clock cycle in which data is read from the buffer
memory, and control means connected with the contrcl
counters for stopping said counters several times in
each row of the frame such that they are stopped for the
duration of N bytes in all, the N bytes corresponding
to the number of overhead bytes in a single row of the
frame, whereby the outputs of the control counters are
connected with a means which defines the phase differ-
ence of the control counters and which the decision
making means are responsive to for making a justifica-
tion decision on the basis of the phase difference of
the control counters.
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The basic idea of the invent °n is to convert
the l-row long sequence of the fr e structure with
relation to justification into a pl' '.lity of sequences,
whereby justifications occur more ..venly in respect of
time.

In the following the invention and its advant-
ageous embodiments will be described in greater detail
with reference to the examples according to accompanying
Figs. 4 and 5 in the attached drawings, wherein

Fig. 1 illustrates the basic structure of an
STM-N frame,

Fig. 2 illustrates the structure of a single
STM-1 frame,

Fig. 3 shows how an STM-N frame can be formed
of existing PCM systems,

Fig. 4 illustrates variations in thie fill rate
of an elastic buffer memory used at a node of a syn-
chronous digital telecommunication system, and

Fig. 5 shows a block diagram of parts of a node
in a synchronous digital telecommunication system, in
which a solution according to the inventicn is used for
making a justification decision.

By making the following two assumptions about
the operation of the elastic buffer memory used at a
node of the system, i.e. that

(a) by justifications, the rate at which the
VC-4 frame is read from the buffer is maintained the
same as the rate at which the frame is written into the
memory, and

(b) the sT™M-1 frame is received at a constant
rate and transmitted at a different constant rate,

it can be shown that the maximum and minimum
fill rate of the VC-4 buffer memory vary in a single row
of the STM-1 frame in the manner shown in Fig. 4. The
upper curve drawn by a continuous line in the figure
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illustrates the maximum £ill rate and the lower curve
drawn by a broken line illustrates the minimum £ill
rate. The steep curve sections A correspond to the time
period in which the section overheads SOH of the
incoming and outgoing frame coincide. The fill rate is
at its minimum at the beginning of the section overhead
and at its maximum at the end of the section overhead,
or vice versa. The shallow curve sections B correspond
to the time period in which the section overheads SOH
of the incoming and outgoing frame do not coincide at
all.
amplitude in the area where the sections B are one upon
another

The difference FD in the minimum and maximum

(no section overhead SOH in either of the
frames) corresponds to the length of the section over-
head (9 bytes).

In Fig. 4 the time period T, corresponds to the
period during which the incoming and outgoing frame
slide past each other (the number of incoming frames
exceeds the number of outgoing frames by one, or vice
versa).

On the basis of Fig. 1, there can be obtained
equations (1) and (2)

- Ay
(1) Ax,

Ax,

By the use of the above-described assumptions,
there can be obtained (not shown) equation (3)
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where C is the length of the sequence [bytes], S is the
proportion of the section overhead to the sequence C
[bytes], V is the proportion of thse wvirtual container
VC-4 to the sequence C [bytes], T is the length of a
5 clock cycle, and At is the difference between the clock
cycle of the write clock managing the writing into the
buffer memory and that of the read clock managing the
reading from the buffer memory.
The length Tp of the 'sliding period' can be
10 determined by equations (4) and (5) as follows

(4) Tp=n:+C(T+At) = (n+l) *C* T

- n-= c-r T
(5) A= T+a0-c -7 At

From equations (2), (3), (4) and (5) there can
be derived equation (6) for the maximum amplitude Ay of
the £ill rate of the buffer memory

———

(6) = Ay =k L SUTRE 50088 -
1

2

SV
c

15

In the invention the justification decisions
are generated independently, i.e. independently of
controlling the £ill rate of the buffer memory by actual
read and write counters and by a summer measuring their

20 phase difference. By this, the effect of the section
overhead on the control of the £ill rate of the buffer
memory and thereby on the occurrence (burstiness) of the
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justification decisions in respect of time can be
significantly reduced. The more even occurrence of
justifications in respect of time reduces the jitter of
the system.

These advantages are achieved by spreading the
effect of the nine SOH bytes in each row of the STM=-1
frame evenly over the entire row, instead of their
effect always showing as a single burst at the beginning
of each row of the frame (cf. Fig. 1). In the invention
a sequence that is nine SOH bytes and 261 VC-4 bytes in
length is converted (with respect to justification) into
nine different sequences, each of which has one SOH byte
and 29 VC-4 bytes. When the section overhead, in respect
of justification, is "fixed" (C=270) or "spread" (C=30),
the following maximum amplitudes Ay are obtained by
formula (6):

9+ 261
AYyyo = =50 = 8,7
) Ay., = 222 = 0,97
Y3o' 30 = ‘-

Fig. 5 shows a block diagram of parts of a node
in a synchronous digital telecommunication system, in
which a method according to the invention is used for
making justification decisions. An STM-1 signal is
supplied from a line Ll to a frame logic circuit 21 at
the input of the node. In this circuit 21 the frame
structure is disassembled and e.g. overhead bytes are
extracted therefrom. The core of the device is formed
by an elastic buffer memory 22, into which all the other
bytes of the STM-1 frame except the bytes of the section
overhead SOH are written. With the buffer memory 22 is
connected a write counter 23 for controlling the writing
into the buffer memory by supplying write addresses to
the input WA (Write Address) of the buffer memory and




WO 94/27386

10

15

20

25

30

35

PCT/FI94/00195

11

a read counter 24 for controlling the reading from the
buffer memory by supplying read addresses to the input
RA (Read Address) of the read counter. The frame logic
circuit 21 supplies to the write counter and elastic
buffer 22 a signal WR that enables stepping of a write
counter 23 and writing into the memory.

At the output side of the node there is a
second frame logic circuit 45 that controls assembling
of the outgoing STM-1 frame at the data output D of the
elastic buffer. The frame logic circuit 45 supplies to
a read counter 24 a signal RD that enables stepping of
the counter, and reading.

The outputs of the write and read counter are
connected not only with the elastic buffer memory but
also with a summer 25, which counts the difference
between the reading of the write counter and that of the
read counter, i.e. the phase difference, which indicates
the fill rate of the elastic buffer memory at a given
time. The write counter steps synchronously with the
clock signal CLKl1 of the input side, and the read
counter steps synchronously with the clock signal CLK2
of the output side. (Clock signals are supplied to clock
inputs C, Cl or C2 of different blocks in accordance
with the figure.)

The disassembly and assembly of the STM-1
frame, writing into the buffer memory and reading from
the buffer memory are perfcrmed in a manner known per
se, and thus they are not described in greater detail
herein.

In accordance with the invention, to the node
is added a counter 41 controlling the write side, a
counter 42 controlling the read side and a second summexr
43, to which the outputs of the counters 41 and 42 are
connected. The node also comprises a separate control
logic circuit 44, which controls the control counters
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41 and 42 and if necessary sends justification requests
to the frame logic circuit 45, which controls the form-~
ing of the outgoing frame. More particularly, the
requests are sent to the pointer generator (not shown)
of the frame logic circuit, which performs positive or
negative justification in a manner known per se. The
frame logic circuits 21 and 45 indicate the performed
positive justifications PJ and negative justifications
NJ to the control logic circuit 44 at the byte where the
justification is performed. In addition, the frame logic
circuits indicate every 30th clock cycle of every row
of the frame to the control logic circuit, e.g. the
clock cycles corresponding to bytes 29, 59, 89, 119,
149, 179, 209, 239 and 269 (cf. Fig. 5) in every row of
the frame. (These points are obtained by taking every
30th reading of the column counter.) In principle, these
points may be located anywhere in a row of the frame,
as long as they are not points of justification and as
long as their location is the same in every row of the
frame. The control logic circuit 44 allows the control
counters 41 and 42 of the write and read side to step
in every (write and read) clock cycle, except in said
every 30th clock cycle indicated by the frame logic
circuits 21 and 45. Thus, every row of the STM-1 frame
has 9 bytes in which the counters 41 and 42 do not step,
and in this advantageous embodiment these points are
divided at even intervals over the entire length of the
row. The control counters thus indicate the data trans-
mission rate on both sides, i.e. they indicate how much
data has been written into the buffer and how much data
has been read therefrom.

The summer 25 sends the control logic circuit
44 information about the minimum and maximum £ill rates
allowable. When the phase difference indicated by the
summer 42 to the control logic circuit grows too great,
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the control logic circuit sends a justification request
through the output J to the frame logic circuit 45. The
frame logic circuit performs justification in a manner
known per se, i.e. by filling the H3 bytes of the
pointer with payload information and by correspondingly
decsnasing the pointer value by one (negative justifica-
tion), or by filling three bytes that follow the HS3
bytes with insignificant information (stuffing) and by
correspondingly incrementing the pointer value by one
(posifive justification). The control logic circuit
(which receives information about the performed justi-
fications in the above manner) takes the justifications
into account by allowing the counter (41 or 42) control-~
ling the side where justification is performed (can be
performed on either side) to step by double steps during
said H3 bytes (negative justification) or by preventing
the counter controlling the side where justification is
performed from stepping during the three bytes following
said H3 bytes (positive justification).

As the device is switched on, initial centring
is usually performed to create a situation according to
Fig. 4. Centring is performed as the f£fill rate of the
elastic buffer memory exceeds the allowed maximum or
falls below the allowed minimum. When such a minimum or
maximum alarm is received from the buffer memory, the
control logic circuit stops the control counter 42 of
the read side or makes it step at double steps until the
phase difference between the control counters reaches
the limit (upper or lower limit) in which corresponding
justification (positive or negative) eliminates the
buffer memory alarm.

Even though the invention has been described
above with reference to the examples according to the
accompanying drawings, it is to be understood that the
invention is ot limited by them but may be modified
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within the inventive idea presented above and in the
attached claims. Thus, although above there was
described an embodiment in which both the incoming and
outgoing signal are STM-1 signals, the signals may also
be of some other level, whereby the number of times that
the control counters are stopped varies uaccordingly,
e.g. during a single row of an 5%T™i-4 frame the control
counters are stopped for the duration of 36 bytes in
all. In principle, the control counters need not be
necessarily stopped at entirely even intervals, and also
not for the duration of a single byte at a time, but by
the above-described embodiment (stopping at even inter-
vals) the best final result (smallest jitter) is
obtained.

References:
[1] CCITT Blue Book, Recommendation G.709: "Syachronous

Multiplexing Structure", May 1990
[2] SDH - Ny digital hierarki, TELE 2/90
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Claims

1. A method for performing justification at a
node of a synchronous digital telecommunication system,
such as an SDH or SONET system, in which the incoming
and outgoing signal have a frame structure that is
formed of a predetermined number of bytes of constant
length and comprises a pointer that indicates the pay-
load phase within the frame structure, said method com-
prising

- storing data temporarily in a buffer memory
(22) by writing data into said memory and thereafter
reading said data out of said memory, said writing being
controlled by a write counter (23) supplying write
addresses, and said reading being controlled by a read
counter (24) supplying read addresses,

- making a justification decision in response
to the phase difference between a counter on the write
side of the buffer memory and a counter on the read side
of the buffer memory, and

- performing justification as a response to
said decision, characterized byusing as
said counters

on the write side a separate control counter
(41) which is allowed to step primarily during each
clock cycle in which data is written into the memoxy,
and

on the read side a separate control counter
(42) which is allowed to step primarily during each
clock cycle in which data is read from the buffer
memory, and by

stopping each control counter (41,42) several
different times in a single row of the frame such that
it is stopped for the duration of N bytes in all, the

AMENDED SHEET
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N bytes corresponding to the number of overhead bytes
in a single row of the frame.

2. The method according to claim 1, ¢ h a r -
acterized in that in a single row of the frame
the control counters (41,42) are stopped essentially at
equal time intervals at N bytes in all.

3. A device for performing justification at a
node of a synchronous digital telecommunication system,
such as an SDH or SONET system, in which the incoming
and outgoing signal have a frame structure that is
formed of a predetermined number of bytes of constant
length 2nd comprises a pointer that indicates the pay-
load phase within the frame structure, the device com-
prising

- a buffer memory (22) for temporary storing
of data,

- write and read means (21, 23; 45, 24) for
writing data into the buffer memcry (22) and for reading
data from the buffer memory (22), said write and read
means comprising write and read counters (23, 24) for
generating write and read addresses, and

- decision making means (44) for making a
justification decision in response to the phase differ-
ence between a counter on the write side of the buffer
memory and a counter on the read side of the buffer
memory, and

- means (45) for performing justification, said
means being responsive to saild decision making means,

characterized by further
comprising

on the write side a separate control counter
(41) which is allowed to step primarily during each
clock cycle in which data is written into the memory,
and

AMENDED SHETT




10

15

Tha sdobinn, e Ve
T Ibemanentn o il

LT/ Fl 94700198
17 21 -08- 1995

on the read side a separate control counter
(42) which is allowed to step primarily during each
clock cycle in which data is read from the buffer
memory, and

control means (21, 45, 44) connected with the
control counters for stopping said counters several
times in each row of the frame such that they are
stopped for the duration of N bytes in all, the N bytes
corresponding to the number of overhead bytes in a
single row of the frame,

whereby the outputs of the control counters
(41, 42) are connected with a means (43) which defines
the phase difference of the control counters and which
the decision making means (44) are responsive to for
making a justification decision on the basis of the
phase difference of the control counters.

SRIDIT Dot
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