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ABSTRACT

In this paper, parallel scrambling techniques are considered for practical use in the SDH trans-
mission and the ATM transmission. In the ATM transmission, there are two ways of transmitting
ATM cells — the SDH-based and the cell-based — and the corresponding scrambling techniques dif-
fer accordingly. For the SDH transmission and the SDH-based ATM transmission, the FSS{frame
synchronous scrambling) is applied to the STM frames : while for the cell-based ATM trans-
mission, the DSS(distributed sample scrambling) is used on the ATM cell stream. The parallel
scrambling techniques are examined for the FSS and the DSS, and applied to achieve the parallel
FSSs for use in the SDH and the SDH-based ATM transmission along with the parallel DSS appli-
cable to the cell-based ATM transmission. The resulting(8,4) PSRG(parallel shift register gener-
ator) and (8,16) PSRG based parallel scramblings are directly applicable for the STM-1 rate
processing of the STM-4 and STM-16 scramblings, respectively. Likewise, the resulting (1,8)
PSRG and double-sampling-double-correction based parallel scrambling techniques can be practi-
cally used for a low-rate processing of the SDH-based and the cell-based ATM signal scrambling re-

spectively.

I. Introduction

In today’s lightwave transmission, information
data can be transmitted via two typical transmis-
sion systems : One is the SDH(Synchronous Digital
Hierarchy) transmission system and the other is the

AT M(Asynchronous Transfer Mode) transmission svs-
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tem, both of which have been standardized by
CCITT [11[(2]. In the SDH system[1], informat-
ion data are synchronously mapped into STM
(Synchronous Transport Module) frames, which
are scrambled by the FSS(Frame Synchronous Scr-
ambling) before transmission. The transmission ra-
tes of the signals STM-1, STM-4 and STM-16 are
respectively 155.520 Mbps, 622.080(=4X%155.520)
Mbps and 2488.320(=16x155.520) Mbps.

In the ATM system[2], information data are
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asynchronously mapped into ATM cells, which
can be transmitted via two ways of transmission,
the SDH-based transmission and the cell-based trans-
mission. For the SDH-based ATM transmission,
ATM cell stream is self-synchronously scrambled,
and then mapped into the STM frame STM-1 or
STM-4. The STM frames are also scrambled by
the same FSS used for the SDH transmission sys-
tem. On the other hand, for the cell-based ATM
transmission, ATM cell stream is scrambled by
the DSS(Distributed Sample Scrambling ), and then di-
rectly transmitted. The transmission rates of the
cell-based transmission can also be 155.520 Mbps
or 622.080 Mbps like the SDH-based case.

The scrambling techniques, FSS and DSS, are
similar in that they scramble and descramble the
transmission signals by adding SRG (shift register
generator) sequences to the raw data streams,
But the two are different in the method of syn-
chronizing the state of the descrambler SRG to
that of the scrambler SRG. In the FSS[3], the
scrambler and the descrambler SRGs are synch-
ronized by resetting the states of both SRGs to a
prespecified state at the start of each frame:
while in the DSS [2][4](5], some samples taken
from the scrambler SRG state are transmitted to
the descrambler SRG, which are used for correc-
tion of the descrambler SRG state. For the DSS,
the sampling conditions of the scrambler SRG st-
ate and the correction conditions of the descram-
bler SRG state are reported in [4] through [7].

Since scrambling is a bit-level signal processing
performed immediately before transmission, the
scrambling rates are identical to the correspond-
ing transmission rates. That is, the scrambling
rate is 155,520 Mbps, 622.080 Mbps, or 2488.320
Mbps for the SDH transmission, and 155.520
Mbps or 622.080 Mbps for the ATM transmission.
Therefore these high transmission rates impose
techological burdens on the implementations of
scrambling. Moreover, in the case where the

transmission rates extend much higher, scram-
bling at such high transmission rates may be im-
possible due to the limits of existing technology.

To combat this scrambling rate problem, the
concept of parallel scrambling has been introduced,
which enabled us to perform the scrambling pro-
cess at the low-speed base-rate [8]. As opposed
to this, the conventional transmission-rate scram-
bling process is called serial scrambling. Under the
parallel scrambing, a set of scrambling process is
performed at the base rate, collectively achieving
the effect of the serial scrambling at the trans-
mission rate.!

In the case of the FSS, parallel scrambling te-
chniques for the bit-interleaved multiplexing en-
vironment can be found in [8]. Recently a theory
on PSRG(parallel shift register genevators) has been de-
veloped [10](111(12], which makes parallel FSSs
extensible for multibit-interleaved multiplexing
environments. On the other hand, in case of the
DSS, the double sampling and the double corrvection
conditions has been developed for parallel realiz-
ations of DSSs [13].

In this paper, we will show how to apply the
parallel scrambling techniques for practical use in
the SDH and ATM transmission systems of to-
day's optical networks and BISDN(Broadband In-
tegrated Services Digital Network). In Section II
we will first review the PSRG theory for parallel
FSSs, and in Section [ we will review the double
sampling and correction conditions for parallel
DSSs. Using these parallel scrambling techniqu-
es, we will then consider the parallel FSS for use
in the SDH transmission system in Section IV.
Finally, in Section V we will examine the parallel
FSS and the parallel DSS respectively for applic-
ations to the SDH-based and cell-based ATM tr-
ansmission systems,

1. The parallel scrambling techniques can also be combined with the permuting techniques to be applied for signal

alignments in rolling-based lightwave transmission [9],
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[I. Farallel Scrambling Techniques for FSS?

Shift register generators(SRG) can be classi-
fied into two categories : SSRG(Simple SRG) and
MSRG (Modular SRG). An SSRG is determin~~

by its characteristic polynomial

Clx)=Y cix, (1a)

and an MSRG is determined by its generating poly-

nomzial

Glx)=Y g, (1b)

=0

where the SRG length L is the number of shift
registers, and the coefficients ¢; and g; are either
Qor 1 fori=1, 2, -+, L—1, and are both 1 for i =
Oand L.

Fig.1 shows configurations of the SSRG and
the MSRG characterized by equations (la) and
(1b) respectively. In the figure, each rectangular
block indicates a shift register : the value 4, or
d¢ . inside the block represents the kth state val-
ue of the shift register :and the sequences {#, k
=0, 1, -} and {sx, k=0, 1, -} are called the

SSRG and MSRG sequences respectively,

The kth state polynomials D(x) and Df(x) are the
polynomials representing the shift register states
at time k for the SSRG and the MSRG respect-
ively, that is,

Di(x) ='_y;’ i, ¥, (2a)

-1

Dix)=Y df.x. (2b)

=0

The Oth state polynomials D(x) and D4(x) are cal-
led the initial state polvnomials of the SSRG and the
MSRG sequences respectively, Then, an SSRG se-
quence {t} is completely determined by its ch-
aracteristic polynomial C(x) and its initial state
polynomial D{(x) :and an MSRG sequence {5} is
completely determined by its generating poly-
nomial G{x) and its initial state polynomial D} (x).
Therefore, an SSRG sequence {¢} is denoted as
Sesin LClx), Di(x) ] and an MSRG sequence {5, is
denoted as Sy, [G(x), DE(x)],

For the SSRG sequence S, [C(x), Di{x)] and
the MSRG sequence Susp.[G(x), Di(x)], if C(x),
Di(x), G{x) and D&(x) satisfy the relations

Clx)=x"G(x™1), (3a)

[ e D ra

%

I RV

1 ) b

)
-

)
-
©

c
dl.—!.k

T

. <_

ey [/

|
R

9i-s % 9

S A

(b)

rig. 1. Shift register sequence generator.
(a)SSRG, (b)MSRG.

2. For a more detailed description on this, refer to [10].[11] and [12].
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Do(x) =Q[G(x), x* D§(x)], (3b)

then the two sequences are identical to each
other.34
For a given sequence {si}, an (M, N) PSRG(Paral-

lel Shift Reigister Generator) is an SRG which gener-
ates N parallel sequences T;, i =0, 1, -, N—1, me-
eting the relations

To={s0, =, Sm-1:Smun, =, SMNv+1-15 "},

Tr={sm, . Sar-1 Sun+1, =, Smv+2r-15 3, (4)

Tn-1={Sun-1), ", Sun—1: Smian—1), ***, Saun—1 3+ §.

In other words, an (M, N) PSRG for a sequence
generates N parallel sequences such that the M-
bit interleaved sequence, which is obtained by in-
terleaving them by M sequence elements(or M
bits), is identical to the original sequence. Fig.2
describes an (M, N) PSRG for a sequence {si}.

Parallel
_.._ Sequences
Lon
: N
oLy o e [ ESE
PSRG S Interleaver
: Tt

Fig. 2. An {M,N) PSRG for a sequence {s;}.

The (M, N) PSRG sequences 7;’s in {(4) can be
obtained by the decimation and interleaving of
sequences, More specifically, we first MN-deci-
mate the sequence {s,} to obtain the MN-decim-
ated sequences of

Vo=/{sy, Smn, Szun, -},

Vi={s1, Sun+1, Soun+1, =},

Van-1={Sun-1, Somn~1, Samun-1, =},

then interleave each adjacent M of the MN-de-
cimated sequences Vs, Then, we obtain the (M,
N) PSRG sequences Ty's in (4),

If a sequence S has the minimal MSRG expres-
sion Sysge [ G(x), D§(x)] whose generating poly-
nomial G(x) is primitive of degree L and its pe-
riod P is relatively prime to MN,® the Oth MN-
decimated sequence V, has the minimal MSRG
expression

Vo= Sys; [G{x), bﬁ(x)], (5)

where 5(x) is the primitive polynomial of degree
L such that G(x) divides ** 7! +1 and G(x) di-
vides G(x**), and the coefficient of ¥’ in D%(x) is
the coefficient of x¥N=1+/ in D&(x) GLx™) /G (x)
:and the Oth PSRG sequence T, has the minimal
MSRG expression

To=Susrs [ G(x), D§(x)], (6)

_ _ M=) =
where G(x)=G(x") and D§(x) =Y xV"17/ Dim(x")
1=0

for the smallest integer m meeting mMN =1 mod
ulo P.%

For the minimal SSRG and MSRG for the Oth
PSRG sequence Ty, the sequences generated by
the (ML—1-1i)th shift register of the SSRG and
MSRG are denoted as ,‘L’,- and W;, =0, 1, -,
ML—1, respectively, that is,

3. The notation Q{G(x), x" Df(x)] denotes the quotient polynomial of x" D¥(x) divided by G(x),
4. In this paper, summations and multiplications are all based on modulo-2 operations except for those in subscripts

and superscripts,

5. The minimal MSRG for a sequence § is the smallest-lengthed MSRG whose MSRG sequence is identical to the

sequence S,

6. Note that the jm the state polynomial D%,(x) can be obtained by taking the remainder polynomial of x/ i)f’,(x)

divided by G (x). Refer to [9] and [10].
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Uiz{dfu‘—l—,"k}, (73)
Wl'_:{d;‘;[l.'l*!,k}~ _ (7b)

Then, the ith PSRG sequence T;, :=0, 1, -,
N-—1, can be represented by

-1 o
7= ZO a;- Uju, (8a)

i=

-1
T,:Z ﬂ;‘WjA\l, (Sb)

where ) and 8, 1=0, 1, =+, N=1, 7=0, 1, -,
L—1, are such tnat’?

RIG(x), x""”"]=/zl a xl, (9a)

7 =0

- [T tr
LG, x' Y ax’]=} B (9b)

III. Parallel Scrambling Techniques for DSS8

Since the scrambling and descrambling operat-
ions of the FSS are identical to those of the DSS,
the parallel FSS techniques described in the pre-
vious section can also be applied to obtaining the
PSRGs for the parallel DSS. But differently from
the FSS, in the DSS the sampling of the scram-
bler SRG state and the correction of the descra-
mbler SRG are needed for the synchronization of
the scrambier and descrambler SRGs. Therefore,
for the parallel DSS the sampling and correction
circuits should be modified appropriately.

For this, we consider the double sampling and the
double correction for the parallel DSS. The double
sampling means that two samples are taken from
the scrambler and the descrambler PSRG states
at each sampling time, and the double correction

means that two corrections of the descrambler
PSRG state occur at each correction time. Note
that in the case of length-L PSRGs J sets double
sampling suffice to take all necessary PSRG sam-
ples, where J is L/2 when L is even and is (L+1)
/2 when L is odd.

For a PSRG, the PSRG length L is the number
of shift registers in the PSRG :the state vector di
(or dy in case the PSRG belongs to the descra-
mbler) an L-vector representing the state of the
shift registers in the PSRG at time k, that is,

de=[dyx di o di-1x]

(or ak = [li(),k a;uc Cl:/,—l.k]') : (10)

and the state transition matrix T an [ X I. matrix re-
presenting the relation between the state vectors

d, and di-,, or more specifically,
dk:T'dk—1 (01’ &k:T-ak-l). (11)

For the sampling process, the ith sampling time
is denoted as »+ia, 1=0, 1, -+, J—1, where r is
a reference time and a is called sampling interval.
and the sampling vectors for the two samples taken
from the PRSG at each sampling time are denot-
ed as vy and v, respectively.® Then, the two sam-
ples taken from the scrambler PSRG at the ith
sampling time »+ fa become v d,+i, and v, - d, +ia
(or vi-d,+. and v!|-d,+i for the descrambler
PSRG). For the correction process, the ith correc-
tion time is denoted as ¥ +ia+8,1=0, 1, -+, J—1,
where B{0<B<a) is called a correction delav, and
the correction vectors for the two samples are de-
noted as by ¢g and ¢, respectively.!® Then, the amo-
unt (vh-d, i+ Vi drvin) 00 F (Vi dyriatvi- d,+ia)
¢; is added to the descrambler PSRG state vector

7 The notation R[G (x), ¥¥™] denotes the remainder polynomial of ¥ divided by Gix),

8. For a more detailed description on this, refer to [13].

9. The sampling vector for a sample is a vector representing the relation between the sampled value and the SRG
state vector. A more detailed description on the sampling vector can be found in [6] or [7].

10. The correction vector for a sample is a vetor representing the positions of the shift registers in the descrambler
SRG whose states are corrected. A more detailed description on the sampling vector can be found in [4] or [5].
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ay+ia+p at the ith correction time » +ia+8 for
the correction of the descrambler PSRG state,
Fig.3 shows the sampling and correction diagram
of the scrambler and descrambler PSRGs.

For a scrambler and descrambler PSRG pair, the
state error vector 8k 1s an L-vector representing differe-
nce between the scrambler PSRG state vector d
and the descrambler PSRG state vector ak, that is,
b = dy + di. (12)
Then the relation between the finally corrected
state distance vector §,+y-1.+s and the initial
state distance vector 4, becomes

5r+(]—1)a+ﬂ=/\'5r, (13)

where A is an LX L correction matrix which has the

expression

A= (T+co-vy TP+ cp-vy- T 8) !
(T +co-vy+ep-vi). (14)

Therefore, in order to achieve the synchronizat-
ion the final state distance vector 8,+(-1)a+s Sh-

ould be a zero vector regardless of the initial state
distance vector J,, which can be done by making
the correction A a zero matrix.

According to the double sampling condition, in or-
der to make the correction matrix A in (14) a ze-
ro matrix for an appropriate 8, ¢ and ¢;, the sam-
pling interval « and the sampling vectors v, and
vi should be chosen such that the discrimination
matrix A defined by

Vo
v
1
A= e (15)
V(') . T(J-l)a
vtl . T(_I_l)nr

is of rank L. Note that the discrimination matrix
A in (15) is a 2/ XL matrix, that is, LXL for an
even L and (L +1) XL for an odd L.

The double correction condition shows how to
choose a correction delay # and the correction
vectors ¢y and ¢; making the correction matrix A
a zero matrix, assuming that «, vo and v, satisfies
the double sampling condition. According to the
correction condition, for an even L the correction

sampling time r r+a re(J-1)a
(scrambler PSRG) ) e
samples ve-d, Y dpya Yo by (-1)a
V: d.- v:'dm l'dn(.l-l)a
sampling time r r+Q r+(J-1)a
(descrambler PSRG) i T —-————;—
samples "‘r‘} ":'am v, § r+(J-1)a
v-d, Vi e Vi dp(s-1)a
correction (- d 49, 3: (V- dpyaty; - al‘*“)c' (Vo dmgs-nyatvi aH-(-’-!)a)co
+(vi-d, d, +v;- dv) +(V:‘dna*v:'dwa)c: +(V:'dv~+(.l-l)a+v: 'dN(J-I)a)c,
(descrambler PSRG) ‘ ‘ ---------- {
correction time r+B r+a+f r+(J-1)a+f8

Fig. 3. The double sampling and double correction of
the scrambler and descrambler PSRGs.
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vectors ¢, and ¢; should have, for an arbitrary
correction delay 8, the expression

Co=TV Dt . A log, _y,
¢ =TV Dett. A0y, (16)
where the L-vector e;, {=0, 1, -+, L—1, is the ba-
sis vector whose ith element is 1 and the others
are 0.

For the case of an odd L, since the discriminat-
ion matrix A in (15) becomes an (L+1)X L ma-
trix, the discrimination matrix A can be modified
into the following two LX L matrices Ay and A; :

v 1
v-T<
Ap = , (17a)
V(', . TY-Da
L V{ . TU-Da
L
v;-T*
A= (17b)
Vi . TY-Da
| vi-Tu-ve ]

Then, at least one of the two matrices Aj or A, is
nonsingular, in case the rank of the discrimi-
nation matrix A in (15) is L. If Ay is nonsingular,
the correction vector ¢, and ¢; should have, for an

arbitrary correction delay 8, the expressions

CO:T(j—liaHJ_ABl.e[f:’+u(vf‘).Aal.el_‘Q)T(]ﬂ)nﬁ-ﬂ.ABl.eo’
=TV Vetb. Arley_ +ulvy-Ay' e - )TV V4 ALy,
_ (18)

where u 1s either O or 1.

IV. Parallel Scrambling for SDH Transmission

In this section, we consider paralle] scramblers
applicable to the SDH transmission systems em-
ploying the parallel scrambling techniques in the
previous sections,

In the SDH transmission system, N of AUG{ad-
ministrative unit group) signals are bvie-interleaved
in the unit of eight bits to form an STM-N pay-
load, and SOH (section overhead) data are added
to it to complete an STM-V signal. The frame
format for this is shown in Fig.4. The STM-\

b~ 9N Bytes +fe——-— - — 261N Byles —— —-— -~

STM-N Payload
{N of AUGs are byte-interleaved)

»

I~ T 8or ) |
|

|

SOH |
1

© O NBG AN

|
e 125,500

Fig. 4. Frame format for the STM-N signals.

Scrambler
AUG 0 —>| STM-N S N
AUG 1 —> ]nt:}r};:ﬁwed Payload SOH STM-N transmission
e Multiplexer Insertion signal
AUGN-1
(a)
Descrambler|
S STM-N AUG o
STM-N Payload Byte
B SOH 1 Y Interleaved AUG 1
Remova Demultiplexer e
AUG N-1
(b)

Fig. 5. Blockdiagram of the SDH systems.
(a)Transmitter, (b)receiver.
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signal is scrambled, and then transmitted. The
first 9N bytes of the frame(the shaded bytes in
Fig.4) are excluded from the scrambling. In the
receiver, the reverse operation of the transmitter
is processed. The overall processing is depicted in
Fig.5. The scrambler and descrambler are sup-
posed to have the characteristic polynomial x”-+x%
+1 and to be reset to the state “1111111" at the
beginning of each frame, This corresponds to the
SSRG in Fig.6a with C(x) =x"+x%+1 and Dj(x)
=x5+x°+x*+x3+x2+x +1, which is equivalent,
by (3a) and (3b), to the MSRG of Fig.6b with G
(x)=2"+x+1 and Di(x) =25 +25+x'+ ¥ +x2+
x. In the figures, the numbers inside the shift re-
gisters represent the initial states. Since the first
9N bytes of the STM-N signal is excluded from
the scrambling process, the scrambler and descr-
ambler SSRGs(or MSRGs) resume the initial st-
ate Dg(x)(or D&(x)) at the (9N+1)th byte of ev-
ery frame.

The SSRGs(or MSRGs) we employ for the scr-
ambler and descrambler of the SDH system oper-
ate at the speed of the STM-N signal rate, which
is 155.520 Mbps for N=1, 622.080 Mbps for N'= 4,
and 2.488320 Gbps for N=16. If we employ PSRGs

(8,N) PSRG

instead of the SSRG(or MSRG) for the cases N
=4 or 16, then the operating speed could drop
from the STM-N rate to the STM-1 rate. This
implies that the 622,080 Mbps or 2.488320 Gbps
rate scrambling operation could be done at the
155.520 Mbps rate.

P

1
S DR e 1
(a)

Fig. 6. The SRGs employed in the SDH systems,
(a)SSRG configuration, (b)MSRG configuration,

The SDH transmission system, when employing
the parallel scrambling, is rearranged as shown in
Fig.7. We observe from the figure that parallel
scrambling is now performed prior to byte-interle-
aved multiplexer, The SOH insertion process sh-
ould be modified accordingly. For the paralle! scr-

RVIREY '
AUG 0 —>
AUG 1 SOH o Byte transmission
Insertion N )* u"'l‘t'flel“ed signal
: ultiplexer
AUG N—1 (modified) 0. 1 P
(=)
f (8,N) PSRG
o |Tr - | By
Byte 4 SOH > AUG 0
——)D lnte{:galved N Removal AUG 1
emultiplexer ifi
P S (modified) AUG N-1
(b)

Fig. 7. Blockdiagram of the SDH systems employing

byte-parallel scrambler.

(a) Transmitter, (b)receiver,
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ambling we adopt an (8, N) PSRG since byte-in-

terleaving is an 8-bit based operation. Note that
what we should achieve in employing the parallel
scrambling is to keep the transmission signal un-
changed.

In the case of parallel scrambling of STM-4 sig-
nal, we need an (8,4) PSRG for the MSRG sequ-
ence Sysrcl ¥ +x+1, B+ x5+ + 3+ x*+x] of

Fig.6b, whose generating polynomial G{(x) =x"+x
© +1 is primitive and its period P=127 is relatively
prime to MN = 32. By (5), the Oth 32-decimated se-
quence has the minimal MSRG expression

V()ZSA\ISR(,[X7+I+1, ﬁ+x5+x“+x2+x+l] |

and by (6), the 0th PSRG sequence has the mini-
mal MSRG expression

To= Suswe [ 294274 1, 2%+ 6%+ 25+ 12 4 27 +
3 208 7 a5 2 B
x-’ﬂ +x27 +x26 +x24 +x23 +x22 +x21 + xZU _+_ xl‘! +
¥ttt 2+ x], (19a)

which can be, by (3a) and (3b), represented by the
minimal SSRG expression

&

To= Sssral #9+2# + 1, 2%+ x5+ 25 4 22 4 351 +
2504319 47 36 85 -2 4 45 - 235 |- 1 -
291 27 52 ¥ 2 12 2 22 194
218 15+ M gl x5 x4 23], (19b)

On the other hand, by (8a) and (9a), the PSRG se-
quences can be decomposed as

To=U,,
Ty=Us+U;s=Us,
To=Ug+Ux, (20a)

Ty=Ug+Uyu+ Uys,
and also by (8b) and (9b),

To=Wy,
=W+ Wi=Wg,
Ty=Wy+Wsy, (20b)

’]‘3 == H"(, + I/Vg + VV24 + ”«'43 .

Therefore, noting that U;, 1 =0, 1, -+, ML—1, is the
(ML—1—1)th shift register output sequence of
the mimimal SSRG for T, we can depict, by (19b)
and (20a), the SSRG-based (8,4) PSRG as shown
in Fig.8a, and in a similar manner we can obtain,
by (19a) and (20b), the MSRG-based (8,4) PSRG
of Fig.8b.

UG-

T ATATTORO—f 11 ORI~ ROYQHO 11 00—

+

LD]D'[’lﬁﬂlﬂikﬂﬂﬁﬂdﬂd@%lW’Mﬁiﬁ

L

D"

)

T T,

(b)

Ny
o34

Fig. 8. An example of (8,4) PSRGs for parallel scram-
bling of the SDH signal STM-4.
(a)SSRG configuration, (b)MSRG configuration,
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In the case of STM-16 signal, (8,16) PSRG con-
figurations can be obtained in a similar manner to
the case of the (8.4) PSRGs.

V. Parallel Scrambling for ATM Transmission

In this section, we consider parallel scramblers
applicable to the ATM transmission systems, In
the ATM transmission, there are two ways of tr-
ansmitting ATM cells-the SDH-based and the cell-
based transmissions. For the SDH-based transmis-
sion the FSS is applied to the STM frame, while
for the cell-based transmission the DSS is used on
the ATM cell stream,

In the SDH-based ATM transmission, ATM cells
are mapped into the STM-1 or STM-4 signal, who-
se frame format is already shown in Fig.4, and
then the STM signal is frame-synchronously scr-
ambled using the SRG of Fig.6 in the same way
as the SDH transmission described in Section IV,
However, differently from the case of the SDH
transmission, in the SDH-based ATM transmis-
sion there does not exist any multiplexing pro-
cess. Therefore, in order to consider a parallel scr-
ambling, we take the STM-1, or STM-4 signal as
the M-bit multiplexed signal of the N lower-rate
signals, Among various choices of M and N, we
choose 1 for M and 8 for N, since it also matches
the byte-level parallel processing, With this cho-
ice, we can expect the scrambling rates of 19.44
Mbps(=155.520/8) for the STM-1 signal and of
77.76 Mbps(=622.080/8) for STM-4 signal,

For this parallel scrambling, we need (1,8)
PSRGs since M and N are 1 and 8 respectively,
which can be obtained in the same manner as il-
lustrated in Section IV. The resulting PSRGs are
shown in Fig.9a and 9b.

In the cell-based ATM transmission, ATM cell
stream is directly scrambled using the DSS which
employs the SRG of the characteristic polynomial
C(x)=x+x*+1, as shown in Fig.10. The two
uniformly distributed samples s;-2; and s;+, of the
SRG sequence {s.} are taken and conveyed over

) 5 | ;
e
1] I b

ToT7 T, ‘ s T, Te Ts

(b)

Fig. 8. An example of (1,8) PSRGs for parallel scram-
bling of the SDH-based ATM signals STM-1
and STM 4.
(a)SSRG configuration,
(b)MSRG configuration,

two contiguous bit slots in the HEC(Header Er-
ror Control) field of ATM cell as shown in Fig.11.
The ATM cell size is 53 bytes (or 424 bits) and
the transmission rate of ATM cell stream is 155,
520 Mbps or 622.080 Mbps, which is the same as
the SDH-based ATM transmission rate.

| lJlTI N O OO D Y =

4
1%} : SRG sequence

Fig. 10. The SRG employed for the DSS of the cell-
based ATM transmission.
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Header Payload
! f
5 Bytes , 48 bytes !
I
J
HEC, | HEC, -
e | &, | MEC, | WEC, | HEC, | HEC, | HEC, | HEC, |
(tin) (4)

Fig. 11. Data structure for the DSS sample conveyance
within ATM cell.

For the parallel scrambling of the ATM cell
stream, we also take it as the (1-)bit interleaved
multiplexed signal of the 8 lower-rate signals in the
same way as the SDH-based ATM transmission,
Then, we can also expect the scrambling rates of
19.44 Mbps and 77.76 Mbps for the two cell-based
ATM transmission as in the case of the SDH-
based ATM transmission,

Since the scrambling operation of the DSS is no
different from that of the FSS, we can obtain an
(1,8) PSRG in the same way as shown in Section
IV. The resulting SSRG-based PSRG can be depi-
cted in Fig.12. In this case, the length L is 31, and
the state transition matrix T is

Noting that the bit-interleaved sequence of the
eight parallel sequences {#/}, 7 =0, 1, -, 7, is
identical to the serial SRG sequence {s}, we can
find that the samples s,-,; and s,+, of the scram-
bler SRG in the serial DSS correspond respect-
ively to the samples £;_,, and ¢, of the scrambler
PSRG in the parallel DSS. Therefore, the sam-
pling vectors v, and v, become

vo=1[01000010000000000000100000000007,
(22a)

vi=[0010100000000000100000000000000]".
(22b)

However the samples ¢7_,, and ¢} are 27 (or 26)
slots apart in parallel implementation, thus mak-
ing it impossible to apply the double sampling
scheme described in Section I, So it is required
to shift the sampling time of ¢!_,. to that of ¢ for
the application of the double sampling scheme,!!
By (11) we have the relation ¢;_,.=v,-d,_y = (v}
T “)-d;,, and hence the sampling vector v, for
the sample ¢;_,, at the shifted sampling time ¢ be-
comes

GOZ(T‘ZT)"V(). (23)

1, 7=i+1,7=0, 1, -, 29, Now that double sampling is possible, we have
T=1[t;,]uxs, ti;= 1 L, F=00r 3, i=30, a=53(=424/8). Since L=31, we have ] =16. Ap-
0, otherwtse. (21) plying these numbers along with (21), (23) and
LT H
IHTJ]II[HIIITJlIIIII]IIIIHIHH
] 1 3
I
[
}
S
-
L.! ] [
| | | | |
L4 S L4 B 4 B 4 B 14 B 14 B L4 B

parallel sequences

Fig. 12. A (1,8) PSRG for parallel scrambling of cell-

based ATM signals.

11. A more detailed description on the sampling time shifting technique can be found in [7].

1156

www.dbpia.co.kr



% /SDHS ATM #$-& AR 48 &8 7Y

(22b) to (15) and (17), we can determine A, Ao and
A;. Also, from the evaluated matrices, we con-
firm that A and A, are of rank 31.

For the double correction in the descrambler,
we choose 8, to be an in leger between 1 and «.
Then, by (18) we obtain two sets of correction
vectors co and c;. Note that the corresponding ve-
ctors vary depending on the choice of 8, so the
resulting circuit diagram of the descrambler also
change accordingly.

V1. Conclusions

In this paper, we have investigated parallel scr-
ambling techniques for use in today’s two typical
transmission systems — the SDH transmission sys-
tem and the ATM transmission system. In the
ATM transmission system, there are two ways of
ATM cell transmission — the SDH-based and the
cell-based transmission. For the SDH transmis-
sion and the SDH-based ATM transmission, the
FSS is applied to the STM frames ; while for the
cell-based ATM transmission, the DSS is used on
the ATM cell stream,

We first briefly reviewed the parallel FSS and
the parallel DSS techniques. In the case of FSS,
the concept of PSRGs makes the parallel scram-
bling of FSS possible. The (M,N) PSRG is an SRG
which generates N parallel sequences in such a
way that when these sequences are M-bit interle-
aved the resulting sequence becomes identical to
some prespecified sequence. To examine the pro-
perties of PSRGs, we considered the relation be-
tween the SSRG and the MSRG, and showed
how to realize the PSRGs using the SSRG and

the MSRG.
In the case of DSS, the double sampling and

double correction play a main role in the parallel
scrambling of DSS. The double sampling is a spe-
cial sampling method which takes two samples
from the scrambler and the descrambler PSRGs

at each sampling time, and the double correction’

is also a special correction method which corrects
the descrambler PSRG state two times at each

correction time. For the double sampling, we con-
sidered the sampling time and sampling vector
conditions, and for the double correction, we ex-
amined the correction time and correction vector
conditions, '
Based on these parallel scrambling techniques,

we considered how to apply them to the SDH and
the ATM transmissions. In the case of the SDH
trasnsmission, N of AUG signals are byte-interle-
aved to form an STM-N payload, and the FSS is
used on the STM-N frames. Therefore, setting M
=8 to reflect the byte-interleaving, and setting
N =4 to reflect the four base-rate signals within
the STM-4, we could obtain an (8,4) PSRG which
generates four parallel sequences for use in the
corresponding parallel scrambler and descrambler,
Repeating the parallelization by setting N =16,
we can obtain an (8,16) PSRG for the STM-16.

In the case of the ATM transmission, differen-
tly from the SDH transmission, the data stream
to be scrambled is originally serial. So we regard-
ed the data streams of the SDH-based and the
cell-based ATM transmission as the bit-interleav-
ed multiplexed bitstreams of 8 base-rate signals,
considering the byte-level parallel processing. For
the SDH-based ATM transmission, since the sa-
me operation of FSS as the SDH transmission is
applied to the STM frames, we could obtain an
(1,8) PSRG for use in the corresponding parallel
scrambler and descrambler. In the cell-based ATM
transmission, the DSS is applied to ATM cell st-
ream of the transmission rate 155.520 Mbps or
622.080 Mbps. In this case, the scrambler SRG
samples are conveyed over the two contiguous
time slots in each HEC field, and so the double
sampling and correction is the most efficient in
terms of circuit complexity.
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