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(57) Abstract: A four-fiber or two-fiber, two-wavelength optical channel switched protection ring architecture uses nodes having
as small as 2x2 optical switch fabrics in conjunction with as small as 1x3 optical or electronic switches and bridges. The nodes are
adapted to provide non-adjacent node protection switching, optionally with no single point of failure.
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Optical Channel Shared Protection Ring

This application claims the benefit of priority (under 35 U.S.C. § 120) of U.S.
Provisional Application No. 60,205,749, filed May 19, 2000.

5 Background

Field of the Invention

The present invention relates to optical channel shared protection rings, and
particularly to optical channel shared protection rings employing optical switch
10  fabrics and utlilizing four fibers, or two fibers each with at least two wavelengths,

providing four paths around the ring.

Technical Backaround

Optical shared protection rings offer the possibility lowering

15 telecommunications network costs by extending optical reach while performing
protection switching all or in part in the optical domain. One restraint on the
implementation of optical shared protection rings is the complexity of the switch
fabrics that may be called for. It is thus highly desirable to find a simple yet effective

node architecture for optical shared protection rings.
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Summary

According to one aspect of the present invention, a four-fiber (or two-fiber,
two-wavelength) optical channel switched protection ring architecture uses nodes
desirably having 2x2 optical switch fabrics in conjunction with small optical or
electronic switch and bridges. Although larger fabrics may be used, 2x2 fabrics
generally offer the lowest loss for express channels, an important parameter for an
optical ring node. The nodes are adapted to provide non-adjacent node protection
switching. Adjacent node switching is not desirable in optical protection, because
the protection path can be much longer than non-adjacent node switching. For non-
adjacent node switching, since loop-back operation is not needed, optical switch

fabrics smaller than 4x4 can be used.

According to another aspect of the invention, the node avoids any single point
of failure. This is achieved in part through the inclusion of excess add and drop

ports.

Additional features and advantages of the invention will be set forth in the
detailed description which follows, and in part will be readily apparent to those skilled
in the art from that description or recognized by practicing the invention as described
herein, including the detailed description which follows, the claims, as well as the
appended drawings.

It is to be understood that both the foregoing general description and the
following detailed description are merely exemplary of the invention, and are
intended to provide an overview or framework for understanding the nature and
character of the invention as it is claimed. The accompanying drawings are included
to provide a further understanding of the invention, and are incorporated in and
constitute a part of this specification. The drawings illustrate various embodiments
of the invention, and together with the description serve to explain the principles and

operation of the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic diagram of an embodiment of a node of an optical

shared protection ring according to the present invention;

Figure 2 is a schematic diagram of another embodiment of a node of an

optical shared protection ring according to the present invention;

Figure 3 is a schematic diagram of an embodiment of an optical shared
protection ring employing an architecture according to the present invention, shown

in standard operation;

Figures 4, 5, 6, and 7 are each a schematic diagram of the operating state of
an embodiment of the node A, B, D, and C of Figure 3, respectively;

Figure 8 is a schematic diagram of an embodiment of an optical shared
protection ring employing an architecture according to the present invention, shown

in the case of a fiber cut or break;

Figures 9, 10, and 11 are each a schematic diagram of the operating state of

an embodiment of the node A, B, and D of Figure 8, respectively;

Figure 12 is a schematic diagram of an embodiment of an optical shared
protection ring employing an architecture according to the present invention, shown

in the case of a cable cut or break;

Figures 13, 14, and 15 are each a schematic diagram of the operating state of

an embodiment of the node A, B, and D of Figure 12, respectively;

Figure 16 is a schematic diagram showing the operation of a node of an
optical shared protection ring according to the present invention under the condition

of failure of long-reach optical transmitter and receiver pair;

Figure 17 is a schematic diagram showing the operation of a node of an
optical shared protection ring according to the present invention under the condition
of failure of optical switch fabrics and associated links from the switch fabrics to the

electronic switch board;
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Figure 18 is a schematic diagram of yet another embodiment of a node of an
optical shared protection ring according to the present invention, an embodiment

avoiding a single point of failure;

Figure 19 is a schematic diagram of still another embodiment of a node of an
optical shared protection ring according to the present invention, in another

embodiment avoiding a single point of failure;

Figure 20 is a schematic diagram of an additional embodiment of a node of

an optical shared protection ring according to the present invention;

Figure 21 is a schematic diagram of another additional embodiment of a node

of an optical shared protection ring according to the present invention;

Figure 22 is a schematic diagram of still another additional embodiment of a

node of an optical shared protection ring according to the present invention;

Figure 23 is a schematic diagram of yet another additional embodiment of a

node of an optical shared protection ring according to the present invention;

Figure 24 is a schematic diagram of additional embodiment of a node of an

optical shared protection ring according to the present invention; and

Figure 25 is a schematic diagram of one more embodiment of a node of an

optical shared protection ring according to the present invention.

‘ Detailed Description of the Invention

Figure 1 shows a schematic diagram of a node 12 employing 2x2 optical switch
fabrics 24, together with 1x3 electrical switches 46 and 1x3 electrical bridges 42 in
electronic switch board 40. Each 2x2 optical switch is connected to one of the four
fibers 20 through a mux 30 and a demux 36, and to one transmitter and receiver
within the electronic switch board 40. In this way, the 2x2 switch can pass traffic
through the node or add traffic to and drop traffic from the ring. For each optical

channel (each separate wavelength), four 2x2 optical switch fabrics are needed.
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Note that in Figure 1, only one optical channel of wavelength 2; is shown. For n
optical channels, 4n 2x2 optical switch fabrics are required, which would typically be
stacked perpendicular to the plane of the figure. Alternatively, serial, rather than
parallel, demutliplexing and multiplexing could be used. Whatever the multiplexing
scheme employed, each optical channel from the crossconnects is connected to an
electronic switch board 40. The electronic switch board 40 includes six 1x3
electronic switches 46, two 1x3 electronic bridges 42, four transmitter and receiver
pairs 26 made for ITU grade long reach optical signals, and four transmitter and

receiver pairs 60 made for 1300 nm short reach optical signals.

For a wavelength A;, four clients can be supported: two primary clients Primary
A and Primary B that are protected, and two extra clients Exira A and Extra B that
are not protected. In this node design, the working channel and its corresponding

protection channel are on the same wavelength. As no wavelength conversion is

required in protection switching, the electrical bridges and switches can alternatively

be replaced by optical bridges 50 and switches 54 as shown in Figure 2 within an
optical switch board 28. The client transmitters and receivers must then be made for

ITU grade long reach optical signals

Self-healing

In the following sections, the embodiment of Figure 1 is used to illustrate the
optical channel shared protection function. Figure 3 shows a four-node, four-fiber
optical channel shared protection ring under the normal conditions. The four nodes
represent four different types of node configurations using wavelength A;. Node A
adds and drops both primary (protected) and exira (pre-emptible) traffic. Node B
adds and drops primary traffic and passes through extra traffic. Node D adds and
drops extra traffic and passes through primary traffic. Node C passes through both
primary and exira traffic. The connections inside the four nodes A, B, D, and C are

shown in Figures 4, 5, 6 and 7, respectively.
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For Node A, as shown in Figure 4, all the four 2x2 switches are in the
add/drop state. This allows both working and protection channels to be added to or
dropped from the ring. The electronic switches connect primary clients to the

working channels, and the extra clients to the protection channels.

For Node B, as shown in Figure 5, the two switches for the working channels
are in the add/drop state, and two switches for the protection channels are in the
pass-through state. This allows the primary traffic to be added or dropped, and the
extra traffic to pass through. The two primary clients are connected to the working
transmitters and receivers, and the two client interfaces for the extra clients are

open.

For Node D, as shown in Figure 6, the two switches for the protection
channels are in the add/drop state, and two switches for the working channels are in
the pass-through state. This aliows the primary traffic to pass through, and the exira
traffic to be added or dropped. The two extra clients are connected to the protection
transmitters and receivers, and the two client interfaces for the primary traffic are

open.

For Node C, as shown in Figure 7, all the four switches are in the pass-
through state. This lets both the working and protection channels to pass through. All

the client interfaces for both the primary and extra traffic are open.

Fiber cut

Figure 8 shows an example of a fiber cut. The example fiber cut is on the
working fibers between Nodes A and B. This fiber cut interrupts the primary
connection between the clients Primary A and Primary D. To restore the connection,
Nodes A and B perform a span switch as shown in Figure 8.

Node A drops the low priority client Extra A and switches the client Primary A
to the protection fibers on the same spén. The internal switching for Node A is

shown in Figure 9.
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Node B performs a similar span switch to the protection channels. The two

protection 2x2 switch fabrics switch to add/drop state as shown in Figure 10.

To avoid traffic misconnection, client Exira G in Node D switches to open

state as indicated in Figure 11.

Node C stays unchanged.

Cable cut

Figure 12 shows a case where the cable between Nodes A and B is cut. This
cable cut interrupts the connection between the clients Primary A and D. To heal this
cable cut, Nodes A and B perform a ring switch to the protection channels away from
the cut as shown in Figure 12. The extra traffic connections between Nodes A and D
are interrupted before the ring switch to avoid traffic misconnection. This is done by
disconnecting the incoming protection channels from the extra clients in Nodes A
and D, as shown in Figures 13 and 15, respectively. For the ring switch, Node A
(Figure 13) bridges the signal from the client Primary A to the outgoing protection
channel, and sends the signal from the incoming protection channel to Primary A.
No change is required in the 2x2 optical switches in Node A. Node B (Figure 14)
bridges the signal from the client Primary D to the outgoing protection channel, and
switches the signal from the incoming protection channel to the client Primary D.
Then Node B changes the two 2x2 protection switches to the add/drop state. Node
D (Figure 15) lets the protection channels to pass through. No change is needed for

Node C, since it is already in the pass through state.

Component failures

In addition to fiber and cable cuts, the architectures of the present invention
can heal failures in components, such as failures in transmitters and receivers for
fong-reach optical signals, or failures in the 2x2 optical switch fabric. Figure 16

shows a failure of the working long-reach transmitter and receiver for the client
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Primary A. The failure can be healed by a span switch between Nodes A and B as
described above with respect to Figures 9-11. The same protection process can be
used to heal failure in the link from the 2x2 switch fabrics to the electronic switch

board and a failure in the 2x2 switch fabrics, as shown in Figure 17.

Further Embodiments

The architectures described above with reference to Figures 1 and 2 have
single points of failure. For example, in Figure 1, the 1x3 electronic switches and
bridges connecting the working channels, and the working short-reach transmitters
and receivers connected to the primary clients can be a single point of failure. Also,
the optical 1x3 switches and bridges connecting the working channels in Figure 2

are subject to single point failure.

The architecture shown in Figure 18 avoids such single point failures. In this
architecture, relative to the architecture shown in Figure 1, the 1x3 electronic
switches and bridges connecting to the working channels are replaced by 1x2
electronic switches and bridges, and the working channels are connected directly
between the working long- and short-reach transmitters and receivers without going
through any switch. One more pair of short-reach transmitter and receiver is added
for each primary client. This arrangement provides the primary clients with a working
and a protection signal to choose from. This architecture can heal any single
component failure inside the node. But it is costs more than the architecture in
Figure 1, because additional transmitters and receivers are needed. An optical

version of this architecture having no single point failure is shown in Figure 19.

All the architectures described above use 2x2 optical switch fabrics. Larger
optical switch fabrics, for example 4x4 and 8x8, can of course be used to achieve
same or greater functionality. Figure 20 is an example that has the same

functionality as the architecture shown in Figure 18, where the four 2x2 optical
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switch fabrics are replaced by two 4x4 optical switches 70. Larger electronic fabrics
can also be used. Figure 21 is an architecture of using 8x10 electronic switch fabric

72. But the 8x10 electronic fabric can be a single point of failure.

The architectures described above may also be implemented, with some
variation, in the form of a two-fiber ring, by using a second wavelength on each fiber

as if it were a second pair of fibers.

In a two-fibér ring, two wavelengths are required to support bi-directional
connections. Figure 22 shows a two-fiber architecture with 2x2 optical switches and
1x3 electronic bridges and switches. In this architecture, a ring switch is performed
on the same wavelength, but a span switch must switch between two different
wavelengths. The architecture supports wavelength conversion, because protection
switching is done at the electronic level. Figure 23 is an architecture similar to Figure

22, but without the risk of single point failure.

The same as for the four-fiber ring, the electronic switches and bridges in
Figures 22 and 23 can be replaced by optical bridges and switches. Figure 24 shows
an optical version of the architecture in Figure A. Because wavelength conversion is
not possible in this architecture, 1x2 optical bridges and switches are used in Figure
24. As a result, the span switch is not supported. Figure 25 is a modified

architecture of Figure 24 to avoid single point of failure.

The four-fiber hybrid optical channel (or two-fiber, two-wavelength) switched
shared protection ring architectures of the present invention use a combination of
small size optical switches such as 2x2 and 4x4 with small size electronic switch
fabrics and bridges or with optical switch fabrics and bridges such as 1x2 and 1x3.
The architectures can be designed to provide protection against any single point of
failure such fiber or cable cut, and component failures such as transmitter, receiver,

electronic and optical switch fabric.

It will be apparent to those skilled in the art that various modifications and
variations can be made to the present invention without departing from the spirit and

scope of the invention. For example, the individual 2x2 or 4x4 switch fabrics may be
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formed together as a unit. Larger electronic fabrics me be used as well. A 2x6 may
replace two 1x3’s, for example. Thus, it is intended that the present invention cover
the modifications and variations of this invention provided they come within the

scope of the appended claims and their equivalents.
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What is claimed is:

1. A node device for an optical shared protection ring, the ring utilizing four

fibers in the ring, the device comprising:

four two-by-two optical switches each arranged to be optically

connected in-line to a respective one of four fibers in a ring;

four pairs of long-reach optical transmitters and receivers, each pair
optically connected to a respective one of the four two-by-two optical
switches; and

at least four pairs of short-reach optical transmitters and receivers
arranged communicate electrically with selectable ones of said four pairs of

long-reach optical transmitters;

wherein said device is structured and arranged so as to be able to provide non-

adjacent-node protection switching when connected in an optical shared protection

ring.
2. The device of claim 1 further comprising:
at least six pairs of short-reach optical transmitters and receivers

arranged communicate electrically with selectable ones of said four pairs of
long-reach optical transmitters, wherein said device is structured and
arranged such that no single component failure will cause failure of the
device.

3. The device of claim 1 further comprising:

an electrical board selectably connecting the long-reach transmitters

and receivers with the short-reach receivers and transmitters, respectively,
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the electrical board including a plurality of one-by-three electrical switches

and a plurality of one-by-three electrical bridges.

4, The device of claim 3 wherein the electrical board includes no electrical
switch in the communications path exceeding one-by-three in size, and no electrical

bridge in the communications path exceeding one-by-three in size.

5. The device of claim 3 wherein the electrical board includes at least six one-
by-three electrical switches and at least two one-by-three electrical bridges in the

communications path.

6. A node device for an optical shared protection ring, the ring utilizing at least
each of two wavelengths on each of two fibers in the ring, one wavelength as a
working wavelength and one wavelength as a protection wavelength, the device

comprising:

four two-by-two optical switches each arranged to be optically
connected in-line to a respective one of said two wavelengths on a respective

one of said two fibers;

four pairs of long-reach optical transmitters and receivers, each pair
optically connected to a respective one of the four two-by-two optical

switches; and

at least four pairs of short-reach optical transmitters and receivers
arranged communicate electrically with selectable ones of said four pairs of

long-reach optical transmitters;

wherein said device is structured and arranged so as to be able to provide non-
adjacent-node protection switching when connected in an optical shared protection

ring.
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The device of claim 6 further comprising:

at least six pairs of short-reach optical transmitters and receivers
arranged communicate electrically with selectable ones of said four pairs of
long-reach optical transmitters, wherein said device is structured and
arranged such that no single component failure will cause failure of the
device.

The device of claim 6 further comprising:

an electrical board selectably connecting the long-reach transmitters
and receivers with the short-reach receivers and transmitters, respectively,
the electrical board including a plurality of one-by-three electrical switches

and a plurality of one-by-three electrical bridges.

The device of claim 8 wherein the electrical board includes no electrical

switch in the communications path exceeding one-by-three in size, and no electrical

bridge in the communications path exceeding one-by-three in size.

10.

The device of claim 8 wherein the electrical board includes at least six one-

by-three electrical switches and at least two one-by-three electrical bridges in the

communications path.

11.

A node device for an optical shared protection ring, the ring utilizing four

fibers in the ring, the device comprising:

four two-by-two optical switches each arranged to be optically

connected in-line to a respective one of four fibers in a ring; and

an optical switch board connected to said four two-by-two optical

switches, the optical switch board including a plurality of one-by-three optical
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switches and a plurality of one-by-three optical bridges arranged for
selectably connecting said four two-by-two optical switches to a selected

optical add port or a selected optical drop port;

wherein said device is structured and arranged so as to be able to provide non-
adjacent-node protection switching when connected in an optical shared protection

ring.

12.  The device of claim 11, wherein said optical switch board includes at least

four one-by-three optical switches and at least two one-by-three optical bridges.

13.  The device of claim 12, wherein said optical switch board includes exactly

four one-by-three optical switches and a least two one-by-three optical bridges.

14.  The device of claim 11, wherein said optical switich board includes no optical

switches larger than one-by-three and no optical bridges larger than one-by-three.

15. A node device for an optical shared protection ring, the ring utilizing at least
each of two wavelengths on each of two fibers in the ring, one wavelength as a
working wavelength and one wavelength as a protection wavelength, the device

comprising:

optical switches each arranged to be optically connected in-line to a
respective one of said two wavelengths on a respective one of said two fibers

in a ring; and

an electrical or optical switch board connected to said optical switches,
the switch board including one or more switches arranged for selectably
connecting said optical switches to a selected optical add port or a selected

optical drop port;
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wherein said device is structured and arranged so as to be able to provide non-
adjacent-node protection switching when connected in an optical shared protection

ring.

16.  The device of claim 15 wherein said selected add port is one of four add ports

and said selected drop port is one of four drop ports.

17.  The device of claim 15 wherein said selected add port is one of six add ports
and said selected drop port is one of six drop ports and wherein the device and the
optical switch board in the device are structured and arranged such that failure of a

single component will not cause failure of the device.

18.  The device of claim 15 wherein said optical switches are two four-by-four

optical switches.

19.  The device of claim 15 wherein said optical switches are four two-by-two

switches.

20. The device of claim 15, wherein said switch board includes at least four one-

by-three switches and at least two one-by-three bridges.

21.  The device of claim 20 wherein said switch board includes exactly four one-

by-three switches and a exactly two one-by-three bridges.

22.  The device of claim 15, wherein said switch board includes no switches larger

than one-by-three and no bridges larger than one-by-three.
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23. A node device for an optical shared protection ring, the ring utilizing one of (1)
four fibers and (2) at least each of two wavelengths on each of two fibers in the ring,
one fiber pair or wavelength as a working fiber pair or wavelength, and one fiber pair

or wavelength as a protection fiber pair or wavelength, the device comprising:
ring-side optical switches of no larger size than NxN; and

one of add-drop-side electrical or add-drop side optical switches of no

larger size than MxO,

wherein N=4 and M=2 and O=6.

24. The device of claim 23 wherein N=2.

25. The device of claim 23 wherein M=1 and O=3.

26. The device of claim 23, the components of the device being structured and
arranged such that failure of a single component does not cause failure of the

device.

27. A node device for one of (1) a four-fiber and (2) a two-fiber, two-wavelength,
optical channel switched protection ring architecture comprising nodes, the device
having two-by-two optical switch fabrics, and one-by-three optical or electronic

switches and bridges.

28.  The device of claim 27 wherein the components of said device are adapted

and arranged to provide non-adjacent node protection switching.
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29. The device of claim 27 wherein the components of said device are adapted
and arranged to prevent failure of the device on failure of a single of said

components.



WO 01/90785 PCT/US01/16016

1/13

Primaryﬁ Extra A|| ExtraB||Primary

¥\ £h £ i

Ry [Tx] [Rd [Tx \\J

0 | V:Z
Tx T:( Rx| |Rx| 20
P w¢ P W ¢
~— - D g
W w
< 4__:“._
East \ - West
—_— > >
|
P P
< / < 24
A .
20 24 36
Figure 1
Primary A| Extra A|| Extra B||Primary B
[Rd [T B [Tx| [T [Rudl{[7d l?l
12
_ 4 J
. 54
28— |ld =TT rf:
1™ 50
Wl Ppl wl[ P Pl W P W
— P l——> A —>[ >
W v W
e ) D
East Pﬂ West
> A >{ >
P v P
— D

FigUre 2



WO 01/90785 PCT/US01/16016
2/13

-------------

Ry Ve = Bl
H L 3 e
Og | QPSSR X g
< 11
3 = -0
"o 3 ! £
H L r=+-%
< 1 i
kS Primary
B A
A; working —

?»,- Protection

L 1
IExtra AI rExtra B1

Figure 3

Primary Al| Extra A || Extra B || Primary H
Node A %I Tx I?il ﬁ{(—l [Tx] [Rxdl |71 [Bxd
A % B

i o i

T " N S S R

i el

Tx F;x x| |BX EKZI X Rx Tx

46

A 4 A\ 4

R] [Rx] [Tx] [T [7x] [1x] [Rx] [Rx
Wl P| P w{ P W
—-PQ—V/ x T » >
W —y—— < W
undy A —

East L Sm— Y West
F*ﬂ—b 'x, > ) ;
4——(}4——/ A / <——D<-_

|
24



PCT/US01/16016

WO 01/90785
3/13
Primary ¢ Primary [
Node B
( - A T >} >
W = - W
East A A W
Ne —
Sy o e
Figure 5
ExtraG || ExtraH
Node D . mgle
U "N IS S S S N
Tx| |Bx] |Tx]| [Bx] [Bx} | Tx| |Rx| [ Tx
v v
R [Rxd [Tx] [Tx] [1x] [Tx] [Bx [Bx
Wl P| P vi P W
d ™
W ’( 9 > V;
East g “y- B W
# P
o Je—r— ] Je




PCT/US01/16016

WO 01/90785
4/13
Node C
(] . Bane
< @ ’q“j < )
East ¥— West

> »(} > ?"l b} >

[ P
< {]4 o )‘

Y \‘——Fa
'Pog' """’"'Wg
5 |
= [T]

X -
Lyl = ! ©
Ué N E & L
32 ! e

Primary| |Primary,
A B

Extra A} |Extra B

Figure 8




WO 01/90785 PCT/US01/16016

Primary A || Extra A Extra B || Primary B

Node A [Bx] (xR [Tx] {[7x] [Bx]li[7] [x]
i & £ £
E‘x Rx| [Rx
P W¢ PN W
L D
W
. < )4
East A 4 West
P P
 amd — ,
Figure 9
Primary g Primary O
Node B [Rd [1x] Tx] [R
[ S S .
Txi Bx] {Tx] |Rx Eix Tx] |Rx] [Tx
A 4
Rx| |Rx E)Zl Tx| | Tx| |Tx| |Rx] |Rx
Pl W| P Pl W[ PT W '
y
( > 7\,1 ............... §)
W [
Ny M <
East | = —r———v— West
N P m— ™
P ( L 7\4] r/ ;
A o )
L W N :'4

Figure 10



PCT/US01/16016

WO 01/90785
6/13
ExtraG || ExtraH
Node D . WI Tx]| [[Tx] [Rx]
£X & &
x| [Rx] [Tx] [Bx @ Tx§ |Bx} [ Tx
‘L HES
R [Bd [Tx] [Txl [Tx] [Tx] [Bx] [Rx
Pr W[ P| P W PT W
y
(| A >
W| W
¢ A ) j‘
East | > ——r——p—v_— ~ West
( o 7\1 .............. :/ >
P A P
4» PR PRower 7\‘. ------ < )
L ]
T E
Mo 3 15
3 il
e [T
"o 3 g
Qo -1 X
< L]
Primary| |Primary
", A B
B "4;"'..' }
1 1

Extra Al |Extra B

Figure 12



WO 01/90785 PCT/US01/16016
7113

Primary All Extra A || Extra B ||Primary H

Node A P 5 P 5 2
4 £ I}a
o P S S

x| [Bx [Txl [Bd [Bx] [Tx] [R+] [Fx

Rx| [Bx]| [Tx] | Tx| |Tx] {Tx} [Bx| |Bx
Wi P Pl W PT W
L AN ~
7\’] .......... » / »
......................... )\1 :‘4 W
) West
................................................. ™
A g% ;
......................... X ey —

Figure 13

Primary § Primary [J
[Bx] [7x] [Tx] [R«]
Node B = b | ] 4 A
Rl fi’ W'*L XA ;
— e

Tx R)x T I_E_)Z] Rx| | x| [Rx| [Tx

\ 4
Rx| |Rx E)ﬂ Tx| |[Tx] | Tx] |Bx} |Bx

PT W| P| P| W PT W

4
<

w ( = W
i : (" R )
ast | ¥
- s " — B
4__(4 ............................ 7\’] ,:l (

Figure 14



WO 01/90785

Node D

PCT/US01/16016

8/13
Extra G || ExtraH
| [Rx [7x]l |[7x] [R«]
A3 I A
S —
Tx X II’(Z]

T
[

VY gﬁ
1] L
A 4 A
Tx| {Tx T)ﬂ T

: ,
o
[ 7]
[~ |

-
A

A

P Wl P| P| W
( > 9»; >} >
W e - . ) W
~ 7
Pli - ?»J :)——b
d B

Figure 15

Primary Aj{ Extra A

Extra B || Primary H

Node A (ol il [P ] | . [
;0 O I S
Tx] {Bx} [Tx{ |Rx}] |Rx] |Tx| [Rx| [ Tx
Rx ﬁa x| |Tx };(__I Rx] [Bx
PT W[ P{ P| W PT W
e
c #—E: ..................... V] < -
ast | L est
( > 7\1 .......... .__,I I __;

A v

Figure 16



WO 01/90785 PCT/US01/16016
9/13

Primary All Extra A || Extra B || Primary B

Node A I@ﬁﬂl@ﬁﬂl’ﬂlﬁlmlﬁﬂ

] I 4
1 L N [

Tx| |Bx] [Tx] |Rx Fix Tx| [Rx] [ Tx

. AN

YAy

 anl—

Primary A |} ExtraA || ExtraB}] PrimaryB
RxRITXITx] [[Rx [Tl [T [R | [TX]Tx[RRx
Fe EY =

AR 4 [ [ »]1an
o 2 2
TR E‘%l RARATHTx
A I A
— 48
=T~
| 144
Rx} [Rx I’_Tj Tx T§] Rx| [Rx 46
W PT W
y

v
<
v

4=
£
WA,

East

Pl

1
!

Figure 18



WO 01/90785 PCT/US01/16016
10/13

Primary A || ExtraA || ExtraB || PrimaryB

R T T [Rx] [Tl ] [Rxdf [T Tx[R:IRx
w ] y W

oy

5
[~ 54

|
%
71T
[,
[ N\

-
>
]

Y
\ 4

<

=
A

East

AYAAY

4 o]
=
3

Primary A || ExtraA || ExtraB || Primary B
RxIRx] Tx] Tx

L_ohe

—
(Tx|Tx|Rx|R¥] [T

Rx} |Rx
P
A 4
Ao | LTy
East<_ } A ] ) 2‘ West
P »(— A i ,:
J

s | — )

- 70

Figure 20



WO 01/90785

East

PCT/US01/16016
11/13

Primary Al| Extra A

[Bx] [Tx]{|[Rx] [Tx]

Extra B || Primary H

[Tx] [Rxdl|[Tx] [Rx]
P Py

et

70

\_/

— :

10x8 electronic switch

P W| P| P| W PTW
4

R Y
> A T
W
—(4 7\1 < )
< West
> — A LT
e <
Q) A —] )
Figure 21
Primary All Extra A || Extra B || Primary B
Tx ITﬂ [ﬂ ﬁi_x|
[_I—_Rx Tx] [Rx{ [Tx
Tx] |Tx] |Bx| |[Rx
SRR
—>
A
West
A

Figure 22



WO 01/90785

East

East

PCT/US01/16016

12/13

Primary A Extra A Extra B Primary B

rx]Rx[TxJTx]|[Rx] [x]] [[7x] [Rx]|[Tx[TxJRx]Rx

A A ( —i A l N ;;3

o B T
S

S—t i ) L T
Tx ] Tx |RxJRx El’x Rx| [Rx Ex IrRxJRx] Tx] x|
A A '

y y l ‘
Rx{ |Rx ﬁx Tx| |Tx ITx| Rx| |Rx

il A X 7: % ﬂii
7‘]
_>
7\’k
West
A B
7‘1’
Figure 23
Primary Al| Exira A || ExtraB ||Primary H
FF':?I [Tl [[Rx] [Txl [[Tx] [Radl{T] I’F‘:ﬂ
F 3 A A
] = M52
alidllfE
[~ — 56
Ml | A %) Ay k| %
}”i
»
A
West
Ay
T :

Figure 24



WO 01/90785 PCT/US01/16016
13/13

Primary A Extra A || ExtraB || PrimaryB
RR x| [[Rod [Tl 1] [Rxll [Tl TxRxIRx
A

A A
— Loy
B g
7\'1
— —p
}Lk
East West
A
‘__‘:lv\ .

Figure 25



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

