2013/186677 AT I 000 OO0 00O A0 00

<

W

(43) International Publication Date

Organization
International Bureau

—~
é

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)
(19) World Intellectual Property

(10) International Publication Number

WO 2013/186677 Al

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Filing Date:
6 June 2013 (06.06.2013)

Filing Language: English
Publication Language: English
Priority Data:

13/495,637 13 June 2012 (13.06.2012) US

Applicant: TELEFONAKTIEBOLAGET L M ERIC-
SSON (PUBL) [SE/SE]; S-164 83 Stockholm (SE).

Inventor: (")HLEN, Peter; Lundagatan 42A, S-117 27
Stockholm (SE).

Agents: CAMERON, Michael G. et al.; 6300 Legacy, MS
EVR 1-C-11, Plano, Texas 75024 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,

19 December 2013 (19.12.2013) WIPO | PCT
International Patent Classification:
H04J 14/02 (2006.01)
International Application Number:
PCT/IB2013/054675

(84)

DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KN, KP, KR,
KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SC,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments (Rule 48.2(h))

(54) Title: METHODS AND APPARATUS FOR A PASSIVE ACCESS SUBNETWORK

LONGHAUL

2

- REGIONAL
) 26

METRO
22

.24

18- -t
.

ACCESS

' SUBNETWORK '
141

i
20

20

7 ACCESS™,
SUBNET &
. WORK
o142

Jacoess T
: 12

18

ACCESS
& SUBNETWORK
14-K

FIG.1

(57) Abstract: An access subnetwork node herein comprises one or more add-drop modules, each module including one or more
passive optical filters. The one or more add-drop modules are configured to selectively drop a fixed band of wavelength channels
from an access subnetwork, via a passive directional coupler, to each of multiple client nodes that actively select to receive cli-
ent-specific channels within the fixed band. The one or more add-drop modules are also configured to selectively add the fixed band
of wavelength channels to the access subnetwork, as received via a passive directional coupler from the multiple client nodes that
actively select to transmit client-specitic channels within the fixed band. With an access subnetwork node and a client node con -
figured in this way, embodiments herein reduce the complexity and accompanying cost of nodes in an optical network, while also
maintaining flexibility for assigning wavelength channels in the network.
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METHODS AND APPARATUS FOR A PASSIVE ACCESS SUBNETWORK

TECHNICAL FIELD
The present invention generally relates to methods and apparatus associated
with an access subnetwork, and particularly relates to an access subnetwork node, a
client node connected to that access subnetwork node, a wavelength assignment node,

and methods implemented by those nodes.

BACKGROUND

Increasing the flexibility with which an optical transport network can assign and
route wavelength channels has traditionally increased the efficiency of the network.
Reconfigurable optical add/drop multiplexers (ROADMSs) have greatly contributed to
this increased flexibility by enabling wavelength channels to be selectively added or
dropped at any node in the network. However, ROADMs employ fairly complex and
expensive components to provide this flexible capability. Furthermore, many of these
components are active, meaning that the ROADMs require a power supply
infrastructure and an interface for managing faults and upgrades. ROADMs thus prove
prohibitive in some contexts.

One such context relates to a network that efficiently transports the traffic of
multiple services in a converged fashion. Rather than employing multiple different
networks in parallel for transporting these different services (e.g., mobile, business, and
residential services), a converged network transports those services together using the
same network. A transport network that optically converges different services by
transporting those services on different wavelength channels would be advantageous,
for a variety of reasons, but has heretofore been stifled by long deployment cycles of
equipment, organizational boundaries, and operator considerations. Such a transport
network would be advantageous for instance because of its potential for large

scalability and efficiency.

SUMMARY
Embodiments herein advantageously reduce the complexity and accompanying
cost of nodes in an optical network, as compared to known networks, while also

maintaining flexibility for assigning and routing wavelength channels in the network.
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With reduced complexity and cost, the embodiments prove particularly useful for
optically converging the traffic of multiple services.

More particularly, embodiments herein include an access subnetwork node that
comprises one or more add-drop modules. Each add-drop module includes one or more
passive optical filters. These one or more add-drop modules are configured to
selectively drop a fixed band of wavelength channels from an access subnetwork, via a
passive directional coupler, to each of multiple client nodes that actively select to
receive client-specific channels within the fixed band. The one or more add-drop
modules are also configured to selectively add the fixed band of wavelength channels
to the access subnetwork, as received via a passive directional coupler from the
multiple client nodes that actively select to transmit client-specific channels within the
fixed band.

In at least some embodiments, the access subnetwork comprises an access
subnetwork ring. In this case, the one or more add-drop modules are configured to
resiliently drop the fixed band from either arm of the access subnetwork ring to each of
the client nodes, and to resiliently add the fixed band to both arms of the access
subnetwork ring.

In one embodiment, for example, an add-drop module comprises a 4-port
passive optical filter. This filter has two ports connected to different arms of the access
subnetwork ring and two ports connected to the one or more passive directional
couplers. In another embodiment, by contrast, an add-drop module comprises a pair of
3-port passive optical filters. These 3-port filters have one port connected to different
arms of the access subnetwork ring, one port connected to the other filter in the pair,
and one port connected to the one or more passive directional couplers.

In at least one embodiment, this access subnetwork ring comprises a
bidirectional ring formed from first and second rings of unidirectional optical fiber. In
this case, the access subnetwork node comprises first and second add-drop modules.
The first module is configured to selectively drop the fixed band from the first ring, via
a first one of the passive directional couplers, to each of the client nodes and selectively
add the fixed band to the first ring as received via a second one of the passive
directional couplers. Similarly, the second module is configured to selectively drop the

fixed band from the second ring, via the first coupler, to each of the client nodes and
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selectively add the fixed band to the second ring via the second coupler.

In any case, the one or more add-drop modules in some embodiments comprise
a single add-drop module. This single module is configured to selectively drop and add
the fixed band via the same passive directional coupler. In other embodiments, though,
the one or more add-drop modules comprise multiple add-drop modules. These
multiple modules are each configured to selectively drop and add the fixed band via
different passive directional couplers.

In some embodiments, the access subnetwork node actually comprises the one
or more passive directional couplers. In other embodiments, though, the access
subnetwork node excludes these one or more passive directional couplers, meaning that
the node connects to client nodes via the one or more couplers but does not itself
include those couplers.

Corresponding embodiments herein also include a client node. This client node
comprises a receiver configured to actively select to receive a client-specific channel
within a fixed band of wavelength channels that an access subnetwork node selectively
drops from an access subnetwork, via a passive directional coupler, to the client node.
The client node also comprises a transmitter configured to actively select to transmit a
client-specific channel within the fixed band, via a passive directional coupler, to the
access subnetwork node for selective addition of the fixed band to the access
subnetwork.

In some embodiments, the receiver is a coherent optical receiver comprising an
optical local oscillator configured to perform the above-mentioned active selection. In
this case, for example, the transmitter in some embodiments is configured to transmit a
client-specific channel with light from said optical local oscillator. In other
embodiments, by contrast, the client node’s receiver comprises a tunable selection filter
configured to perform the active selection.

Embodiments herein also include a wavelength assignment node. The
wavelength assignment node comprises one or more interfaces configured to
communicatively couple the wavelength assignment node to client nodes directly or
indirectly via one or more intermediate nodes. The wavelength assignment node further
comprises an assignment controller. This controller is configured to obtain assignment

constraint information that indicates different fixed bands of wavelength channels
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associated with different access subnetwork nodes. The controller is also configured to
dynamically assign wavelength channels to client nodes by constraining the possible
wavelength channels assignable to any given client node to the fixed band of
wavelength channels that is associated with the access subnetwork node to which the
client node is connected. Finally, the controller is configured to transmit channel
assignments to the client nodes via the one or more interfaces.

Embodiments herein also include corresponding methods implemented by
respective nodes.

Of course, the present invention is not limited to the above features and
advantages. Indeed, those skilled in the art will recognize additional features and
advantages upon reading the following detailed description, and upon viewing the

accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram of a generic tiered architecture for optical transport
networks configured to transport wavelength division multiplexed (WDM) ftraffic,
according to one or more embodiments.

Figure 2 is a block diagram of an access subnetwork node and a client node
configured according to one or more embodiments.

Figure 3 is a block diagram of a wavelength assignment node configured
according to one or more embodiments.

Figures 4A-4B illustrate an example of an access subnetwork node, a client
node, and a wavelength assignment node configured for resilience in an access
subnetwork ring according to one or more embodiments.

Figure 5 is a block diagram of an access subnetwork node and a client node
connected via a single passive directional coupler according to one or more
embodiments.

Figures 6A-6B are block diagrams of an add-drop module and a 4-port passive
optical filter according to one or more embodiments.

Figures 7A-7B are block diagrams of an add-drop module and a pair of 3-port
passive optical filters according to one or more embodiments.

Figure 8 is a block diagram of an access subnetwork node and a client node

connected via multiple passive directional couplers according to one or more
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embodiments.

Figure 9 is a logic flow diagram of a method implemented by an access
subnetwork node according to one or more embodiments.

Figure 10 is a logic flow diagram of a method implemented by a client node
according to one or more embodiments.

Figure 11 is a logic flow diagram of a method implemented by a wavelength

assignment node according to one or more embodiments.

DETAILED DESCRIPTION

Figure 1 illustrates a generic tiered architecture 10 for optical transport
networks configured to transport wavelength division multiplexed (WDM) traffic using
different wavelength channels. The lowest tier shown, tier 1, is an access network 12
comprising a plurality of access subnetworks 14-1, 14-2,...14-K. Each access
subnetwork 14-k is formed from multiple access subnetwork nodes 16 interconnected
via optical fiber 18. When the nodes 16 of an access subnetwork 14 are interconnected
in a ring structure, as shown for access subnetworks 14-1 and 14-2, the access
subnetwork 14 is referred to as an access subnetwork ring. An access subnetwork ring
in this regard provides resiliency against the failure of an access subnetwork node 16
and the failure of optical fiber 18. The nodes 16 of an access subnetwork 14 may of
course be interconnected in other structures as well, including a tree structure (as shown
for access subnetwork 14-K), a bus structure, a mesh structure, or any combination
thereof.

In general, each access subnetwork node 16 connects to one or more client
nodes 20, e.g., a remote radio unit, a base station, a DSLAM, a GPON/EPON ONT, a
packet switch, a router, or other node. Connected to one or more client nodes 20, an
access subnetwork node 16 effectively aggregates the wavelength channels on which
those client nodes 20 transmit uplink traffic and places (i.e., adds) the aggregated
wavelength channels onto the access subnetwork 14 it forms. Similarly, the access
subnetwork node 16 drops from the access subnetwork 14 the wavelength channels on
which downlink traffic is transmitted to those client nodes 20.

The access network 12 in turn connects to a higher-tiered network; namely, a
metro network 22 at tier 2. The metro network 22 is formed from a plurality of

mterconnected central offices (COs) 24 and transports WDM traffic for the access
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network 12. In this regard, each CO 24 adds wavelength channels from one or more
access subnetworks 14 to the metro network 22 and drops wavelength channels from
the metro network 22 to one or more access subnetworks 14. For example, Figure 1
illustrates a CO 24 as adding wavelength channels from access subnetwork 14-1 (and
other access subnetworks 14 not shown) to the metro network 22 and drops wavelength
channels from the metro network 22 to access subnetwork 14-1. In an analogous
manner, the metro network 22 connects to a higher-tiered network called the regional
network 26, which in turn connects to a long haul network 28 for inter-regional
transport.

Known implementation approaches to this tiered architecture 10 configure each
access subnetwork node 16 with a fair amount of routing flexibility. Each access
subnetwork node 16 in known approaches, for example, includes a reconfigurable
optical add/drop multiplexer (ROADM) that enables flexibility with regard to which
wavelength channels are to be selectively added or dropped. However, because
ROADMs employ fairly complex and expensive components to provide this flexible
capability, including for instance a power supply infrastructure and an interface for
managing faults and upgrades, known implementations prove cost-prohibitive and/or
operationally limited in some contexts.

Embodiments herein advantageously reduce the complexity and accompanying
cost of access subnetwork nodes 16, while also maintaining wavelength channel
flexibility. For example, at least some embodiments herein simply employ passive
components at access subnetwork nodes 16 to reduce the complexity and cost of those
nodes 16, and employ active components in client nodes 20 to provide for wavelength
channel flexibility. Regardless, because the embodiments provide wavelength
flexibility at reduced complexity and cost, the embodiments prove useful in a wider
range of applications, such as optically converging the traffic of multiple services.

More particularly, Figure 2 illustrates an access subnetwork node 16 according
to one or more embodiments. The access subnetwork node 16 interconnects via optical
fiber 18 with one or more other access subnetwork nodes 16 (not shown) in any type of
structure (e.g., ring, tree, bus, etc.) to form an access subnetwork 14-k. The access
subnetwork node 16 also connects to multiple client nodes 20.

Connected with other access subnetwork nodes 16 and client nodes 20 in this
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way, the access subnetwork node 16 comprises one or more add-drop modules 30. Each
of these add-drop modules 30 includes one or more passive optical filters (POFs) 32
(e.g., bandpass filters). In some embodiments, the access subnetwork node 16 itself also
comprises one or more passive directional couplers 34 via which the node 16 connects
to client nodes 20. In other embodiments, though, the access subnetwork node 16
excludes these one or more passive directional couplers 34, meaning that the node 16
connects to client nodes 20 via the couplers 34 but does not itself include those
couplers 34.

Regardless of whether or not the node 16 itself includes the one or more passive
directional couplers 34, the one or more add-drop modules 30 are configured to
selectively drop a fixed band of wavelength channels from the access subnetwork 14-k,
via a passive directional coupler 34, to each of multiple client nodes 20 that actively
select to receive client-specific channels within the fixed band. The one or more add-
drop modules 32 are also configured to selectively add the fixed band of wavelength
channels to the access subnetwork 14-k, as received via a passive directional coupler 34
from the multiple client nodes 20 that actively select to transmit client-specific channels
within the fixed band.

A client node 20, as shown in Figure 2, correspondingly includes a receiver 36
and a transmitter 38, along with one or more other circuits 40, e.g., for processing
information that is received or that is to be transmitted over a client-specific channel.
The client node’s receiver 36 is configured to actively select to receive a client-specific
channel within the fixed band of wavelength channels that the access subnetwork node
16 selectively drops from the access subnetwork 14-k, via a passive directional coupler
34, to the client node 20. Similarly, the client node’s transmitter 38 is configured to
actively select to transmit a client-specific channel within the fixed band, via a passive
directional coupler 34, to the access subnetwork node 16 for selective addition of the
fixed band to the access subnetwork 14-k.

Configuring the access subnetwork node 16 and client node 20 in this way
advantageously reduces the cost and complexity of the access subnetwork node 16, as
the node 16 need not include a ROADM or any other active components in order to
selectively add and drop the same fixed band of wavelength channels as described

above (i.e., the node 16 need not actively select which band of wavelength channels to
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add or drop). Yet the configuration still provides for flexibility in the way that
wavelength channels are assigned to the client nodes 20, since any given client node 20
actively selects from among the wavelength channels in the fixed band for transmission
and reception. Because a client node 20 employs active components for transmission
and reception anyway, imposing this active channel selection on the client node 20
rather than the access subnetwork node 16 increases the cost and complexity of the
client node 20 only marginally as compared to the cost and complexity savings gained
in the access subnetwork node 16.

Figure 3 illustrates a wavelength assignment node 42 for flexibly assigning
wavelength channels to client nodes 20 according to one or more embodiments. The
wavelength assignment node 42 may assign wavelength channels in this way based on
cither global assignment information or local assignment information, depending
respectively on whether the wavelength channels are terminated at a centrally or locally
positioned head-end (not shown). Where the channels are terminated centrally, the node
42 may be implemented as a central server in the optical network 10. Where the
channels are terminated locally, the node 42 may be implemented as a router, a carrier
Ethernet switch, a centralized baseband site, a radio network controller, etc. Regardless,
the wavelength assignment node 42 as shown includes one or more interfaces 44
configured to communicatively couple the wavelength assignment node 42 to client
nodes 20 via one or more intermediate nodes (not shown). The wavelength assignment
node 42 further includes one or more processing circuits 46. As shown, these one or
more processing circuits 46 comprise an assignment controller 48.

The assignment controller 48 is configured to obtain assignment constraint
information that indicates different fixed bands of wavelength channels associated with
different access subnetwork nodes 16. In some embodiments, the controller 48 obtains
this constraint information from memory 50. In other embodiments, though, the
controller 48 obtains the information by receiving it from another node in the network
10, with or without further processing of the information received. In any event, the
controller 48 is configured to dynamically assign wavelength channels to client nodes
20 in accordance with the obtained constraint information. Specifically, the controller
48 is configured to dynamically assign wavelength channels to client nodes 20 by

constraining the possible wavelength channels assignable to any given client node 20 to
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the fixed band of wavelength channels that is associated with the access subnetwork
node 16 to which the client node 20 is connected. The controller 48 then transmits these
channel assignments to the client nodes 20 via the one or more interfaces 44.

Accordingly, rather assigning wavelength channels to client nodes 20 with
unlimited flexibility, the wavelength assignment node 42 assigns channels to client
nodes 20 with flexibility that is constrained by the fixed bands that respective access
subnetwork nodes 16 selectively drop and add. For example, in assigning a wavelength
channel to a particular client node 20 connected to a particular access subnetwork node
16, the wavelength assignment node 42 constrains the possible wavelength channels
assignable to that particular client node 20 to the wavelength channels within the fixed
band that the particular access subnetwork node 16 drops and adds, rather than flexibly
considering any wavelength channel within any fixed band to be assignable to the client
node 20.

Figures 4A-4B illustrate a simple example of the above in the context of
embodiments where the access subnetwork 14-k is an access subnetwork ring. As
shown, the access subnetwork ring 14-k is formed from four access subnetwork nodes
16-1, 16-2, 16-3, and 16-4. Access subnetwork node 16-1 connects a first set 52A of
client nodes 20 to the access subnetwork ring 14-k. In doing so, access subnetwork
node 16-1 is configured to selectively drop a fixed band A of wavelength channels to
cach client node 20 in this first set 52A and to selectively add the fixed band A to the
access subnetwork ring 14-k, as received from the client nodes 20 in the first set 52A.
Similarly, access subnetwork 16-2 connects a second set 52B of client nodes 20 and is
configured to selectively drop and add a fixed band B, access subnetwork node 16-3
connects a third set 52C of client nodes 20 and is configured to selectively drop and add
a fixed band C, and access subnetwork node 16-4 connects a fourth set 52D of client
nodes 20 and is configured to selectively drop and add a fixed band D.

With the ring 14-k configured in this way, the wavelength assignment node 42
obtains constraint information indicating that fixed band A is associated with node 16-
1, fixed band B is associated with node 16-2, fixed band C is associated with node 16-
3, and fixed band D is associated with node 16-4. In accordance with this constraint
information, the wavelength assignment node 42 constrains the possible channels

assignable to client nodes 20 in the first set 5S2A to the channels within fixed band A,
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constrains the possible channels assignable to client nodes 20 in the second set 52B to
the channels within fixed band B, constrains the possible channels assignable to client
nodes 20 in the third set 52C to the channels within fixed band C, and constrains the
possible channels assignable to client nodes 20 in the fourth set 52D to the channels
within fixed band D. With the possible channels assignable constrained in this way,
though, the wavelength assignment node 42 otherwise flexibly assigns wavelength
channels to the client nodes 20. As shown in Figure 4B, for instance, the wavelength
assignment node 42 dynamically assigns or re-assigns any given channel 1-5 within the
fourth band D to any given client node 20 in the fourth set 52D, e.g., by assigning
channel 1 to one client node 20, assigning channel 2 to another client node 20, and so
on. Assigned a particular, client-specific channel in this way, a client node 20 may
transmit and/or receive information over that channel. As illustrated in Figure 4B, a
client node 20 reuses an assigned wavelength channel for both transmission and
reception, e.g., according to inverse return to zero / return to zero (IRZ/RZ) wavelength
re-use. See, for instance, Presi et al, "A 80 km reach fully passive WDM-PON based on
reflective ONUs", Optics Express, vol. 16, no. 23, pp 19043-19048, 10 Nov. 2008.

In one or more embodiments, the head-end transmits traffic to a client node 20
over a wavelength channel assigned to the client node 20, based on knowledge of the
fixed band associated with the access subnetwork node 16 to which the client node 20
is connected. Specifically, in some embodiments, the head-end transmits traffic to the
client node 20 using coarse wavelength tuning to address the access subnetwork node
16 to which the client node 20 is connected. In one embodiment, for instance, the head-
end employs a tunable laser for such addressing, as well as for ensuring channels within
a fixed band are separable..

Regardless, in at least some embodiemnts, a wavelength cross-connect 24 via
which the wavelength channels are transmitted resiliently routes those wavelength
channels to protect against the failure of nodes 16 or optical fibers 18 forming the
subnetwork ring 14-k. In one embodiment, for example, the cross-connect 24
dynamically switches between adding a wavelength channel onto one arm of the ring
14-k (e.g., in the clockwise direction) and adding the channel onto the other arm of the
ring 14-k (e.g., in the counter-clockwise direction), responsive to failure of a node 16 or

fiber 18. Similarly, the cross-connect 24 dynamically switches between listening for a
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wavelength channel from one arm of the ring 14-k and listening for the channel from
the other arm of the ring 14-k, responsive to such failure.

Correspondingly, in such embodiments the one or more add-drop modules 30 of
any given access subnetwork node 16 are configured to resiliently drop the node’s
respective fixed band from either arm of the ring 14-k (depending on the arm to which
the cross-connect 24 added that fixed band) to each connected client node 20. Because
the one or more modules 30 are configured to drop the fixed band from either arm of
the ring, the module(s) 30 may receive that fixed band over a different arm in the event
of'a fiber 18 or node 16 failure on the other arm. Likewise, those one or more add-drop
modules 30 are configured to resiliently add the fixed band to both arms of the ring 14-
k, so that the cross-connect 24 can dynamically select from which arm to receive the
fixed band. This way, the module(s) 30 proactively guard against a fiber 18 or node 16
failure on one arm preventing the transport of the fixed band.

Figure 5 depicts an access subnetwork node 16 according to one example of
these embodiments where the ring 14-k is formed from a ring of bidirectional optical
fiber 18. As shown in Figure 5, the access subnetwork node 16 comprises a single
add-drop module 30, which includes one or more passive optical filters 32. This single
add-drop module 30 is configured to resiliently drop a fixed band from either arm 18-1,
18-2 of the ring 14-k, via a 2:N passive directional coupler 34, to each of multiple client
nodes 20. That is, regardless of from which arm 18-1, 18-2 the module 30 receives the
fixed band, the module 30 drops that band to each of the client nodes 20 and thereby
facilitates resilience against the failure of fiber 18 and nodes 16. The single add-drop
module 30 is also configured to resiliently add the fixed band to both arms 18-1, 18-2
of the ring 14-k. In doing so, the module 30 is configured to add the fixed band via the
same 2:N passive directional coupler 34 as that via which the module 30 drops the
fixed band. That is, the module 30 drops the fixed band to client nodes 20 via coupler
34, and also receives the fixed band for addition from the client nodes 20 via coupler
34. Correspondingly, the transmitter 38 of any given client node 20 actively selects to
transmit a client-specific channel within the fixed band to the access subnetwork node
16 via the same passive directional coupler 34 as that via which the client node 20 is
dropped the fixed band.

In at least some embodiments, this single add-drop module 30 comprises a



WO 2013/186677 PCT/IB2013/054675

10

15

20

25

30

12

4-port bandpass filter (BPF) 56 as shown in Figure 6A. The 4-port filter 56 has two
ring-side ports P1, P2 connected to different arms 18-1, 18-2 of the access subnetwork
ring 14-k. The filter 56 also has two client-side ports P3, P4 connected to the 2 ports of
the 2:N passive directional coupler 34. Connected in this way, the 4-port filter 56 maps
ports P1 and P3 together, and maps ports P2 and P4 together, meaning that ports P1 and
P3 correspond to arm 18-1 of the ring 14-k while ports P2 and P4 correspond to arm
18-2 of the ring 14-k. When the filter 56 receives the fixed band over arm 18-1 at port
P1, the filter 56 selectively drops that fixed band to port P3. Likewise, when the filter
56 receives the fixed band over arm 18-2 at port P2, the filter selectively drops that
fixed band to port P4. The filter 56 operates in an analogous manner for adding the
fixed band from ports P3 and P4 to respective ports P1 and P2.

Figure 6B illustrates this 4-port filter 56 according to one or more embodiments.
As shown in Figure 6B, the filter 56 comprises a dual-fiber collimator 58 (which in one
example uses a GRIN lens) on each side of a thin film filter 60. The different input
ports P1 and P3 of the different collimators 58 are connected to different arms 18-1 and
18-2 of the ring 14-k, while the different reflected ports P2 and P4 of the different
collimators 58 are connected to the 2:N passive directional coupler 34.

In other embodiments, such as those shown in Figure 7A, the single add-drop
module 30 comprises a pair of 3-port passive optical filters 62-1 and 62-2. The different
filters 62-1 and 62-2 in the pair each have one ring-side port P1 connected to different
arms 18-1, 18-2 of the ring 14-k, one port client-side P2 connected to the 2:N passive
directional coupler 34, and one pass port P3 connected to the other filter in the pair.

Figure 7B illustrates additional details of this pair of filters 62-1 and 62-2
according to one or more embodiments. As shown in Figure 7B, each 3-port filter 62-1,
62-2 comprises a dual-fiber collimator 64 on one side of a thin film filter 66, and a
single-fiber collimator 68 on the other side of the thin film filter 66. The different input
ports P1 of the different dual-fiber collimators 64 are connected to different arms 18-1,
18-2 of the ring 14-k, while the different reflected ports P2 of the different dual-fiber
collimators 64 are connected to the 2:N passive directional coupler 34. The single-fiber
collimators 68 are connected together at the different pass ports P3 of the 3-port filters
62-1, 62-2.

Contrasted with Figure 5, Figure 8 illustrates an access subnetwork node 16
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according to a different example of embodiments where the node 16 resiliently adds
and drops the fixed band and where the ring 14-k is formed from first and second rings
18A, 18B of unidirectional optical fiber 18. As shown in Figure 8, the first ring 18A
transports wavelength channels in the counter-clockwise direction, while the second
ring 18B transports wavelength channels in the clockwise direction. With the rings
18A, 18B configured in this way, the access subnetwork node 16 comprises two
different add-drop modules 30-1, 30-2 rather than just a single add-drop module 30.
Each of these different add-drop modules 30-1, 30-2 includes one or more passive
optical filters 32. Add-drop module 30-1 controls selective addition and dropping for
the first ring 18A, while add-drop module 30-2 controls selective addition and dropping
for the second ring 18B

In cooperation, add-drop modules 30-1 and 30-2 are configured to resiliently
drop the fixed band from either arm 18-1, 18-2 of the ring 14-k, via two 2:N passive
directional couplers 34-1 and 34-2, to each of multiple client nodes 20. The modules
30-1 and 30-2 are also configured to resiliently add the fixed band to both arms 18-1,
18-2 of the ring 14-k. In doing so, the modules 30-1 and 30-2 are configured to add the
fixed band via a different 2:N passive directional coupler 34-1, 34-2 than the 2:N
coupler 34-2, 34-1 via which the modules 30 drop the fixed band. As shown, for
example, the modules 30-1, 30-2 drop the fixed band to client nodes 20 via coupler 34-
1, and receive the fixed band for addition from the client nodes 20 via coupler 34-2.
Correspondingly, the transmitter 38 of any given client node 20 actively selects to
transmit a client-specific channel within the fixed band to the access subnetwork node
16 via a different passive directional coupler 34-1, 34-2 than the coupler 34-2, 34-1 via
which the client node 20 is dropped the fixed band.

More particularly, add-drop module 30-1 is configured to selectively drop the
fixed band from the first ring 18A, via passive directional coupler 34-1, to each of the
multiple client nodes 20. Add-drop module 30-1 is also configured to selectively add
the fixed band to the first ring 18A, as received via passive directional coupler 34-2.
Similarly, add-drop module 30-2 is configured to selectively drop the fixed band from
the second ring 18B, via passive directional coupler 34-1, to each of the multiple client
nodes 20, and to selectively add the fixed band to the second ring 18B, as received via

the second passive directional coupler 34-2.
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In at least some embodiments, ¢ither or both of the add-drop modules 30-1 and
30-2 are implemented as described above with respect to Figures 6A-6B and/or Figures
7A-7B. That is, either or both of modules 30-1 and 30-2 may be implemented as a 4-
port bandpass filter or a pair of 3-port filters. However, rather than both ring-side ports
of a module 30-1, 30-2 being connected to both ports of the same 2:N coupler 34,
different ring-side ports of the module are connected to different 2:N couplers 34-1, 34-
2 as shown in Figure 8.

More particularly, where both modules 30-1 and 30-2 are implemented as 4-port
bandpass filters, the fixed band is received from either arm 18-1, 18-2 of the access
subnetwork ring 14-k at a downlink ring-side port of either of the 4-port filters. The
fixed band is then output at a respective downlink client-side port of that 4-port filter
connected to couplers 34-1, 34-2. Similarly, the fixed band is received, via couplers 34-
1, 34-2, at uplink client-side ports of both 4-port filters. The fixed band is then output at
uplink ring-side ports of both 4-port filters.

Conversely, where both modules 30-1 and 30-2 are each implemented as a pair
of 3-port filters, each pair includes a downlink 3-port filter and an uplink 3-port filter.
The fixed band is received from either arm 18-1, 18-2 of the access subnetwork at a
downlink ring-side port of either downlink 3-port filter. The fixed band is then output at
a client-side port of that downlink 3-port filter, and other bands are passed out a pass
port of the downlink 3-port filter to the uplink 3-port filter in the pair. Similarly, the
fixed band is received at the client-side ports of both uplink 3-port filters and output at
the ring-side ports of both uplink 3-port filters.

Those skilled in the art will understand that no particular type of wavelength
division multiplexing (WDM) is required to practice the above embodiments. Thus, the
embodiments may employ coarse WDM, dense WDM, or ultra-dense WDM. In one
embodiment, for instance, the embodiments utilize 10 bands of 3nm in a 32nm range,
meaning that there is around 2nm or 250GHz available for wavelength channels
(assuming 1nm guard bands between wavelength bands). With 25 GHz channel
spacing, each access subnetwork node 16 would selectively drop and add a fixed band
of 8 wavelength channels.

Those skilled in the art will also appreciate that no particular type of modulation

scheme is required to practice the above embodiments. Some embodiments, for
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example, employ a wavelength-reuse-based modulation scheme (e.g., an IRZ / RZ
modulation scheme as noted above), whereby the same wavelength channel is used by a
client node 20 for both transmission and reception. In this and other cases, the client
node’s receiver 36 in at least one embodiment comprises a tunable selection filter
configured to perform the active selection described above.

Other embodiments, by contrast, employ a coherent modulation scheme. In one
embodiment, for example, the client node’s receiver 36 is a coherent optical receiver. In
this case, the coherent optical receiver comprises an optical local oscillator configured
to perform the active selection described above, such that the active selection or
filtering is implemented as an integral part of the receiver processing. In one
embodiment, integrated photonics and silicon photonics are used for realizing a cost-
effective implementation of such a receiver. Regardless, in at least one embodiment,
the client node’s transmitter 38 is correspondingly configured to transmit a client-
specific channel with light from the optical local oscillator. This advantageously
provides automatic wavelength tracking of uplink and downlink. Moreover,
embodiments based on such a coherent modulation scheme prove advantageous in the
sense that they have a high power budget and allow for a greater number of wavelength
channels within any given band or a greater number of access subnetwork nodes 16
within an access subnetwork 14.

In view of the above modifications and variations, those skilled in the art will
appreciate that an access subnetwork node 16 herein generally performs the processing
shown in Figure 9. As shown in Figure 9, processing includes selectively dropping a
fixed band of wavelength channels from an access subnetwork 14, via a passive
directional coupler 34, to each of multiple client nodes 20 that actively select to receive
client-specific channels within the fixed band (Block 100). Processing further entails
selectively adding the fixed band of wavelength channels to the access subnetwork 14,
as received via a passive directional coupler 34 from the multiple client nodes 20 that
actively select to transmit client-specific channels within the fixed band (Block 110).

Those skilled in the art will also appreciate that a client node 20 herein
generally performs corresponding processing shown in Figure 10. As depicted in Figure
10, such processing includes actively selecting to receive a client-specific channel

within a fixed band of wavelength channels that an access subnetwork node 16



WO 2013/186677 PCT/IB2013/054675

10

15

20

16

selectively drops from an access subnetwork 14, via a passive directional coupler 34, to
the client node 20 (Block 200). Processing further entails actively selecting to transmit
a client-specific channel within the fixed band, via a passive directional coupler 34, to
the access subnetwork node 16 for selective addition of the fixed band to the access
subnetwork 14 (Block 200).

Finally, those skilled in the art will appreciate that a wavelength assignment
node herein generally performs the processing shown in Figure 11. As shown in Figure
11, processing includes obtaining assignment constraint information that indicates
different fixed bands of wavelength channels associated with different access
subnetwork nodes 16 (Block 300). Processing also includes dynamically assigning
wavelength channels to client nodes 20 by constraining the possible wavelength
channels assignable to any given client node 20 to the fixed band of wavelength
channels that is associated with the access subnetwork node 16 to which the client node
20 is connected (Block 310). Finally, processing entails transmitting channel
assignments to the client nodes 20 via one or more intermediate nodes (Block 320).

Thus, those skilled in the art will recognize that the present invention may be
carried out in other ways than those specifically set forth herein without departing from
essential characteristics of the invention. The present embodiments are thus to be
considered in all respects as illustrative and not restrictive, and all changes coming
within the meaning and equivalency range of the appended claims are intended to be

embraced therein.
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CLAIMS
What is claimed is:
1. An access subnetwork node (16) comprising one or more add-drop modules

(30), each including one or more passive optical filters (32), wherein the one or more
add-drop modules (30) are configured to:
selectively drop a fixed band of wavelength channels from an access
subnetwork (14), via a passive directional coupler (34), to each of
multiple client nodes (20) that actively select to receive client-specific
channels within the fixed band; and
selectively add the fixed band of wavelength channels to the access subnetwork
(14), as received via a passive directional coupler (34) from the multiple
client nodes (20) that actively select to transmit client-specific channels

within the fixed band.

2. The access subnetwork node of claim 1, wherein the access subnetwork (14)
comprises an access subnetwork ring, and wherein the one or more add-drop modules
(30) are configured to:
resiliently drop the fixed band from either arm of the access subnetwork ring to
each of said client nodes (20); and

resiliently add the fixed band to both arms of the access subnetwork ring.

3. The access subnetwork node of claim 2, wherein each add-drop module (30)
comprises a 4-port passive optical filter (56) having two ports (P1, P2) connected to
different arms of the access subnetwork ring and two ports (P3, P4) connected to the

one or more passive directional couplers (34).

4, The access subnetwork node of claim 2, wherein each add-drop module (30)
comprises a pair of 3-port passive optical filters (62-1, 62-2) having one port (P1)
connected to different arms of the access subnetwork ring, one port (P3) connected to
the other filter in the pair, and one port (P2) connected to the one or more passive

directional couplers (34).
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5. The access subnetwork node of any of claims 2-4, wherein the access
subnetwork ring comprises a bidirectional ring formed from first and second rings of
unidirectional optical fiber, and wherein the access subnetwork node (16) comprises:

a first add-drop module (30-1) configured to selectively drop the fixed band
from the first ring, via a first one (34-1) of the passive directional
couplers, to each of said client nodes (20) and selectively add the fixed
band to the first ring as received via a second one (34-2) of the passive
directional couplers; and

a second add-drop module (30-2) configured to selectively drop the fixed band
from the second ring, via the first coupler (34-1), to each of said client
nodes (20) and selectively add the fixed band to the second ring via the
second coupler (34-2).

6. The access subnetwork node of any of claims 1-4, wherein the one or more add-
drop modules (30) comprise a single add-drop module configured to selectively drop

and add the fixed band via the same passive directional coupler (34).

7. The access subnetwork node of any of claims 1-5, wherein the one or more add-
drop modules (30) comprise multiple add-drop modules (30-1, 30-2) that are each
configured to selectively drop and add the fixed band via different passive directional

couplers (34-1, 34-2).

8. The access subnetwork node of any of claims 1-7, further comprising the one or

more passive directional couplers (30).

9. A method implemented by an access subnetwork node (16) comprising one or

more add-drop modules (30) that each include one or more passive optical filters (32),
wherein the method comprises:

selectively dropping a fixed band of wavelength channels from an access

subnetwork (14), via a passive directional coupler (34), to each of

multiple client nodes (20) that actively select to receive client-specific

channels within the fixed band; and
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selectively adding the fixed band of wavelength channels to the access
subnetwork (14), as received via a passive directional coupler (34) from
the multiple client nodes (20) that actively select to transmit client-

specific channels within the fixed band.

10.  The method of claim 9, wherein the access subnetwork (14) comprises an
access subnetwork ring, and said dropping and adding comprises:
resiliently dropping the fixed band from either arm of the access subnetwork
ring to each of said client nodes (20); and

resiliently adding the fixed band to both arms of the access subnetwork ring.

11.  The method of claim 10, wherein the access subnetwork node (16) comprises a
single add-drop module (30) that includes a 4-port passive optical filter (56), wherein
said resiliently dropping comprises receiving the fixed band from either arm of the
access subnetwork ring at either one of two different ring-side ports (P1, P2) of the 4-
port filter (56) and outputting that fixed band at a respective one of two client-side ports
(P3, P4) of the 4-port filter (56) connected to the one or more passive directional
couplers (34), and wherein said resiliently adding comprises receiving the fixed band,
via the one or more passive directional couplers (34), at both of the client-side ports

(P3, P4) and outputting that fixed band at both of the ring-side ports (P1, P2).

12. The method of claim 10, wherein the access subnetwork node comprises a first
add-drop module (30-1) that includes a first 4-port passive optical filter (56) and a
second add-drop module (30-2) that includes a second 4-port passive optical filter (56),
wherein said resiliently dropping comprises receiving the fixed band from either arm of
the access subnetwork ring at a downlink ring-side port (P1, P2) of either of the first
and second 4-port filters (30-1, 30-2) and outputting that fixed band at a respective
downlink client-side port (P3, P4) of that 4-port filter (30-1, 30-2) connected to the one
or more passive directional couplers (34), and wherein said resiliently adding comprises
receiving the fixed band, via the one or more passive directional couplers (34), at
uplink client-side ports (P4, P3) of both the first and second 4-port filters (30-1, 30-2)
and outputting that fixed band at uplink ring-side ports (P2, P1) of both the first and
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second 4-port filters (30-1, 30-2).

13.  The method of claim 10, wherein the access subnetwork node (16) comprises a
single add-drop module (30) that includes a pair of 3-port passive optical filters (62-1,
62-2), wherein said resiliently dropping comprises receiving the fixed band from either
arm of the access subnetwork at a ring-side port (P1) of either 3-port filter (62-1, 62-2),
outputting that fixed band at a client-side port (P2) of the respective 3-port filter (62-1,
62-2), and passing other bands of wavelength channels out a pass port (P3) of the
respective 3-port filter (62-1, 62-2) to the other 3-port filter (62-1, 62-2) in the pair, and
wherein said resiliently adding comprises receiving the fixed band at the client-side
ports (P2) of both 3-port filters (62-1, 62-2) and outputting that fixed band at the ring-
side ports (P1) of both 3-port filters (62-1, 62-2).

14, The method of claim 10, wherein the access subnetwork node comprises a first
add-drop module (30-1) that includes a first pair of 3-port passive optical filters (62-1,
62-2) and a second add-drop module (30-2) that includes a second pair of 3-port
passive optical filters (62-1, 62-2), each pair including a downlink 3-port filter (62-1,
62-2) and an uplink 3-port filter (62-2, 62-1), wherein said resiliently dropping
comprises receiving the fixed band from ecither arm of the access subnetwork at a
downlink ring-side port (P1) of either downlink 3-port filter (62-1, 62-2), outputting
that fixed band at a client-side port (P2) of that downlink 3-port filter (62-1, 62-2), and
passing other bands of wavelength channels out a pass port (P3) of that downlink 3-port
filter (62-1, 62-2) to the uplink 3-port filter (62-2, 62-1) in the pair, and wherein said
resiliently adding comprises receiving the fixed band at the client-side ports (P2) of
both uplink 3-port filters (62-2, 62-1) and outputting that fixed band at the ring-side
ports (P2) of both uplink 3-port filters (62-2, 62-1).

15. The method of any of claims 10, 12, and 14, wherein the access subnetwork
ring comprises a bidirectional ring formed from first and second rings of unidirectional
optical fiber, and wherein said selectively dropping and adding comprises:

using a first add-drop module (30-1) to selectively drop the fixed band from the

first ring, via a first one (34-1) of the passive directional couplers, to
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each of said client nodes (20) and selectively add the fixed band to the
first ring as received via a second one (34-2) of the passive directional
couplers; and

using a second add-drop module (30-2) to selectively drop the fixed band from
the second ring, via the first coupler (34-1), to each of said client nodes
(20) and selectively add the fixed band to the second ring via the second
coupler (34-2).

16.  The method of any of claims 9-11 and 13, wherein said selectively dropping and
adding comprises using a single add-drop module (30) to selectively drop and add the

fixed band via the same passive directional coupler (34).

17. The method of any of claims 9-10, 12, and 14-15, wherein said selectively
dropping and adding comprises using multiple add-drop modules (30-1, 30-1) to
selectively drop and add the fixed band via different passive directional couplers (34-1,

34-2).

18. A client node (20) comprising:

a receiver (36) configured to actively select to receive a client-specific channel
within a fixed band of wavelength channels that an access subnetwork
node (16) selectively drops from an access subnetwork (14), via a
passive directional coupler (34), to the client node (20); and

a transmitter (38) configured to actively select to transmit a client-specific
channel within the fixed band, via a passive directional coupler (34), to
the access subnetwork node (16) for selective addition of the fixed band

to the access subnetwork (14).

19. The client node of claim 18, wherein the transmitter (38) is configured to
actively select to transmit a client-specific channel to the access subnetwork node (16)
via the same passive directional coupler (34) as that via which the client node (20) is

dropped the fixed band.
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20. The client node of claim 18, wherein the transmitter (38) is configured to
actively select to transmit a client-specific channel to the access subnetwork node (16)
via a different passive directional coupler (34-2) than that (34-1) via which the client
node (20) is dropped the fixed band.

21.  The client node of claim 20, wherein the access subnetwork (14) comprises a
bidirectional access ring formed from first and second rings of unidirectional optical
fiber, and wherein the transmitter (38) is configured to transmit a client-specific
channel onto the first and second rings via a first one (34-2) of the different passive
directional couplers, and wherein the client node (20) is selectively dropped the fixed
band from either the first or second ring via a second one (34-1) of the different passive

directional couplers.

22.  The client node of any of claims 18-21, wherein the receiver (36) is a coherent
optical receiver comprising an optical local oscillator configured to perform said active
selection, and wherein the transmitter (38) is configured to transmit a client-specific

channel with light from said optical local oscillator.

23.  The client node of any of claims 18-21, wherein the receiver (36) comprises a

tunable selection filter configured to perform said active selection.

24. A method implemented by a client node (20), comprising:
actively selecting to receive a client-specific channel within a fixed band of
wavelength channels that an access subnetwork node (16) selectively
drops from an access subnetwork (14), via a passive directional coupler
(34), to the client node (20); and
actively selecting to transmit a client-specific channel within the fixed band, via
a passive directional coupler (34), to the access subnetwork node (16)

for selective addition of the fixed band to the access subnetwork (14).

25.  The method of claim 24, comprising transmitting a client-specific channel to the

access subnetwork node (16) via the same passive directional coupler (34) as that via



WO 2013/186677 PCT/IB2013/054675

10

15

20

25

30

23

which the client node (20) is dropped the fixed band.

26.  The method of claim 24, comprising transmitting a client-specific channel to the
access subnetwork node (16) via a different passive directional coupler (34-2) than that

(34-1) via which the client node (20) is dropped the fixed band.

27.  The method of claim 26, wherein the access subnetwork (14) comprises a
bidirectional access ring formed from first and second rings of unidirectional optical
fiber, and wherein the method comprises transmitting a client-specific channel onto the
first and second rings via a first one (34-2) of the different passive directional couplers,
and wherein the client node (20) is selectively dropped the fixed band from cither the

first or second ring via a second one (34-1) of the different passive directional couplers.

28.  The method of any of claims 24-27, comprising coherently receiving a client-
specific channel with an optical local oscillator that performs said active selection, and

transmitting a client-specific channel with light from said optical local oscillator.

29. The method of any of claims 24-27, wherein said actively selecting is

performed with a tunable selection filter.

30. A wavelength assignment node (42) comprising:
one or more interfaces (44) configured to communicatively couple the
wavelength assignment node (42) to client nodes (20) directly or
indirectly via one or more intermediate nodes; and
an assignment controller (48) configured to:
obtain assignment constraint information that indicates different fixed
bands of wavelength channels associated with different access
subnetwork nodes (16);
dynamically assign wavelength channels to client nodes (20) by
constraining the possible wavelength channels assignable to any
given client node (20) to the fixed band of wavelength channels

that is associated with the access subnetwork node (16) to which
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the client node (20) is connected; and
transmit channel assignments to the client nodes (20) via the one or

more interfaces (44).

5 31 A method of assigning wavelength channels to client nodes (20), comprising:
obtaining assignment constraint information that indicates different
fixed bands of wavelength channels associated with different
access subnetwork nodes (16);
dynamically assigning wavelength channels to client nodes (20) by
10 constraining the possible wavelength channels assignable to any
given client node (20) to the fixed band of wavelength channels
that is associated with the access subnetwork node (16) to which
the client node (20) is connected; and
transmitting channel assignments to the client nodes (20) directly or

15 indirectly via one or more intermediate nodes.
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