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MULTI-POINT CONTROL PROTOCOL PROXY ARCHITECTURE IN A NETWORK WITH
OPTICAL AND COAXIAL DOMAINS

TECHNICAL FIELD

[0001] The present embodiments relate generally to communication systems, and

specifically to communication systems with both optical fiber links and coaxial cable (“coax”) links.

BACKGROUND OF RELATED ART

[0002] A network may use both optical fiber and coaxial cable for respective links. For
example, the portions of the network that use optical fiber may be implemented using the Ethernet
Passive Optical Networks (EPON) protocol, and the EPON protocol may be extended over coaxial
cable plants. EPON over coax is called EPoC. The optical fiber part of the network can
potentially support a higher data rate than the coax part of the network. Also, different coax parts

of the network (e.g., different cable plants) may have different maximum data rates.

[0003] In view of these different data rates, there is a need for coordinating resource

allocation between the optical fiber and coax parts of the network.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present embodiments are illustrated by way of example and are not intended to

be limited by the figures of the accompanying drawings.

[0005] FIG. 1 is a block diagram of a network that includes both optical fiber links and coax

links in accordance with some embodiments.

[0006] FIG. 2 is a block diagram of a portion of the network of FIG. 1 in which an optical-
coax unit is used to implement a multi-point control protocol (MPCP) proxy architecture in

accordance with some embodiments.

[0007] FIG. 3 illustrates a protocol stack for an MPCP proxy architecture such as in the

network of FIG. 2 in accordance with some embodiments.

[0008] FIG. 4A illustrates an auto-discovery and registration sequence for the networks of

FIGS. 1-3 in accordance with some embodiments.

[0009] FIG. 4B illustrates a round-trip-time measurement in the coax domain in accordance

with some embodiments.
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[0010] FIG. 5A is a block diagram of an example of a network that includes both optical fiber
links and coax links and has an MPCP proxy architecture in accordance with some embodiments.

[0011] FIG. 5B is a more detailed block diagram of the network of FIG. 5A.

[0012] FIG. 6A is a block diagram of another example of a network that includes both
optical fiber links and coax links and has an MPCP proxy architecture in accordance with some

embodiments.
[0013] FIG. 6B is a more detailed block diagram of the network of FIG. 6A.

[0014] FIG. 7A illustrates downstream traffic management in an MPCP proxy architecture
such as in the network of FIGS. 2 and 3 in accordance with some embodiments.

[0015] FIG. 7B illustrates upstream dynamic bandwidth allocation in an MPCP proxy
architecture such as in the network of FIGS. 2 and 3 in accordance with some embodiments.

[0016] FIG. 8 is a flowchart showing a method of operating an optical-coax unit in

accordance with some embodiments.

[0017] FIG. 9A is a block diagram of an optical-coax unit in accordance with some

embodiments.

[0018] FIG. 9B is a block diagram of a coax network unit in accordance with scme

embodiments.

[0019] Like reference numerals refer to corresponding parts throughout the drawings and

specification.

DETAILED DESCRIPTION

[0020] Embodiments are disclosed in which an optical-coax unit (OCU) includes proxy

entities corresponding to respective coax network units (CNUs) to which the OCU is coupled.

[0021] In some embodiments, a method performed at an OCU includes broadcasting a first
discovery message to a plurality of CNUs. In response to the first discovery message, a first
registration request is received from a first CNU of the plurality of CNUs. In response to the first
registration request, a proxy entity corresponding to the first CNU is created. A second discovery
message is received from an optical line terminal (OLT); in response, a second registration
request is transmitted to the OLT requesting registration of the proxy entity with the OLT.

[0022] In some embodiments, an OCU includes a coax physical layer device to be coupled
to a plurality of CNUs and an optical physical layer device to be coupled to an OLT. The OCU
also includes one or more processors and memory storing one or more programs configured to be

executed by the one or more processors. The one or more programs include instructions to
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broadcast discovery messages to the plurality of CNUs and instructions to create proxy entities
corresponding to respective CNUs in response to registration requests from the respective CNUSs.
The registration requests are received from the respective CNUs in response to the broadcasted
discovery messages. The one or more programs also include instructions to transmit registration
requests to the OLT requesting registration of the proxy entities with the OLT, in response to

discovery messages received from the OLT.

[0023] In some embodiments, a non-transitory computer-readable storage medium stores
one or more programs configured to be executed by one or more processors of an OCU. The one
or more programs include instructions to broadcast discovery messages to a plurality of CNUs and
instructions to create proxy entities corresponding to respective CNUs in response to registration
requests from the respective CNUs. The registration requests are received from the respective
CNUs in response to the broadcasted discovery messages. The one or more programs also
include instructions to transmit registration requests to an OLT requesting registration of the proxy
entities with the OLT, in response to discovery messages received from the OLT.

[0024] In the following description, numerous specific details are set forth such as examples
of specific components, circuits, and processes to provide a thorough understanding of the
present disclosure. Also, in the following description and for purposes of explanation, specific
nomenclature is set forth to provide a thorough understanding of the present embodiments.
However, it will be apparent to one skilled in the art that these specific details may not be required
to practice the present embodiments. In other instances, well-known circuits and devices are
shown in block diagram form to avoid obscuring the present disclosure. The term “coupled’ as
used herein means connected directly to or connected through one or more intervening
components or circuits. Any of the signals provided over various buses described herein may be
time-multiplexed with other signals and provided over one or more common buses. Additionally,
the interconnection between circuit elements or software blocks may be shown as buses or as
single signal lines. Each of the buses may alternatively be a single signal line, and each of the
single signal lines may alternatively be buses, and a single line or bus might represent any one or
more of a myriad of physical or logical mechanisms for communication between components. The
present embodiments are not to be construed as limited to specific examples described herein but
rather to include within their scope all embodiments defined by the appended claims.

[0025] FIG. 1 is a block diagram of a network 100 that includes both optical fiber links and

coax links in accordance with some embodiments. The network 100 includes an optical line

terminal (OLT) 110 (which may also be referred to as an optical link terminal) coupled to a plurality

of optical network units (ONUs) 120-1 and 120-2 via respective optical fiber links. The OLT 110

also is coupled to a plurality of optical-coax units (OCUs) 130-1 and 130-2 via respective optical

fiber links. The OCUs 130-1 and 130-2, which may also be referred to as fiber-coax units (FCUs),
3
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media converters, or coax media converters (CMCs), convert downstream optical signals from the
OLT 110 into electrical signals and transmit the electrical signals downstream to coax network
units (CNUs) via respective coax links. In the example of FIG. 1, a first OCU 130-1 transmits
converted signals to CNUs 140-1 and 140-2, and a second OCU 130-2 transmits converted
signals to CNUs 140-3, 140-4, and 140-5. The OCUs 130-1 and 130-2 also convert upstream
electrical signals from respective ones of the CNUs 140-1 through 140-5 into optical signals and
transmit the optical signals upstream to the OLT 110. The coax links coupling the first OCU 130-1
to CNUs 140-1 and 140-2 compose a first cable plant 150-1. The coax links coupling the second
OCU 130-2 to CNUs 140-3 through 140-5 compose a second cable plant 150-2. In some
embodiments, the OLT 110, ONUs 120-1 and 120-2, and OCUs 130-1 and 130-2 are implemented
in accordance with the Ethernet Passive Optical Network (EPON) protocol. In some
embodiments, the OLT 110 transmits optical signals using time-domain multiplexing (TDM), such
that different time slots are used to transmit packets addressed to different network elements.

[0026] In some embodiments, the OLT 110 is located at the network operator’s headend,
the ONUs 120 and CNUs 140 are located at the premises of respective users, and the OCUs 130
are located at the headends of respective cable plant operators. Alternatively, OCUs 130 may be
located within cable plants.

[0027] In some embodiments, each ONU 120 (e.g., each of the ONUs 120-1 and 120-2)
and each OCU 130 (e.g., each of the OCUs 130-1 and 130-2) in the network 100 receives data at
the same data rate. The ONUs 120 and OCUs 130 each receive all of the packets transmitted by
the OLT 110. For unicast transmissions, each ONU 120 receives every packet transmitted by the
OLT 110, but selects only the packets addressed to it, and discards all packets that are not
addressed to it.

[0028] For unicast transmissions, the OCUs 130 also receive every packet transmitted by
the OLT 110, but filter out the packets not addressed to CNUs 140 in their respective cable plants
150. For example, the OCU 130-1 receives every packet transmitted by the OLT 110 but forwards
only those packets addressed to the CNUs 140-1 and 140-2 in the cable plant 150-1. The OCU
130-1 forwards each packet addressed to one of the CNUs 140-1 and 140-2 in the cable plant
150-1 to every CNU 140-1 and 140-2 in the cable plant 150-1. Each CNU 140-1 and 140-2
selects the packets addressed to it and discards other packets. The OCU 130-2 and CNUs 140-3
through 140-5 in the cable plant 150-2 function similarly.

[0029] In some embodiments, the network 100 is implemented using a multi-point control
protocol (MPCP) proxy architecture, in which proxy entities for various network elements (e.g., the
OLT 110 and various CNUs 140) are implemented in each OCU 130-1 and 130-2.



WO 2013/134428 PCT/US2013/029448

[0030] FIG. 2 is a block diagram of network 200 that is an example of a portion of the
network 100 (FIG. 1). The network 200 includes an OCU 130 (e.g., OCU 130-1 or 130-2, FIG. 1)
used to implement an MPCP proxy architecture in accordance with some embodiments. The OCU
130 includes an instantiation (i.e., an implementation) of a virtual ONU 202 and an instantiation
(i.e., an implementation) of a virtual coax line terminal (CLT) 204. The virtual ONU 202 is coupled
to the OLT 110 through an optical link (e.g., with an Ethernet link set up on it) and the virtual CLT
204 is coupled to a plurality of CNUs 140 (only one is shown in FIG. 2 for simplicity) through coax
links (e.g., with Ethernet links set up on them) in a cable plant 150. The virtual ONU 202 and
virtual CLT 204 are coupled within the OCU 130 as shown. The OCU 130 thus acts as an MPCP
proxy of the OLT 110 with respect to the CNU 140 and as an MPCP proxy of the CNU 140 with
respect to the OLT 110. Each proxy entity in the OCU 130 (e.g., the virtual CLT 204 and the
virtual ONU 202) responds on behalf of the network element (e.g., the OLT 110 or a respective
CNU 140) that it represents. In some embodiments, each proxy entity in the OCU 130 generates

protocol frames.

[0031] The network 200 thus emulates two Ethernet point-to-point (P2P) links in cascade
between the OLT 110 and CNU 140, with separate optical and coax point-to-multipoint (P2ZMP)
domains, in accordance with some embodiments. There are two time domains and separated

resource allocation.

[0032] In some embodiments, the OCU 130 includes a separate virtual ONU 202 for each
CNU 140 registered with the OCU 130. Each virtual ONU 202 is a proxy entity for its respective
CNU 140.

[0033] FIG. 3 illustrates protocol stacks for an MPCP proxy architecture for the network 200
(FIG. 2) in accordance with some embodiments. A protocol stack for the OLT 110 includes an
operations, administration, and management (OAM) layer 302, an MPCP layer 304, a media
access control (MAC) layer 306, a reconciliation sublayer (RS) 308, and an optical physical layer
(PHY) 312, stacked as shown. In some embodiments, the optical PHY 312 includes a physical
coding sublayer (PCS) 314, a physical medium attachment (PMA) sublayer 316, and a physical
medium dependent (PMD) sublayer 318. The optical PHY 312 is coupled to the MAC layer 306
through a media-independent interface 310 (e.g., XGMII) and the RS 308.

[0034] The protocol stack for the OCU 130 includes an MPCP layer 322, MAC layer 324,
RS 326, and optical PHY 330 for communicating with the OLT 110. In some embodiments, the
optical PHY 330 includes a PCS 332, a PMA sublayer 334, and a PMD sublayer 336. The MAC
layer 324 is coupled to the optical PHY 330 through the RS 326 and a media-independent
interface 328 (e.g., XGMIIl). The OCU 130 also includes an MPCP layer 338, MAC layer 340, RS
342, and coax PHY 346 for communicating with the CNU(s) 140. In some embodiments, the coax

PHY 346 includes a PCS 348, a PMA sublayer 350, and a PMD sublayer 352. The MAC layer
5
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340 is coupled to the coax PHY 346 through the RS 342 and a media-independent interface 344
(e.g., XGMII). The MPCP layer 322, MAC layer 324, RS 326, and optical PHY 330 correspond to
virtual ONUs 202 (FIG. 2) in the OCU 130. The MPCP layer 338, MAC layer 340, RS 342, and
coax PHY 346 correspond to the virtual CLT 204 (FIG. 2) in the OCU 130. The OCU 130
includes a single OAM layer 320 shared between the virtual ONUs 202 and virtual CLT 204.

[0035] The protocol stack for the CNU 140 includes an OAM layer 354, MPCP layer 356,
MAC layer 358, RS 360, and coax PHY 364 stacked as shown. In some embodiments, the coax
PHY 364 includes a PCS 366, a PMA sublayer 368, and a PMD sublayer 370. The MAC layer
358 is coupled to the coax PHY 364 through the RS 360 and a media-independent interface 362
(e.g., XGMII). The CNU 140 may support frequency-division duplexing (FDD) (e.g., on active
and/or passive cable plants 150) and/or time-division duplexing (TDD) (e.g., on passive coax cable
plants 150).

[0036] The OCU 130 (FIGS. 1-3) maps CNUs 140 to virtual ONUs 202 and buffers related
to the virtual ONUs 202. The OLT 110 (FIGS. 1-3) manages fiber resources for (e.g., allocates
fiber resource to) the virtual ONUs 202 in the OCU 130, as well as for regular ONUs 120 (e.g.,
ONUs 120-1 and 120-2, FIG. 1) in the network 100 (FIG. 1). The OCU 130 (e.g., the virtual CLT
204, FIG. 2) manages coax resources for (e.g., assigns coax resources to) respective CNUs 140
on its cable plant 150. The OCU 130 may support FDD (e.g., on active and/or passive cable
plants 150) and/or TDD (e.g., on passive coax cable plants 150).

[0037] FIG. 4A illustrates an auto-discovery and registration sequence for the network 200
(FIGS. 2 and 3) in accordance with some embodiments. The OCU 130 is coupled to a plurality of
CNUs 140, including CNUs 140-6 and 140-7. The CNUs 140-6 and 140-7 may be examples of
respective ones of the CNUs 140-1 and 140-2 on the cable plant 150-1 or of the CNUs 140-3
through 140-5 on the cable plant 150-2 (FIG. 1). At the beginning of this sequence, CNU 140-6
and CNU 140-7 are both unregistered with the OCU 130 and OLT 110. The OCU 130 periodically
distributes (e.g., broadcasts) special GATE messages, called discovery GATE messages, to
trigger registration of unregistered CNUs 140. At step 1, the OCU 130 distributes one of these
discovery GATE messages. At step 2, unregistered CNU 140-6 and CNU 140-7 both attempt to
reply, competing for upstream bandwidth for registration request (REGISTER_REQ) messages.

In the example of FIG. 4A, the CNU 140-6 succeeds in transmitting its REGISTER_REQ message
to the OCU 130, but the CNU 140-7 fails. When the OCU 130 decodes the REGISTER_REQ
message from the CNU 140-6, it creates (402) a virtual ONU 202-1 corresponding to the CNU
140-6. The CNU 140-7 may try to respond to a subsequent discovery GATE message during a
subsequent time slot.

[0038] The OLT 110 periodically distributes discovery GATE messages to trigger

registration of unregistered virtual ONUs 202 (FIG. 2) and regular ONUs 120 (e.g., ONUs 120-1
6
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and 120-2, FIG. 1). At step 3, the OLT 110 distributes one of these discovery GATE messages.
For example, the discovery GATE message of step 3 is the first discovery GATE message
distributed by the OLT 110 after creation of the virtual ONU 202-1. At step 4, the virtual ONU 202-
1 replies with a registration request (REGISTER_REQ) message (assuming the virtual ONU 202-1
succeeded in competing for upstream bandwidth). When the OLT 110 decodes the
REGISTER_REQ message from the virtual ONU 202-1, it replies to the virtual ONU 202-1 in step
5a1 with a registration (REGISTER) message that assigns one or more unique identifiers (e.g.
logical link identifiers or LLIDs) to the virtual ONU 202-1 and/or to the CNU 140-6. In some
embodiments, the one or more unique identifiers (e.g. LLIDs) include respective identifiers (e.g.
LLIDs) for respective levels of service in accordance with a quality-of-service (QoS) scheme. The
OCU 130 forwards the REGISTER message to the CNU 140-6 in step 5a2. The OCU 130 may
forward the one or more identifiers (e.g. LLIDs) to the CNU 140-6 in the forwarded REGISTER

message.

[0039] After sending the REGISTER message in step 5a1, the OLT 110 sends (e.g.,
immediately sends) a unicast GATE message to the virtual ONU 202-1 in step 5b1. The OCU 130
forwards the unicast GATE message to the CNU 140-6 in step 5b2.

[0040] The virtual ONU 202-1 replies to the OLT 110 with a registration acknowledgment
(REGISTER_ACK) message in step 6. Upon receipt of the REGISTER_ACK message by the
OLT 110, the virtual ONU 202-1 is registered (404) with the OLT 110. In some embodiments, the
virtual ONU 202-1 sends the REGISTER_ACK message to the OLT 110 without waiting for a
REGISTER_ACK message from the CNU 140-6.

[0041] The CNU 140-6 replies to the forwarded GATE message of step 5b2 with its own
REGISTER_ACK message in step 7. Upon receipt of this REGISTER _ACK message at the OCU
130 (e.g., at the virtual CLT 204), the CNU 140-6 is registered (406) with the OCU 130 (e.g., is
registered in the virtual CLT 204). End-to-end data transfer 408 now can occur between the OLT
110 and CNU 140-6, because the CNU 140-6 and virtual ONU 202-1 are respectively registered
with the OCU 130 and OLT 110.

[0042] Respective messages in the registration and auto-discovery sequence of FIG. 4A
correspond, for example, to messages specified in clause 77.3.3 of the IEEE 802.3 standard.

[0043] In some embodiments, the time window (i.e., time slot) reserved for registration in
the procedure of FIG. 4A uses only a portion of the available coax frequency spectrum. The
portion of the available coax frequency spectrum used for registration may be fixed or may follow a
changing pattern.

[0044] In some embodiments, the REGISTER_REQ message from the CNU 140-6 in step 2
specifies capabilities of the CNU 140-6.



WO 2013/134428 PCT/US2013/029448

[0045] In some embodiments, the unicast GATE and REGISTER_ACK messages in steps
5b2 and 7 trigger the CNU 140-6 to assess and share Channel Quality Indication (CQI)
information. For example, the downstream channel is assessed in the coax PHY 364 (FIG. 3) of
the CNU 140-6 based on known pilot tones received from the OCU 130. This assessment may be
triggered by the unicast GATE message of step 5b2. The channel assessment may be
communicated to the OCU 130 in the REGISTER_ACK message from the CNU 140-6 in step 7.
The unicast GATE message of steps 5b1 and 5b2 may also trigger transmission of a wide-band

upstream message to be used by the OCU 130 and/or OLT 110 to assess the upstream channel.

[0046] Implementing the MPCP proxy architecture of FIGS. 2 and 3 involves making two
separate round-trip-time (RTT) measurements, one for the optical domain and one for the coax
domain. RTT measurements in this context refer to measurement of RTT at the MPCP level. In
some embodiments, the RTT measurement for the optical domain is performed in accordance with
the EPON standard (IEEE 802.3av).

[0047] FIG. 4B illustrates an RTT measurement in the coax domain in accordance with
some embodiments. Successive time slots 410 at a virtual CLT 204 (FIG. 2) and successive time
slots 412 at a CNU 140 (FIG. 2) have a duration Ts. The time slots 412 at the CNU 140 are offset
from the time slots 410 at the virtual CLT 204 by a propagation time 414 between the virtual CLT
204 and the CNU 140. Attime t1, a GATE message 415 (time-stamped with t1) leaves the MPCP
layer 338 of the virtual CLT 204 and is provided through the RS 342 to the coax PHY 346 of the
virtual CLT 204, which performs data collection 416 and implements an IFFT 418 to generate an
OFDMA symbol, which is transmitted as a downstream (DS) signal 420 to the CNU 140. The coax
PHY 364 of the CNU 140 receives (422) the GATE message 415 and delivers it (424) at a time {2
through the RS 360 to the MPCP layer 356 of the CNU. A downstream transmission time Tps
includes the OFDMA symbol construction, encoding, and transmission time for the GATE
message 415 in the virtual CLT 204, the downstream propagation time for the signal 420, and the
time for the reception 422 and delivery 424 in the CNU 140.

[0048] Upon receipt of the GATE message 415 in the MPCP layer 356, a clock is set to time
t1 and starts to run. The CNU processes (“P”) the GATE message 415; the MPCP layer 356 then
provides a response message (REG) 426 through the RS 360 to the coax PHY 364. The MPCP
layer 356 provides the response message 426 at a time t3, when the clock time in the MPCP layer
356 is 11=t1+Tw=t1+t3-t2. The coax PHY 364 performs data collection 428 and implements an
IFFT 430 to generate an OFDMA signal, which is transmitted as an upstream signal 432 to the
virtual CLT 204.

[0049] The coax PHY 346 of the virtual CLT 204 receives (434) the response message 426
and delivers it (436) through the RS 342 to the MPCP layer 338 of the virtual CNU 140 at a time

t4. An upstream transmission time Tys includes the OFDMA symbol construction, encoding, and
8
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transmission time for the response message 426 in the CNU 140, the upstream propagation time
for the upstream signal 432, and the reception 434 and delivery 436 in the virtual CLT 204.The
MPCP layer 338 determines the RTT using the formula:

RTT = t4-11 = t4-t1-Tw = t4-t1-(13-12) = Tresponse-Tw @)
where t4-t1=Tresponse and t3-t2=Tw.

[0050] Two examples of MPCP proxy architectures, which are also referred to as one-
network architectures, are now disclosed. FIG. 5A is a block diagram of a first MPCP proxy
architecture 500 in accordance with some embodiments. In the architecture 500, an OLT 502 is
coupled to a CNU 516 through an OCU 508. The OLT 502, OCU 508, and CNU 516 are
respectively examples of an OLT 110, OCU 130, and CNU 140. While FIG. 5A only shows a
single OCU 508 and CNU 516 for visual clarity, in practice the architecture 500 may include
multiple OCUs 508 coupled to the OLT 502, and each OCU 508 is coupled to a plurality of CNUs
516 through coax links.

[0051] In the architecture 500, each CNU 516 includes an implementation (also referred to
as an instantiation) of an optical media access control (MAC) layer 518 (e.g., an Ethernet MAC
layer that includes an EPON MPCP sublayer and is thus referred to herein as an EPON MAC
layer). The implementation of the optical MAC layer 518 is also referred to as a media access
controller 518 or MAC 518. Each CNU 516 also includes a coax PHY 522 (e.g., an EPoC PHY,
where EPoC refers to an EPON-compatible protocol over coax) to transmit and receive signals via
the coax link that couples the CNU 516 to the OCU 508. Each CNU 516 further includes an
implementation (i.e., instantiation) of an optical-to-coax convergence layer 520 that interfaces
between the coax PHY 522 and the optical MAC 518. In some embodiments, the optical-to-coax
convergence layer 520 is an EPON-to-EPoC convergence layer.

[0052] The OCU 508 includes an optical PHY 512 (e.g., an EPON PHY) to transmit and
receive signals via the optical link that couples the OCU 508 to the OLT 502, and a coax PHY 514
(e.g., an EPoC PHY) to transmit and receive signals via the coax link that couples the OCU 508 to
the CNU 516. The OCU 508 also includes an implementation (i.e., instantiation) of an optical-to-
coax convergence layer 510 that interfaces between the optical PHY 512 and coax PHY 514. The
convergence layer 510 manages transactions between the optical PHY 512 at the OCU 508 and
the optical MAC 518 at the CNU 516.

[0053] The OLT 502 includes an optical PHY 506 (e.g., an EPON PHY) to transmit and
receive signals via the optical link that couples the OLT 502 to the OCU 508. The OLT 502 also
includes an optical MAC 504 (e.g., an EPON MAC).

[0054] FIG. 5B is a more detailed block diagram of the MPCP proxy architecture 500 of FIG.
5A in accordance with some embodiments. As shown in FIG. 5B, the convergence layer 510 in
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the OCU 508 includes a plurality of CNU proxy entities 536-1 through 536-N, where N is the
number of CNUs (e.g., registered CNUs) 516 in the corresponding cable plant 150 (FIGS. 1 and
2). Each proxy entity 536 (i.e., each of the proxy entities 536-1 through 536-N) thus corresponds
to a respective CNU 516. In some embodiments, the proxy entities 536 are used to convey EPON
MAC functions over coax. For example, the proxy entities 536 perform time stamping,
REPORT/GATE message processing, registration and deregistration, and packet
filtering/forwarding on a per-CNU basis. In the architecture 500, the presence of an optical MAC
518 in the CNU 516 means that a virtual ONU resides in each CNU 516. The proxy entities 536

provide interfaces to these virtual ONUs.

[0055] The convergence layer 510 in the OQCU 508 also includes a resource manager 530,
and the convergence layer 520 in the CNU 516 includes a corresponding resource manager 544.
A gqueue 540 in the optical MAC 518 of the CNU 516 queues packets for upstream transmission to
the OLT 502. The queue 540 reports its status (including, for example, the number of queued
packets and thus its length) to a message processing element 542 (“GATE/REPORT") in the MAC
518, which sends a REPORT message reporting the queue status to the resource manager 544 of
the convergence layer 520. The resource manager 544 sends the REPORT message to the
resource manager 530 in the convergence layer 510 of the OCU 508, which forwards the
REPORT message to the proxy entity 536 corresponding to the CNU 516 that sent the REPORT
message. In some embodiments, the proxy entity 536 captures the REPORT message in a
message processing element 538 (e.g., message processing element 538-1 for proxy entity 536-1
or message processing element 538-N for proxy entity 536-N) and updates its record of the queue
status, and also transmits the REPORT message upstream to the OLT 502. Alternatively, the
OCU 508 processes the REPORT message locally and generates a GATE message to the CNU

516 to grant upstream data transmission to the CNU 516.

[0056] The OLT 502 determines resource allocation over the optical link (e.g., in
accordance with received REPORT messages) and transmits GATE messages allocating the
resources. The message processing elements 538 of the proxy entities 536 capture GATE
messages corresponding to their respective CNUs 516 and request coax resources from the
resource manager 530. The resource manager 530 allocates coax resources (e.g., using its
scheduler 532) and transmits GATE messages allocating the resources to the resource manager
544 in the CNU 516, which forwards the GATE messages to the message processing element 542
of the optical MAC 518. The optical MAC 518 at the CNU 516 thus is instructed to employ the
coax resources allocated to it.  Packets are transmitted from the CNU 516 to the OLT 502 in
accordance with the allocated coax and optical fiber resources, with buffering performed as
needed by the convergence layer 510 in the OCU 508. In some embodiments, coax packets are
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larger than optical packets, and the convergence layer 510 breaks a single coax packet into
multiple optical packets for upstream transmission to the OLT 502.

[0057] In some embodiments, the architecture 500 is implemented as a single multi-point
domain, in which the scheduler 532 in the convergence layer 510 is implemented as a slave of the
OLT 502. The OLT 502 allocates timeslots for transmissions over the optical fiber link (e.g., as
specified by GATE messages), and the scheduler 532 allocates coax resources based on the
allocated optical timeslots. In other embodiments, the architecture 500 is implemented as a
double multi-point domain, in which the scheduler 532 monitors queue lengths for respective
CNUs 516 and allocates coax resources accordingly. For example, the proxy entities 536 report
the queue lengths of their respective CNUs 516 to the scheduler 532, which allocates coax
resources accordingly. In either case, the convergence layer 510 provides consistency between
optical fiber resource allocation and coax resource allocation. For double multi-point domain
architectures, the convergence layer 510 infers the optical fiber resource allocation based on
queue lengths.

[0058] FIG. 6A is a block diagram of a second MPCP proxy architecture 600 in accordance
with some embodiments. In the architecture 600, an OLT 502 is coupled to a CNU 620 through an
OCU 608. The OLT 502, OCU 608, and CNU 620 are respectively examples of an OLT 110, OCU
130, and CNU 140. While FIG. 6A only shows a single OCU 608 and CNU 620 for visual clarity, in
practice the architecture 600 may include multiple OCUs 608 coupled to the OLT 502, and each
OCU 608 is coupled to a plurality of CNUs 620 through coax links.

[0059] The OCU 608 includes implementations (or instantiations) of an optical MAC (e.g.,
EPON MAC) layer 612, an optical-to-coax (e.g., EPON/EPoC) convergence layer 610, and a coax
(e.g., EPoC) MAC layer 616, in addition to optical and coax PHYs 512 and 514. The convergence
layer 610 manages transactions between the optical MAC 612 and the coax MAC 616; it performs
this management through the standard interfaces of the optical MAC 612 and the coax MAC 616.
The CNU 620 does not include an optical MAC and corresponding convergence layer as for the
CNU 516 (FIG. 5A), but instead includes an implementation of a coax (e.g., EPoC) MAC layer 622
coupled to a coax PHY 522. Because the optical MAC layer 612 is implemented in the OCU 608,
a virtual ONU for each of the CNUs 620 in a corresponding cable plant 150 (FIGS. 1 and 2)
resides at the OCU 608. In addition, the OCU 608 itself may also be associated with a virtual
ONU. Furthermore, because a coax MAC layer 616 is implemented in the OCU 608, a virtual CLT
resides at the OCU 608.

[0060] FIG. 6B is a more detailed block diagram of the one-network architecture 600 of FIG.
6A in accordance with some embodiments. As shown in FIG. 6B, the optical MAC 612 includes
implementations (i.e., instantiations) of optical (e.g., EPON) MAC layers 636-1 through 636-N

(“MAC entities 636-1 through 636-N") for each of the N CNUs 620 in the corresponding cable plant
11
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150 (FIGS. 1 and 2). Each of these optical MAC entities 636-1 through 636-N includes a queue
640-1 through 640-N for buffering upstream packet transmissions from the corresponding CNU
620 and a message processing unit 638-1 through 638-N for processing messages from the
corresponding CNU 620. Each of these optical MAC entities 636-1 through 636-N thus is an
example of a proxy entity for a respective CNU 620. The convergence layer 610 includes a

resource manager 630 with a scheduler 632.

[0061] Each queue 640-1 through 640-N reports its status (e.g., its length, and thus the
number of pending packets) to the corresponding message processing unit 638-1 through 638-N,
which sends REPORT messages reporting the queue status to the OLT 502. Each message
processing unit 638-1 through 638-N also receives GATE messages specifying optical fiber
resource allocation from the OLT 502 (via the optical PHY 512) and instructs its MAC entity 636-1
through 636-N to transmit upstream packets in accordance with the resource allocation specified
by the GATE messages. (In some embodiments, the EPON MAC entities 636-1 through 636-N
also perform the time stamping, registration and de-registration, and packet filtering and
forwarding functions discussed with regard to the convergence layer 510 of FIGS. 5A-5B).

[0062] The scheduler 632 monitors the status (e.g., the lengths) of the queues 640-1
through 640-N and allocates coax resources accordingly. For example, the scheduler 632 sends
messages to the coax MAC layer 622 in the CNU 620 instructing it to transmit upstream packets in
accordance with the coax resource allocation. These packets are queued in the corresponding
queue 640 (i.e., a corresponding one of the queues 640-1 through 640-N) in the OCU 608 for
further upstream transmission to the OLT 502. The architecture 600 thus is a double multi-point
domain architecture: the convergence layer 610 infers the optical fiber resource allocation based
on queue lengths.

[0063] FIG. 7A illustrates downstream traffic management in an MPCP proxy architecture
such as in the network 200 (FIGS. 2 and 3) in accordance with some embodiments. This
downstream traffic management is an example of downstream dynamic bandwidth allocation
(DBA). The OLT 110 buffers downstream packet traffic in respective queues corresponding to
respective real and virtual ONUs. For example, a queue 702-1 in the OLT 110 corresponds to a
real ONU 120-1 and a queue 702-2 corresponds to a real ONU 120-2. Queues 704-1 through
704-N correspond to respective virtual ONUs (e.g., virtual ONUs 202, FIG. 2) in one or more
OCUs 130. The respective virtual ONUs correspond in turn to respective CNUs 140-1 through
140-N. The OLT 110 implements a scheduling algorithm to allocate downstream bandwidth to the
queues 702-1, 702-2, and 704-1 through 704-N, and buffered traffic in these queues is transmitted
downstream in accordance with the scheduling.

[0064] Packets from the queues 704-1 through 704-N in the OLT 110 are transmitted to the

OCU 130 (assuming the corresponding CNUs 140-1 through 140-N are on the cable plant 150 of
12
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the OCU 130 and registered with the OCU 130), where they are buffered in respective queues
706-1 through 706-N. Each of the queues 706-1 through 706-N in the OCU 130 corresponds to a
respective virtual ONU (e.g., a virtual ONU 202, FIG. 2) implemented in the OCU 130 and thus to
a respective one of the CNUs 140-1 through 140-N. A scheduler 708 in the OCU 130 (e.g.,
implemented in the MPCP layer 338, FIG. 3) performs resource allocation, including allocation of
downstream bandwidth among the queues 706-1 through 706-N. Packets buffered in the queues
706-1 through 706-N are transmitted downstream to respective CNUs 140-1 through 140-N using

the allocated downstream bandwidth.

[0065] FIG. 7B illustrates upstream DBA in an MPCP proxy architecture such as in the
network of FIGS. 2 and 3 in accordance with some embodiments. A scheduler 742 in the OCU
130 (e.g., implemented in the MPCP layer 338, FIG. 3) allocates upstream bandwidth among
respective CNUs 140-1 through 140-N on the cable plant of the OCU 130. The CNUs 140-1
through 140-N, which buffer packets for upstream transmission in respective internal queues, use
the allocated bandwidth to transmit the packets upstream to the OCU 130. The OCU 130 buffers
the packets in respective queues 740-1 through 740-N. Each of the respective queues 740-1
through 740-N in the OCU 130 corresponds to a respective virtual ONU (e.g., a virtual ONU 202,
FIG. 2) in the OCU 130. In some embodiments, the queues 740-1 through 740-N are examples of
the queues 640-1 through 640-N (FIG. 6B). A schedulerin the OLT 110 allocates upstream
bandwidth among the queues 740-1 through 740-N (e.g., among the corresponding virtual ONUs),
and the buffered packets in the queues 740-1 through 740-N are transmitted upstream from the
OCU 130 to the OLT 110 using the allocated bandwidth.

[0066] FIG. 8 is a flowchart showing a method 800 of operating an OCU 130 (FIGS. 1-4A
and 7A-7B) in accordance with some embodiments. The method 800 is performed at an OCU
130. In the method 800, a first discovery message is broadcasted (802) to a plurality of CNUs 140
(e.g., to CNUs 140-6 and 140-7 in step 1 of FIG. 4A). In response to the first discovery message,
a first registration request is received (804) from a respective CNU 140 of the plurality of CNUs
140 (e.g., in step 2 of FIG. 4A). In response to the first registration request, a proxy entity (e.g., a
virtual ONU 202, FIG. 2) is created (8086) corresponding to the respective CNU 140.

[0067] A second discovery message is received (808) from an OLT 110 (e.g., in step 3 of
FIG. 4A). In response to the second discovery message, a second registration request is
transmitted (810) to the OLT 110 requesting registration of the proxy entity with the OLT 110 (e.qg.,
in step 4 of FIG. 4A).

[0068] A registration message is received (812) from the OLT 110 in response to the
second registration request (e.g., in step 5a1 of FIG. 4A). In some embodiments, the registration
message specifies (814) one or more LLIDs for the proxy entity. For example, the one or more

LLIDs may include LLIDs corresponding to different levels of service in accordance with a quality-
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of-service (QoS) scheme. The registration message (e.g., including the one or more LLIDs) is
forwarded (816) to the respective CNU 140 (e.qg., in step 5a2 of FIG. 4A).

[0069] A gate message is received (818) from the OLT 110 following the registration
message (e.g., in step 5b1 of FIG. 4A). In response, a first registration acknowledgment message
is transmitted (818) to the OLT 110 (e.g., in step 6 of FIG. 4A). The gate message may also be
forwarded to the respective CNU 140 (e.g., in step 5b2 of FIG. 4A).

[0070] A second registration acknowledgement message is received (820) from the
respective CNU 140 (e.g., in step 7 of FIG. 4A). The second registration acknowledgement
message may be received (820) after the first registration acknowledgment message is
transmitted (818), such that the OCU 130 does not wait for the second registration
acknowledgement message from the respective CNU 140 before transmitting the first registration

acknowledgment message to the OLT 110.

[0071] The method 800 may be repeated to register additional CNUs 140 and create
additional proxy entities corresponding to the additional CNUs 140.

[0072] In some embodiments, the proxy entity queues traffic from the respective CNU 140
(e.g., in one of the queues 640-1 through 640-N, FIG. 6B) (e.g., in one or the queues 740-1
through 740-N, FIG. 7B). Once the proxy entity and respective CNU have been registered in
accordance with the method 800, the proxy entity sends REPORT messages to the OLT 110
reporting how much traffic is queued in the proxy entity. In response, the OLT 110 allocates
bandwidth to the proxy entity, which uses the bandwidth to transmit the traffic upstream to the OLT
110.

[0073] In some embodiments, once the proxy entity and respective CNU have been
registered in accordance with the method 800, the proxy entity receives REPORT messages from
the respective CNU 140 reporting how much traffic is queued in the respective CNU 140. The
proxy entity sends REPORT messages reporting this traffic to the OLT 110. In response, the OLT
110 allocates bandwidth to the proxy entity. The OCU 130 allocates bandwidth to the respective
CNU 140, based either on the REPORT messages from the respective CNU 140 or the bandwidth
allocation from the OLT 110.

[0074] While the method 800 includes a number of operations that appear to occur in a
specific order, it should be apparent that the method 800 can include more or fewer operations,
some of which can be executed serially or in parallel. An order of two or more operations may be
changed, performance of two or more operations may overlap, and two or more operations may

be combined into a single operation.

[0075] In some embodiments, one or more of the protocol layers disclosed herein (e.g., all
of the non-PHY protocol layers) are implemented in software. For example, FIG. 9A is a block
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diagram of an OCU 900 in a network such as the network 100 (FIG. 1) in accordance with some
embodiments. The OCU 900 is an example of an OCU 130 (FIGS. 1-4A and 7A-7B) (e.g., OCU
508, FIGS. 5A-5B, or OCU 608, FIGS. 6A-6B). Inthe OCU 900, the optical PHY 912 and coax
PHY 914 are coupled to one or more processors (e.g., processor cores) 902, which are coupled in
turn to memory 904. In some embodiments, the memory 904 includes a non-transitory computer-
readable medium (e.g., one or more nonvolatile memory elements, such as EPROM, EEPROM,
Flash memory, a hard disk drive, and so on) that stores instructions for execution by the one or
more processors 902. In the example of FIG. 3, the instructions include instructions that, when
executed by the processor(s) 902, cause the OCU 900 to implement the functionality of the OAM
layer 320, MPCP layers 322 and 338, and MAC layers 324 and 340. In the example of the OCU
508 (FIGS. 5A-5B), the instructions include instructions that, when executed by the processor(s)
902, cause the OCU 900 to implement the functionality of the optical-to-coax convergence layer
510. In the example of the OCU 608 (FIGS. 6A-6B), the instructions include instructions that,
when executed by the processor(s) 902, cause the OCU 900 to implement the functionality of the
optical-to-coax convergence layer 610, the optical MAC 612, and/or the coax MAC 616. In the
example of FIGS. 7A and 7B, the instructions include instructions that, when executed by the
processor(s) 902, cause the OCU 900 to implement the functionality of the queues 706-1 through
706-N, the scheduler 708, the queues 740-1 through 740-N, and/or the scheduler 742. In some
embodiments, the instructions include instructions that, when executed by the processor(s) 902,
cause the OCU 900 to perform all or a portion of the method 800 (FIG. 8).

[0076] While the memory 904 is shown as being separate from the processor(s) 902, all or
a portion of the memory 904 may be embedded in the processor(s) 902. In some embodiments,
the processor(s) 902 and/or memory 904 are implemented in the same integrated circuit as the
optical PHY 912 and/or coax PHY 914. For example, the coax PHY 914 may be integrated with
the processor(s) 902 in a single chip, while the memory 904 and optical PHY 912 are implemented
in separate chips. In another example, the optical PHY 912, coax PHY 914, memory 904, and
processor(s) 902 are all integrated in a single chip.

[0077] FIG. 9B is a block diagram of a CNU 920 in accordance with some embodiments.
The CNU 920 is an example of a CNU 140 (FIGS. 1-4A and 7A-7B) (e.g., CNU 516, FIGS. 5A-5B,
or CNU 620, FIGS. 6A-6B). In the CNU 920, a coax PHY 926 is coupled to one or more
processors (e.g., processor cores) 922, which are coupled in turn to memory 924. In some
embodiments, the memory 924 includes a non-transitory computer-readable medium (e.g., one or
more nonvolatile memory elements, such as EPROM, EEPROM, Flash memory, a hard disk drive,
and so on) that stores instructions for execution by the one or more processors 922. In the
example of FIG. 3, the instructions include instructions that, when executed by the processor(s)
902, cause the OCU 900 to implement the functionality of the OAM layer 354, MPCP layer 356,
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and MAC layer 358. In the example of FIGS. 5A-5B the instructions include instructions that,
when executed by the processor(s) 902, cause the CNU 920 to implement the functionality of the
optical MAC layer 518 and/or the optical-to-coax convergence layer 520.

[0078] While the memory 924 is shown as being separate from the processor(s) 922, all or
a portion of the memory 924 may be embedded in the processor(s) 922. In some embodiments,
the processor(s) 922 and/or memory 924 are implemented in the same integrated circuit as the
coax PHY 926. For example, the coax PHY 926 may be integrated with the processor(s) 922 in a

single chip, which may or may not also include the memory 924.

[0079] In the foregoing specification, the present embodiments have been described with
reference to specific exemplary embodiments thereof. It will, however, be evident that various
modifications and changes may be made thereto without departing from the broader spirit and
scope of the disclosure as set forth in the appended claims. The specification and drawings are,

accordingly, to be regarded in an illustrative sense rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A method comprising, at an optical-coax unit (OCU):

broadcasting a first discovery message to a plurality of coax network units (CNUs);

in response to the first discovery message, receiving a first registration request from a first
CNU of the plurality of CNUs;

in response to the first registration request, creating a first proxy entity corresponding to the
first CNU;

receiving a second discovery message from an optical line terminal (OLT); and

in response to the second discovery message, transmitting a second registration request to
the OLT requesting registration of the first proxy entity with the OLT.

2. The method of claim 1, further comprising receiving a registration message at the
OCU from the OLT in response to the second registration request, wherein the registration

message specifies one or more logical link identifiers (LLIDs) for the first proxy entity.

3. The method of claim 2, wherein the one or more LLIDs comprise a plurality of LLIDs
corresponding to different levels of service.

4, The method of claim 2, further comprising forwarding the registration message,
including the one or more LLIDs, from the OCU to the first CNU.

5. The method of claim 4, further comprising, at the OCU:

receiving a gate message from the OLT following the registration message;

in response to the gate message, transmitting a first registration acknowledgment message
to the OLT; and

receiving a second registration acknowledgement message from the first CNU after

transmitting the first registration acknowledgment message to the OLT.

6. The method of claim 1, wherein the first proxy entity comprises a virtual optical
network unit (ONU) corresponding to the first CNU.

7. The method of claim 6, wherein:

the virtual ONU comprises a queue to buffer traffic from the first CNU; and
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the method further comprises sending a report message from the virtual ONU to the OLT

reporting an amount of traffic in the queue.

8. The method of claim 6, further comprising, in the virtual ONU:

receiving a report message from the first CNU reporting an amount of traffic queued in the
first CNU; and

sending a report message to the OLT reporting the amount of traffic queued in the first

CNU, based on the report message received from the first CNU.

9. The method of claim 1, further comprising, at the OCU:

broadcasting a third discovery message to the plurality of CNUs;

in response to the third discovery message, receiving a third registration request from a
second CNU of the plurality of CNUs;

in response to the third registration request, creating a second proxy entity corresponding to
the second CNU;

receiving a fourth discovery message from the OLT; and

in response to the fourth discovery message, transmitting a fourth registration request to

the OLT requesting registration of the second proxy entity with the OLT.

10.  An optical-coax unit (OCU), comprising:
a coax physical layer device to be coupled to a plurality of coax network units (CNUSs);
an optical physical layer device to be coupled to an optical line terminal (OLT);
one or more processors; and
memory storing one or more programs configured to be executed by the one or more
processors, the one or more programs comprising:

instructions to broadcast discovery messages to the plurality of CNUSs;

instructions to create proxy entities corresponding to respective CNUs in response to
registration requests from the respective CNUs, wherein the registration requests are
received from the respective CNUs in response to the broadcasted discovery messages;
and

instructions to transmit registration requests to the OLT requesting registration of the
proxy entities with the OLT, in response to discovery messages received from the OLT.

11.  The OCU of claim 10, wherein the one or more programs further comprise
instructions to assign one or more logical link identifiers (LLIDs) to a respective proxy entity in

response to a registration message from the OLT specifying the one or more LLIDs, wherein the
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registration message is received from the OLT in response to a respective registration request
transmitted to the OLT.

12. The OCU of claim 11, wherein the one or more programs further comprise
instructions to forward the registration message, including the one or more LLIDs, to a respective

CNU that corresponds to the respective proxy entity.

13. The OCU of claim 12, wherein the one or more programs further comprise
instructions to transmit a registration acknowledgment message from the respective proxy entity to
the OLT in response to the registration message and a subsequent gate message from the OLT,
without waiting for a registration acknowledgement message from the respective CNU.

14.  The OCU of claim 10, wherein the proxy entities comprise virtual optical network
units (ONUs) corresponding to the respective CNUs.

15. The OCU of claim 14, wherein:
the virtual ONUs comprise queues to buffer traffic from the respective CNUs; and
the one or more programs further comprise instructions to send report messages to the

OLT based on amounts of traffic in the queues.

16. The OCU of claim 14, wherein the one or more programs further comprise
instructions to send reports messages to the OLT reporting amounts of traffic queued in respective

CNUs, based on report messages received from the respective CNUs.

17. A non-transitory computer-readable storage medium storing one or more programs
configured to be executed by one or more processors of an optical-coax unit (OCU), the one or
more programs comprising:

instructions to broadcast discovery messages to a plurality of CNUs;

instructions to create proxy entities corresponding to respective CNUs in response to
registration requests from the respective CNUs, wherein the registration requests are received
from the respective CNUs in response to the broadcasted discovery messages; and

instructions to transmit registration requests to an OLT requesting registration of the proxy

entities with the OLT, in response to discovery messages received from the OLT.

18.  The computer-readable storage medium of claim 17, wherein the one or more

programs further comprise instructions to assign one or more logical link identifiers (LLIDs) to a

19



WO 2013/134428 PCT/US2013/029448

respective proxy entity in response to a registration message from the OLT specifying the one or
more LLIDs, wherein the registration message is received from the OLT in response to a
respective registration request transmitted to the OLT.

19. The computer-readable storage medium of claim 18, wherein the one or more
programs further comprise instructions to forward the registration message, including the one or

more LLIDs, to a respective CNU that corresponds to the respective proxy entity.

20. The computer-readable storage medium of claim 19, wherein the one or more
programs further comprise instructions to transmit a registration acknowledgment message from
the respective proxy entity to the OLT in response to the registration message and a subsequent
gate message from the OLT, without waiting for a registration acknowledgement message from

the respective CNU.

21.  The computer-readable storage medium of claim 17, wherein the proxy entities

comprise virtual optical network units (ONUs) corresponding to the respective CNUs.

22.  The computer-readable storage medium of claim 21, wherein:
the virtual ONUs comprise queues to buffer traffic from the respective CNUs; and
the one or more programs further comprise instructions to send report messages to the

OLT based on amounts of traffic in the queues.

23.  The computer-readable storage medium of claim 21, wherein the one or more
programs further comprise instructions to send reports messages to the OLT reporting amounts of
traffic queued in respective CNUs, based on report messages received from the respective CNUSs.

24.  An optical-coax unit (OCU), comprising:

means for communicating with a plurality of coax network units (CNUs);

means for communicating with an optical line terminal (OLT);

means for creating proxy entities corresponding to respective CNUs in response to
registration requests from the respective CNUs, wherein the registration requests are received
from the respective CNUs in response to discovery messages broadcasted to the plurality of
CNUs; and

means for registering the proxy entities with the OLT.
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25. The OCU of claim 24, further comprising means for generating report messages for
transmission to the OLT, the report messages reporting traffic associated with respective CNUs.
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'
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,

in response o the first registration request, create a proxy entity corresponding
to the respective CNUL {806}

'

Receive a second discovery message from an oplical line terminal (OGLT). {(808)

'

In response {0 the second discovery message, fransmit a second registration
reguest to the OLT requesting registration of the proxy entity with the OLT.
(810}

'

Receive a registration message from the OLT in response {o the second
regisiration reguest. (812}

1 The registration message specifies one or more logical link identifiers
| (LLIDs) for the proxy entity. (814)

Forward the registration message (e.g., including the one or more LLIDs) {o the
respective CNU. (818)

'

Receive a gate message from the OLT following the registration message. In
response, transmit a first registration acknowledgment message to the OLT.
(818)

'

Receive a second registration acknowledgement message from the respeciive

CNU. (820
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