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1 Incorporating the V* Architecture in FC-BB-5

3.5 FC-BB_E definitions

3.5.2 FCoE Controller: A functional entity, coupled with a Lossless Ethernet MAC, instantiating
Aew-and de-instantiating VE_Ports, VF_Ports, ard-VN_Ports, and/or ereatirg-rew-FCOE_LEPS.

. i oE .
3.5.4 FCoE Entity: The interface between an instance of the FC-2V sublevel of Fibre Channel (i.e.,

a VN_Port, a VF_Port, or a VE_Port) and a Lossless Ethernet MAC. Each FCoE Entity contains one
or more FCoE_LEPs.

3.5.5 PE_Port (Physical E_Port): the LCF within the Fabric that attaches to another PE_Port
through a native FC link (see FC-SW-5).

3.5.6 PF_Port (Physical F_Port): the LCF within the Fabric that attaches to a PN_Port through a
native FC link (see FC-SW-5).

3.5.7 PN_Port (Physical N_Port): An LCF that supports only VN_Ports (see FC-FS-3).

3.5.11 VE_Port (Virtual E_Port): An instance of the FC-2V sublevel of Fibre Channel that
communicates with another VE_Port (see FC-SW-5) and that is dynamically instantiated on
successful completion of a FIP ELP Exchange.

3.5.13 VF_Port (Virtual F_Port): An instance of the FC-2V sublevel of Fibre Channel that
communicates with one or more VN_Ports (see FC-SW-5) and that is dynamically instantiated on
successful completion of a FIP FLOGI Exchange.

3.5.15 VN_Port (Virtual N_Port): An instance of the FC-2V sublevel of Fibre Channel that
operates as an N_Port (see FC-FS-3) and is dynamically instantiated on successful completion of a
FIP FLOGI or FIP FDISC Exchange.
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7 FC-BB_E Structure and Concepts
7.1 Applicability

Clause 4 discussed the FC-BB_E reference model. This clause discusses the FC-BB_E functional
models.

7.2 FC-BB_E overview

This clause discusses further aspects of FC-BB_E operation, including iritiatizatien—fHew-centrek
initialization and procedures for the mapping of Fibre Channel frames over Ethernet.

Figure 1 illustrates the protocol levels and layers involved in FC-BB_E processes and devices.
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Figure 1 — FC-BB_E protocol levels and layers

FC-BB_E defines a direct mapping of Fibre Channel over Ethernet (FCoE). Although a generic
Ethernet network may lose frames due to congestion, a proper implementation of appropriate
Ethernet extensions (e.g., the Pause mechanism defined in 802.3-2005, Part 3) allows a full duplex
Ethernet link to provide a lossless behavior similar to the one provided by the buffer to buffer credit
mechanism in native Fibre Channel. The protocol mapping defined by FC-BB_E is referred to as
Fibre Channel over Ethernet (FCoE) and requires the underlying Ethernet layer to be full duplex and
lossless (i.e., to be composed only of full duplex links and to provide a lossless behavior when
carrying Fibre Channel frames).

In native Fibre Channel, Fibre Channel Nodes (see FC-FS-3) and Switches (see FC-SW-4)
communicate through FC_Ports. Fibre Channel links connect N—Perts-PN_Ports to —Perts
PF_Ports and E—Perts-PE_Ports to EPertsPE_Ports.

In Fibre Channel over Ethernet, FCoE Nodes (ENodes) and FCoE Forwarders (FCFs) communicate
through Ethernet ports supporting Lossless Ethernet MACs. FCoE Virtual Links replace the physical
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Fibre Channel links by encapsulating FC frames in Ethernet frames. An FCoE Virtual Link is
identified by the pair of MAC addresses of the two link end-points. FCoE supports VN_Port to
VF_Port Virtual Links and VE_Port to VE_Port Virtual Links.

Figure 2 shows an FCoE VN_Port to VF_Port network configuration.
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Figure 2 — FCoE VN_Port to VF_Port Network Configuration

Each of the two ENodes H1 and H2 depicted in figure 2 has a single physical Ethernet connection to
the Lossless Ethernet network, as well as each of the two FCFs, FCF A and B. Each ENode may
instantiate multiple VN_Ports, connected to VF_Ports instantiated by the FCFs through FCoE Virtual
Links. The dotted lines in figure 2 depicts possible VN_Port to VF_Port Virtual Links. In this case, a
multi-access Lossless Ethernet network is reduced by FCoE to a set of point-to-point VN_Port to
VF_Port Virtual Links where the N—Per-VN_Port to —PerVF_Port Fibre Channel protocols are able
to operate unchanged.
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Figure 3 shows an FCoE VE_Port to VE_Port network configuration.
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Figure 3 — FCoE VE_Port to VE_Port Network Configuration

Each of the three FCFs A, B, and C depicted in figure 3 has a single physical Ethernet connection to
the Lossless Ethernet network. Each FCF may instantiate multiple VE_Ports, connected to other
VE_Ports through FCoE Virtual Links. The dotted lines in figure 3 depicts possible VE_Port to
VE_Port Virtual Links. In this case a multi-access Lossless Ethernet network is reduced by FCoE to a
set of point-to-point VE_Port to VE_Port Virtual Links where the E-Rer-VE_Port to E-Rer-VE_Port
Fibre Channel protocols are able to operate unchanged.

7.3 Fc—BBEN—-Per/ENode functional model
Figure 4 shows the functional model of an ENode, where the bracketed functional components are

optional. An ENode is functionally composed of at least one Lossless Ethernet MAC (i.e., the
ENode’s MAC), coupled with an FCoE Controller function.
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Figure 4 — F6BB—EN—-Por/ENode functional model
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An ENode MAC shall support the instantiation of VN_Ports.

The FCoE Controller is the functional entity that performs the FCoE Initialization Protocol (FIP) and
instantiates or de-instantiates VN_Ports and FCoE_LEPs as needed.

For an ENode’s MAC, the FCoE Controller:

a) initiates the FIP discovery protocol in order to discover VF_Port capable FCF-MACs connected
to the same Lossless Ethernet network;

b) initiates FIP FLOGI Exchanges and instantiates a VN_Port/FCoE_LEP pair after successful
completion of each FIP FLOGI Exchange with a VF_Port capable FCF-MAC;

c) initiates FIP FDISC Exchanges and instantiates a VN_Port/FCoE_LEP pair after successful
completion of each FIP FDISC Exchange with a VF_Port capable FCF-MAC;

d) de-instantiates a VN_Port/FCoE_LEP pair when that VN_Port is logged out;

e) transmits periodic FIP Keep Alive messages using the ENode MAC address;

f) monitors the status of instantiated VN_Ports and transmits periodic FIP Keep Alive messages
on their behalf; and

g) monitors the status of VF_Ports the instantiated VN_Ports are logged in with by maintaining
timers and verifying periodic FIP Discovery Advertisements are received within every
FKA_ADV_PERIOD.

VN_Ports instantiated by an ENode MAC on successful completion of FIP NPIV FDISC Exchanges
are all associated to the same VF_Port, instantiated by the VF_Port capable FCF-MAC on successful
completion of a FIP FLOGI Exchange.

The FCoE_LEP is the functional entity performing the encapsulation of FC frames into FCoE frames
in transmission and the decapsulation of FCoE frames into FC frames in reception. An FCoE_LEP
operates according to the two parameters defining the Virtual Link, the MAC address of the local link
end-point, and the MAC address of the remote link end-point. When encapsulating FC frames into
FCoE frames, the MAC address of the local link end-point shall be used as source address and the
MAC address of the remote link end-point shall be used as destination address of the generated
FCoE frame. When decapsulating FC frames from FCoE frames, the FCoE_LEP shall verify that the
destination address of the received FCoE frame is equal to the MAC address of the local link end-
point and shewtd-shall verify that the source address of the received FCoE frame is equal to the MAC
address of the remote link end-point.

For an FCoE_LEP of an ENode MAC, the MAC address of the local link end-point is the MAC
address associated with its VN_Port and the remote link end-point address is the FCF-MAC address
associtated with the remote VF_Port. The VN_Port may use an FPMA or an SPMA as its MAC
address.

A VN_Port is an instance of the dataferwardirg-cempenrenrt-FC-2V sublevel of an-FS-Enrtity-Fibre
Channel that emutates-operates as an N_Port (see FC-FS-3) and is dynamically instantiated on

successful completion of a FIP FLOGI Exchange or a FIP NPIV FDISC Exchange. A VN_Port
receives FC frames from the upper FC levels and sends them to its FCoE_LEP for encapsulation and
transmission over the Lossless Ethernet network. In a similar way, a VN_Port sends FC frames
received from its FCoE_LEP to the upper FC levels. A VN_Port may support one or more FC-4s. A
VN_Port is uniquely identified by a-N—Pert—Name-an N_Port_Name Name_ldentifier and is
addressed by the address identifier the Fabric assigned to it. The VN_Port behavior shall be as
specified in FC-LS and FC-FS-3, with the exception that a VN_Port is instantiated on successful
completion of a FIP FLOGI Exchange or a FIP NPIV FDISC Exchange, ignoring the felewirg
exeeptens:buffer-to-buffer flow control parameters, rather than on completion of a native FLOGI or
NPIV FDISC Exchange.
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7.4 FBBEMEPRerAHF—PRer-FCF functional model

Figure 5 shows the functional model of an FCF, where the bracketed functional components are
optional. An FCF is functionally composed of a Fibre Channel Switching Element (see FC-SW-4) with
at least one Lossless Ethernet MAC (FCF-MAC). Each FCF-MAC shall be coupled with an FCoE
Controller function. Each FCF-MAC may be coupled with a Lossless Ethernet bridging element. The
Fibre Channel Switching Element may be coupled with a Fibre Channel Fabric interface, providing
native E_Port and F_Port connectivity. An FCF forwards FCoE frames addressed to one of its
FCF-MACs based on the D_ID of the encapsulated FC frames.
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Figure 5 — FC-BB_E VE_Port/VF_Port functional model

NOTE 1 — Other combinations of Lossless Ethernet bridging elements and Lossless Ethernet MACs connec-
tions are allowed.

o _ _— | | | -
VEPRortM—Pertfunctional-modek

An FCF-MAC shall support the instantiation of VE_Ports ardfor VF_Ports. An FCF-MAC supporting
the instantiation of VE_Ports is referred to as a VE_Port capable FCF-MAC. An FCF-MAC supporting
the instantiation of VF_Ports is referred to as a VF_Port capable FCF-MAC. Suppertfer-An FCF-
MAC shall not support both VE_Ports and VF_Ports en-the-sameFEFHMACisallewedbutrot
reecemmendedconcurrently.

The FCoE Controller is the functional entity that performs the FCoE Initialization Protocol (FIP) and
instantiates or de-instantiates VE_Ports, VF_Ports, and FCoE_LEPs as needed.
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For a VE_Port capable FCF-MAC, the FCoE Controller:

1) discovers other VE_Port capable FCF-MACs connected to the same Lossless Ethernet net-
work using the FIP discovery protocol;

2) instantiates a VE_Port/FCoE_LEP pair after successful completion of each FIP ELP Exchange
with a remote FCF-MAC,;

3) de-instantiates a VE_Port/FCoE_LEP pair when appropriate;

4) monitors the status of the instantiated VE_Ports; and

5) monitors the status of remote VE_Ports by maintaining timers and verifying that periodic FIP
Discovery Advertisements are received within every FKA_ADV_PERIOD.

For a VF_Port capable FCF-MAC, the FCoE Controller:

1) participates in the FIP discovery protocol initiated by an ENode MAC;

2) instantiates a VF_Port and an FCoE_LEP after successful completion of each FIP FLOGI Ex-
change initiated by an ENode MAC,;

3) instantiates an additional FCoE_LEP after successful completion of each FIP NPIV FDISC Ex-
change initiated by an already logged in ENode MAC;

4) when a VN_Port is logged out, de-instantiates the FCoE_LEP associated to that VN_Port and
the corresponding VF_Port if that FCoE_LEP was the only one associated with that VF_Port;

5) monitors the status of the instantiated VF_Ports;

6) monitors the status of the logged in ENodes by verifying that periodic FIP Keep Alive messages
are received within FKA_ADV_PERIOD; and

7) monitors the status of the logged in VN_Ports by maintaining timers and verifying that periodic
FIP Keep Alive messages are received within 90 seconds.

VN_Ports instantiated by an ENode MAC on successful completion of FIP NPIV FDISC Exchanges
are all associated to the same VF_Port, instantiated by the VF_Port capable FCF-MAC on successful
completion of a FIP FLOGI Exchange.

The FCoE_LEP is the functional entity performing the encapsulation of FC frames into FCoE frames
in transmission and the decapsulation of FCoE frames into FC frames in reception. An FCoE_LEP
operates according to the two parameters defining the Virtual Link, the MAC address of the local link
end-point, and the MAC address of the remote link end-point. When encapsulating FC frames into
FCoE frames, the MAC address of the local link end-point shall be used as source address and the
MAC address of the remote link end-point shall be used as destination address of the generated
FCoE frame. When decapsulating FC frames from FCoE frames, the FCoE_LEP shall verify that the
destination address of the received FCoE frame is equal to the MAC address of the local link end-
point and shewtd-shall verify that the source address of the received FCoE frame is equal to the MAC
address of the remote link end-point.

For a VF_Port capable FCF-MAC, the MAC address of the local link end-point is the FCF-MAC
address and the MAC address of the remote link end-point is the MAC address associated with the
remote logged in VN_Port. The remote VN_Port may use an FPMA or an SPMA as its MAC address.

For a VE_Port capable FCF-MAC, the MAC address of the local link end-point is the FCF-MAC
address and the MAC address of the remote link end-point is the MAC Address of the remote FCF-
MAC with which a FIP ELP Exchange has been successfully completed.

A VE_Port is an instance of the dataferwarding-cempenent-FC-2V sublevel of anFSEntity-Fibre
Channel that emulates-operates as an E_Port (see FC-SW-5) and is dynamically instantiated on

successful completion of a FIP ELP Exchange. A VE_Port receives FC frames from the FC Switching
Element and sends them to its FCoE_LEP for encapsulation and transmission over the Lossless
Ethernet network. In a similar way, a VE_Port sends FC frames received from its FCoE_LEP to the
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FC Switching element. A VE_Port is uniquely identified by a-VE—Re+rt—Name-an E_Port_Name
Name_Identifier and is addressed by the Fabric Controller address identifier (i.e., FFFFFDh). The
VE_Port behavior shall be as specified in FC-SW-4, with the fellewirg-exeeptions:exceptions that a
VE_Port is instantiated on successful completion of a FIP ELP Exchange, ignoring the buffer-to-
buffer flow control parameters, rather than on completion of a native ELP Exchange.

A VF_Port is an instance of the dataferwarding-ecomponent-FC-2V sublevel of arFSEntity-Fibre
Channel that emtutates-operates as an F_Port (see FC-SW-5)and is dynamically instantiated on

successful completion of a FIP FLOGI Exchange. A VF_Port receives FC frames from the FC
Switching Element and sends them to the proper FCoE_LEP for encapsulation and transmission
over the Lossless Ethernet network. In a similar way, a VF_Port sends FC frames received from one
of its FCoE_LEPs to the Fibre Channel Switching element. A VF_Port is uniquely identified by &
V—Pert—Name-an F_Port_Name Name_ldentifier and is addressed by the F_Port Controller
address identifier (i.e., FFFFFEh) The VF_Port behavior shall be as specified in FC-LS and FC-FS-
3, with the fellewinrg-exeeptiens:exception that a VF_Port is instantiated on successful completion of
a FIP FLOGI Exchange, ignoring the buffer-to-buffer flow control parameters, rather than on
completion of a native FLOGI Exchange.

The Fibre Channel Switching Element is the functional entity performing Fibre Channel switching
among E_Ports, F_Ports, VE_Ports, and VF_Ports. A Fibre Channel Switching Element is uniquely
identified by a Switch_Name Name_ldentifier. The behavior of the Fibre Channel Switching Element
shall be as specified in FC-SW-4.
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7.5 FCoE Virtual Links

Figure 6 shows how the models defined in 7.3 and 7.4 model VN_Port to VF_Port Virtual Links.
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Figure 6 — VN_Port to VF_Port Virtual Links

On successful completion of a FIP FLOGI Exchange, the FCoE Controller for an ENode MAC
instantiates a VN_Port/FCoE_LEP pair (VN_Port(1) in figure 6) and the FCoE Controller of a VF_Port
capable FCF-MAC instantiates a VF_Port/FCoE_LEP pair.

On successful completion of a FIP FDISC Exchange, the FCoE Controller for an ENode MAC
instantiates a VN_Port/FCoE_LEP pair (VN_Port(2) in figure 6) and the FCoE Controller of a VF_Port
capable FCF-MAC instantiates an additional FCoE_LEP to the instantiated VF_Port.

On successful completion of an additional FIP FDISC Exchange, the FCoE Controller of an ENode
MAC instantiates a VN_Port/[FCoE_LEP pair (VN_Port(3) in figure 6) and the FCoE Controller of a
VF_Port capable FCF-MAC instantiates an additional FCoE_LEP to the instantiated VF_Port.

Figure 6 shows the Virtual Links end-points, that are the MAC addresses used by the VN_Ports (i.e.,
MAC VN_Port(1), MAC VN_Port(2), and MAC VN_Port(3)), and the FCF-MAC address. When
SPMAs are used, multiple VN_Ports behind the same Lossless Ethernet MAC may use the same
MAC address.
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Figure 7 shows how the model defined in 7.4 model VE_Port to VE_Port Virtual Links.
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Figure 7 — VE_Port to VE_Port Virtual Links

On successful completion of a FIP ELP Exchange, the FCoE Controllers of the two involved VE_Port
capable FCF-MACs instantiate a VE_Port/FCoE_LEP pair. Figure 7 shows the Virtual Links end-
points, that are the MAC addresses of the two involved VE_Port capable FCF-MACs (i.e.,

FCF-MAC(1) and FCF-MAC(2)).
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