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Service Adaptation to SONETService Adaptation to SONET
Why is it Important?Why is it Important?

� Interoperable SONET-based services today
� Ethernet over SONET should be no different
� Different vendors are often present at both end points of connection
� Native Ethernet hand-offs add cost and complexity

� Standardize service mappings into SONET to leverage existing SONET 
infrastructure

� Support Ethernet, SAN, and other services
� Hide all protocol/service specific attributes – transport services using generic SONET
� Multiple protocols across diverse platforms – support different platforms at end points
� Flexible bandwidth allocation and multiplexing
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Service Adaptation ProtocolsService Adaptation Protocols
New Life for SONETNew Life for SONET

� Generic Framing Procedure (GFP)
- Standard’s-based data encapsulation procedure
- Supports efficient mapping of a wide variety of data protocols 

including Ethernet, ESCON, FICON, Fibre Channel, and digital 
video into SONET or digital wrapper

� Virtual Concatenation (VC)
- Method for efficiently sizing the transport pipes
- Maximize bandwidth utilization by providing more flexible 

channel sizing over a SONET network
- Inverse multiplexing of payload into multiple STS-1s or VT1.5s

� Link Capacity Adjustment Scheme (LCAS)
- Fine-tuning the bandwidth of a transport pipe
- Mechanism for dynamically adjusting the rate of a virtually 

concatenated service



Service Adaptation ProtocolsService Adaptation Protocols
Generic Framing ProcedureGeneric Framing Procedure

� A generic mechanism to adapt higher-layer client signals for 
transport over SONET or OTN (digital wrapper) networks

� Mappings standardized for a wide variety of data signals

� Both PDU-oriented (frame mode) and block-coded character 
oriented (transparent mode) mappings defined

� Leverages the existing SONET transport infrastructure to carry data 
and SAN services
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Service Adaptation ProtocolsService Adaptation Protocols
Virtual ConcatenationVirtual Concatenation

� Virtual concatenation supports improved payload granularity over the traditional 
SONET concatenated payload bitrates

� Virtual concatenation breaks a payload into individual channels (STS-1, STS-3c, or 
VT1.5)

� Each channel is transported separately over the network and may experience 
different delays

� At the end points the channels are recombined into contiguous bandwidth
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Service Adaptation Protocols Service Adaptation Protocols 
Link Capacity Adjustment SchemeLink Capacity Adjustment Scheme

� Method to synchronize the addition or removal of a channel from a virtual 
concatenation group without interrupting the traffic flow

� LCAS is initiated at the source node by a bandwidth manager application in 
the EMS/NMS or the control plane

� The provisioning of paths is not part of LCAS:  a path must be created by 
the EMS/NMS or control plane before it is added to a virtual concatenation 
group

� Protection is provided for diversely routed channels since failed channels 
are automatically detected and deactivated
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Ethernet over SONET (EoS)
Using GFP, VCAT



Service Adaptation Protocols Service Adaptation Protocols 
GFPGFP--Frame Mapping for Ethernet ServicesFrame Mapping for Ethernet Services

10/100,
GbE SONET

Mapper
with VC

SONET
InfrastructureOC-12/48/192

� Client Ethernet PDU preserved intact through the network
� Ethernet frame to GFP frame encapsulation / decapsulation
� Operates for 10/100, 1Gbps and 10 Gbps rates
� At 10Gbps there two approaches: WAN PHY and LAN PHY
� Virtually-concatenated paths sized to fit individual client signals
� Signals may be routed by switching VC paths (STS-1 or STS-3c 

switching)

Ethernet - WAN PHY



Service Adaptation into SONETService Adaptation into SONET
EoS Adaptation RequirementsEoS Adaptation Requirements

� It is important to consider requirements in 
the following areas:
� Mapping into SONET using GFP and VCAT

� Mapping Efficiency

� Fractional Rate Services

� Performance Monitoring

� Error Detection and Propagation

� Flow Control

� Protection Mechanisms



Ethernet over SONET (EoS) adaptationEthernet over SONET (EoS) adaptation
Generic Framing Procedure RequirementsGeneric Framing Procedure Requirements

� cHEC and tHEC error detection with single bit error correction is 
required

� Transmitter with the option to include a GFP FCS
� Default to generate frames without GFP FCS

� Redundant feature since FCS already provided by Ethernet layer

� Required for error localization when ‘Virtual Wire’ service is supported

� Receiver must support GFP frames with or without FCS (using PFI bit)
� Checking the GFP FCS is desired but not mandatory

� Error localization to be provided by MAC FCS

� Support of Client Management frames is required
� Propagate loss of signal and synchronization to the far end

� Option to shutdown far end interface based on client management frame

� Potential mechanism for propagating status, error, and control information to be 
addressed by additions to GFP standard – as an example: 

- Reporting SONET receiver failures to the far end
- Initiating Ethernet loop back 



Ethernet over SONET (EoS) adaptation Ethernet over SONET (EoS) adaptation 
Virtual Concatenation RequirementsVirtual Concatenation Requirements

� Support for fixed concatenations is required
� STS-1, STS-3c, STS-12c

� High and low order virtual concatenation support is required
� STS-1-xv mappings for 10/100BT and 1GbE (support for STS-3-xv is optional)
� VT1.5-xv required for only for 10BT but may be desirable for partial rate 100BT 

services
� Rates similar to fixed concatenation should be supported (to allow hitless 

upgrades) - STS-1-1v, STS-1-3v
� VCAT support for non-LCAS mode should adhere strictly to ANSI T1.105.

� A differential delay of up to 5 ms must be supported (between the 
earliest and latest arriving frames)

� LCAS support is required
� Deactivating failed group members
� Hitless adding and removing bandwidth
� Providing protection for scenarios where the protection channel is used to carry 

data (dual working)



Ethernet over SONET (EoS) adaptation Ethernet over SONET (EoS) adaptation 
Ethernet RequirementsEthernet Requirements

� Transparent VLAN tag pass-through and Jumbo Frame support
� Layer 2 capabilities could allow TLS service to be implemented on SONET 

transport equipment directly (for future consideration)

� Ethernet MAC FCS must be checked at both ingress and egress as the 
default option

� Use MAC FCS to localize errors

� Option to turn off both ingress and egress checking

� Auto Negotiation
� Force negotiation to 10Mb for customers purchasing only a 10mb/s service (rate 

limiting for STS-1 mapped service)
� Flow control – Should flow control be mandatory for partial rate services?

� ‘Virtual Wire’ Service
� Propagating bad frames and client LOS
� Under consideration as a possible option 

� Currently not supported in GFP standard (bad frames must be dropped on 
ingress)

� GFP FCS will be required for error localization



Ethernet over SONET (EoS) adaptation Ethernet over SONET (EoS) adaptation 
Alarm and Error Detection RequirementsAlarm and Error Detection Requirements

� Ethernet
� Loss of Client Signal and Loss of Client Synchronization

� Remote Client Failure Detected

� Auto Negotiation Mismatch
� Excessive Error Ratio (MAC FCS)

� WAN Failure (total loss of capacity)

� WAN Bandwidth Reduction (partial loss of capacity)

� GFP
� Loss of Frame Delineation

� Excessive Error Ratio (GFP FCS)

� VCAT
� Loss of Multiframe

� Sequence Number Mismatch

� Loss of Alignment (differential delay too large)
� No remote LCAS

� LCAS Failures (source and sink ends)

� LCAS bandwidth increase/reduction



Ethernet over SONET (EoS) adaptation Ethernet over SONET (EoS) adaptation 
Error detection and PropagationError detection and Propagation

� Propagate client failures to the far end using GFP client 
management frames

� Option to shutdown far end interface based on near end failure

� Future option to propagate additional alarm and PM conditions to far end using 
extensions to client management message standard

� Propagate WAN failures to client interfaces
� Option to shutdown client interfaces based on WAN (SONET) failures

� Future option to use 802.3ah to propagate errors to the client 
without shutting down the interface

� Option to support Ethernet loopback and test frame generation
� Ability to test EoS circuits before client equipment is present



Ethernet over SONET (EoS) adaptation Ethernet over SONET (EoS) adaptation 
Flow Control RequirementsFlow Control Requirements

� Local flow control required for partial rate service
� EoS interface sends pause frames to client

� Buffers should be sized to maximize WAN utilization based on delay between 
EoS interface and Ethernet client

- Client receives pause frame and stops transmitting before EoS buffer overflows
- Client receives restart (pause 0 frame) before EoS buffer underflows

� End to end flow control
� Near end client sends pause frames to far end client

� EoS interface should support transparent pass-through or dropping pause 
frames

- The clients buffers must be large enough to handle the delay in the SONET network for 
transparent pause frame pass-through to function properly 

- Near end should not overflow while waiting for far end to pause 

� Responding to and propagating pause frames is a potential option but would 
require large buffers in the EoS interface

- This function may be best handled in the client device where larger buffers and CoS
information is available



SAN over SONET using GFP, VCAT



Fiber ChannelFiber Channel
OverviewOverview

� Evolution from data storage protocols connecting mainframe 
computers to storage devices 

� Fiber Channel is a protocol stack that consists of 5 layers (FC-0 
to FC-4). Its Data Link Layer operates in point-to-point mode 
and provides basic flow and error control mechanisms

� FC Data Link Layer basically follows a sliding window protocol that 
integrates flow and error control in a convenient way 

� How does FC flow control work?
� Flow Control is based on Buffer-to-Buffer credit mechanism, where the 

role of Buffer-to-Buffer credit is played by R_RDY acknowledgement 

� Fiber Channel flow control mechanism defines throughput for 
communication channel 

� At the same time efficiency of flow control mechanism depends on the 
distance between transmitter and receiver



Storage Area Network (SAN)Storage Area Network (SAN)
� FC/FICON SANs create two separate networks

� Networked “Any-Server” to “Any Storage Disk” model

� SCSI block level to storage data: Optimized for high performance and reliability

� Applications range from Tape Back-up, Application-Layer Replication to Data Center or

Synchronous Disk Mirroring
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Enabling SAN ExtensionEnabling SAN Extension

� FC/FICON SANs tend to evolve as islands on the scale of campus or data center with communication links that 
connect those islands to similar islands

� FC/FICON supports interconnection on campus (or within data center) scale with multimode fibre with distances for 
up to 500 m

� For connection of SAN islands over longer distances (over MAN/WAN network) port-to-port SAN extension between 
FC switches is used

� Current generation of DWDM and SONET equipment supports FC/FICON adaptation to SONET for transporting SAN 
over Metro/Regional Network
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Fiber ChannelFiber Channel
DWDM and SONETDWDM and SONET

� DWDM is protocol transparent - No capability to maintain flow 
control

� Flow control must be maintained in FC switches at both ends of the link

� GFP – T mapping of FC into SONET allows very efficient use of 
DWDM infrastructure for FC transport compared to dedicated 
wavelength approach

� Majority of DWDM capacity is occupied with SONET rings. 
SONET rings are asymmetrical with respect to distance for 
working and protect paths 

� When working and protect paths have considerable difference in 
distance and there is failure and revert scenario: the impact could be 
considerably decreased throughput (or break) for FC link.

� Solution to this is to make sure that FC switches at both ends 
have enough BB_credits to maintain steady flow of packets



Service Adaptation Protocols Service Adaptation Protocols 
Transparent Mapping for SAN ServicesTransparent Mapping for SAN Services

Fibre Channel,
FICON,
ESCON

SONET
Mapper
with VC

SONET
InfrastructureOC-12/48/192

� Client signals preserved intact through the network
� Transparent encapsulation / de-encapsulation for low latency and to 

preserve control information
� Operates on the coded character stream not PDU based
� Client characters in 8B/10B format recoded to 64B/65B
� Virtually-concatenated paths sized to fit individual client signals
� Signals may be routed by switching VC paths (STS-1 or STS-3c 

switching)
� A mix of protocols may be carried, each in its own VC path

SAN - WAN PHY
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Fiber ChannelFiber Channel
BufferBuffer--toto--Buffer Credits Buffer Credits 



Fiber ChannelFiber Channel
BufferBuffer--toto--Buffer Credits and ThroughputBuffer Credits and Throughput

� Typical rule-of-thumb is:
� 2 BB_Credits are required for every 1 km @ 1Gb/s

� 4 BB_Credits are required for every 1 km @ 2Gb/s

� Majority of Fiber Channel switches support up to 32 Buffer-to-
Buffer Credits (BB_Credits)

� @1Gbp/s: 100% Throughput is achieved for distances < 32/2 = 16 km
� @2Gbp/s: 100% Throughput is achieved for distances < 32/4 =  8 km

� For example, Cisco MDS 9216 Series has 256 Buffer-to-Buffer 
Credits (BB_Credits) per port

� Allowed to go a maximum distance of 256/2 = 128 km



Fiber ChannelFiber Channel
General ObservationsGeneral Observations

� GFP – T mapping for Fiber Channel is 
standardized (G.7041) 

� VCAT is standardized in ANSI T1.105

� LCAS is standardized in ITU-T G.7042

� But still, standards interpretation is still an 
issue (would NOT allow interoperability)



Thank you!  


