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Abstract:
This contribution discusses the specification of FEC-SSCS for AAL type 5.  The features of the
proposed specification are:

1. Compatibility with existing AAL type 5
2. FEC control parameters are negotiable and adjustable
3. Media and service independence
4. AAL-SDUs of variable length are supported
5. Pipelining transmission is supported
6. Minimization of processing costs for lossless transmission case
7. Three operational modes are supported
8. Cell-loss/bit-error occurance indication is supported.
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Specification of an FEC Service Specific Convergence Sublayer
for AAL5 and AAL 3/4

1 Introduction
This draft specifies the Forward Error Correction Service Specific Convergence Sublayer (FEC-SSCS).
The FEC-SSCS is located in the upper part of ATM Adaptation Layer on top of the Common Part
Convergence Sublayer (CPCS) of AAL type 5 and AAL type 3/4. The FEC-SSCS is used to obtain
high throughput and small latency reliable end-to-end data delivery.

[Editor's note:
In this draft, the detailed data formats are specified assuming the use of AAL type 5. We never
preclude the use of AAL 3/4 for the FEC scheme. In order to include the use of AAL 3/4,
additional effort may be required for amendments of the specification.

]

2 Service provided by FEC-SSCS
The FEC-SSCS provides the capability to transfer AAL-SDUs from a source AAL-SAP to a
destination AAL-SAP through the ATM network.
When a destination CPCS entity detects an error (bit error and/or cell loss) when receiving a CPCS-
SDU, the FEC-SSCS entity tries to recover the original data sent from the source CPCS entity using the
FEC (Forward Error Correction) algorithm specified in this specification.
FEC-SSCS has three operational modes, associated with three different error types it tries to recover.

a) SEC (Symbol Error Correction) Mode
 In the SEC mode, the FEC-SSCS entity only tries to recover bit errors in the symbols. (Symbols

are data units defined by the FEC algorithm. Typical symbol lengths are 8 bit, and 16 bit.) Missing
symbols, or missing cells, resp., are not subject of error recovery in this mode. When symbols are
missing due to cell discard in the network, the received frame will not be recovered.

b) SLC (Symbol Loss Correction) Mode
 In the SLC mode, it will be tried to recover only symbols that are missing due to cell loss. Bit

errors are not subject of error recovery.  When the recovery of missing symbols fails, the originally
received data is either delivered to the upper layer entity, together with an error indication, or not
delivered to the upper layer entity.

c) SEAL (Symbol Error And Loss correction) Mode
 In the SEAL mode, it will be tried to recovered both bit errors in symbols, and the absence of the

symbols due to cell discarding.

[Editor's note :
The basic data format and required algorithm can be common in the three operational modes. The
combination of functionalities of the individual modes differ.
(1) data format
 the payload of each cell (more generally: each vertical line defined by the FEC algorithm)

contains a CRC-10 field for error detection.
 {rationale:

− the CRC-10 calculation at the sender side does not require very high processing effort.
− the CRC-10 calculation (attaching CRC-10) at the sender side can be skipped in SLC

mode.
− bit error check using CRC-10 at the receiver can be skipped in SLC mode

 }



(2) Reed-Solomon (RS) error recovery algorithm
 It is assumed that only missing symbols are subject of error recovery. It is not assumed that

bit errors are subject of error recovery by the RS error recovery algorithm in the receiver.
 {rationale:

− In SEAL and SEC modes, the positions of symbol errors are detected by CRC-10. These
symbols may be assumed as missing symbols, rather than symbol errors in the RS error
recovery algorithm. This simplifies FEC processing at the receiver process.

− In SLC mode, the positions of missing symbols are detected by the SN field.
}

]

All operating modes provide the following services.
1. Cell-loss indication
 The primitive from FEC-SSCS to the upper layer includes a cell loss indication. When the received

CPCS-SDU experiences cell discarding, it is indicated to the upper layer using the cell loss
indication.

 
 [Editor's note:

 The cell loss indication may be useful for some transport protocols, e.g. TCP, to use cell loss
indication for flow/congestion control.

 ]
 
2. Bit error indication
 The primitive from FEC-SSCS to the upper layer includes a bit error indication.
 When the received CPCS-SDU contains bit errors, it is indicated to the upper layer using the bit

error indication.
 
3. FEC parameter negotiation
 The parameters of the FEC algorithm are negotiated after the connection set-up procedure. These

parameters can be modified during a session.
 
 [Editor's note :

 The method used for FEC parameter negotiation must be defined. In this draft, a method using in-
band signaling is assumed. The use of Q.2931 signaling, or the use of a signaling channel are for
further study (FFS). The in-band signaling message is identified using the CPCS-UU field.

 ]
 
4. Adjustment of the length of actually transmitted redundant data
 The length of redundant data is usually negotiated by the FEC parameter negotiation procedure.
 However, the source entity can decide how much redundant data is actually transmitted to the

destination entity.
 In other words, the FEC parameter negotiation procedure only specifies the maximum amount of

redundant data to be transmitted to the destination entity.
 
 [Editor's note :

 This operation is completely localized in the source entity, and allows to modify the amount of
redundant data of an FEC frame for cases in  which there is no need for negotiation between the
which there is no need for negotiation between the source and destination entities.

 For efficient processing of frames at the destination entity, the source entity has to indicate the
amount of redundant data actually sent to the destination entity. This information will be
explicitly given either by the LI (length indicator) of the CPCS trailer, or by the Number of
Redundant Cells (#RedCell) field in the CPCS-UU of the CPCS trailer.



 By this operation, the data transmission efficiency can be optimized by reduction (and
optimization) of the actually transmitted redundant data, without performing the FEC parameter
negotiation procedure.  The benefits of this operation are as followed:
a) Reduction of redundant data transmission overhead

 This option will work well when the end-station must transmit various length of packets,
e.g., from 100 bytes to 64 KBytes. For larger packets, a larger amount of redundant data
should be appended. If the end-station does not want to renegotiate FEC parameters for the
transmission of small packets, and appends the same number of redundancy cells to all
frames, the transmission overhead due to the redundant data would be large for small
frames.

 By adjustment of the actually transmitted redundant data, the number of redundancy cells
appended to small frames can be reduced.

b) Avoiding FEC parameter renegotiation overhead
 In some cases, the FEC parameter renegotiation procedure would be costly. Moreover,

when the generated packet size changes frequently, the end-station may have to perform
frequent FEC parameter renegotiations to reduce the transmission performance (i.e.,
latency and throughput). By using this operation, the frequency of FEC parameter
renegotiation can be reduced.

c) Low-cost implementation
 Some interface cards may support only one (or few) FEC parameters set(s). This could be

the case for low-cost FEC-SSCS implementations.  It can be generally assumed that the
implementation of this operation will be easier and simpler than the implementation of FEC
parameter renegotiation.

 ]
 
5. Variable size CPCS-SDU
 The size of a CPCS-SDU that is exchanged between an FEC-SSCS entity and a CPCS entity can

vary. The maximum size of a CPCS-SDU and the minimum size of a CPCS-SDU are specified by
parameters for the FEC-SSCS. Without the occurrence of errors, the CPCS-SDU experiences a
smaller data delivery latency from the source FEC-SSCS entity to destination FEC-SSCS entity.

 
6. Pipelined data transfer in source FEC-SSCS
 The source FEC-SSCS entity can transfer FEC-SSCS-PDUs by pipelining. By the use of

pipelining, the buffer resources in the source FEC-SSCS entity can be used more efficiently, the
transmission latency at the source FEC-SSCS can be reduced, and the burstiness of the resulting
ATM traffic can be reduced. Both the pipelining of AAL-SDU transmission and the pipelining of
FEC frame transmission should be supported to reduce the peer-to-peer data delivery latency.

 
 [Editor's note :

 The fragmentation of AAL-SDU into multiple FEC-SSCS-PDU will be performed for the large
size AAL-SDU transmission.

 In pipelining mode, the received FEC-SSCS-PDU will be transmitted to the upper layer before
whole of the AAL-SDU is completely received by FEC-SSCS entity. This operation mode is
similar to the streaming mode defined in I.363.  The benefits of this pipelining mode are:
a) Reduction of required receiving buffer space

 Some end-stations may not be able to allocate a sufficiently large buffer space to receive a
large AAL-SDU.  This will typically occur when the product of "number of VCCs" and
"Maximum AAL-SDU size" becomes large. By using the pipelining operation (i.e., AAL-
SDU fragmentation), buffer space to be allocated to the VCC can be reduced.



b) Reduction of control latency
 Since the error in the received AAL-SDU (e.g., IP packet) will be indicated by the FEC-

SSCS entity earlier than in the non-pipelining operation, the upper layer entity can perform
the end-to-end control (e.g., fast retransmission) earlier.  As a result, the performance (i.e.
latency and throughput) of the end-to-end data transmission will be improved.

 ]
 
7. Selection of operation mode
 The upper layer entity can select which operation mode is applied by the FEC-SSCS (i.e. selection

of SEC mode, SLC mode or SEAL mode).
 
 The referenced protocol structure associated with FEC-SSCS is shown below.
 

 

Upper layer

FEC-SSCS

CPCS

SAR

ATM

PHY

FEC-SSCS-DATA indication
FEC-SSCS-DATA request

CPCS-UNITDATA invoke

ATM-DATA request

CPCS-UNITDATA  signal

ATM-DATA indication

 Figure 1 Protocol reference model
 
 
 [Editor's note :

 Relationship of data units:
• Burst of FEC-SSCS-SDU = n FEC-SSCS-SDUs
• FEC-SSCS-SDU (=packet) = m FEC-SSCS-PDUs = m CPCS-SDUs
• FEC-SSCS-PDU (=FEC frame, with data-part and FEC-code-part)=CPCS-SDU

 Indication of end of data units:
• Burst of FEC-SSCS-SDU    : FEC-SSCS-BI --> CPCS-UU (1 bit)
• FEC-SSCS-SDU (=packet)   : FEC-SSCS-M  --> CPCS-UU (1 bit)
• FEC-SSCS-PDU (=CPCS-SDU) : ATM-UU     --> ATM-PT  (2 code points)

 ]
 



2.1 Primitives

2.1.1 Primitives between CPCS and FEC-SSCS

The primitives exchanged between CPCS and FEC-SSCS are described in Table 1.

Table 1: Primitives between CPCS and FEC-SSCS
Parameter Type Comments

Interface Data
(ID)

invoke
signal

whole or partial FEC-SSCS-PDU

More (M) invoke
signal

M=0: end of FEC-SSCS-PDU
M=1: not end of FEC-SSCS-PDU

CPCS-Loss Priority
(CPCS-LP)

invoke
signal

- invoke: CPCS-LP=0(high priority)
- signal: Mapped from the ATM layer's

congestion indication
parameter

CPCS-Congestion
indication
(CPCS-CI)

invoke
signal

Mapped to/from the ATM layer's
congestion indication parameter

CPCS-CI=1: congestion experienced
CPCS-CI=0: no congestion experienced

CPCS-User-to-User
indication (CPCS-UU)

invoke
signal

Transparently transported
by the CPCS (include indications:
end of burst (FEC-SSCS-BI),
FEC-SSCS-SIGI, end of FEC-SSCS-PDU)

CPCS-SDU Reception
Status (CPCS-RS)

invoke
signal

Indication of corrupted CPCS-SDU

The primitives are called "invoke" and "signal" instead of the conventional "request" and "indication", to
have a consistency with the specification of ITU-T I.363.

2.1.1.1 Primitives for the data transfer service

These primitives are CPCS-UNITDATA invoke and the CPCS-UNITDATA signal. They are used for
the data transfer.

1. Interface Data (ID)
 This parameter specifies the interface data unit exchanged between the CPCS and the FEC-SSCS

entity.  The interface data is an integral multiple of one octet.  It is assumed that the CPCS entity
operates in streaming mode.

2. More (M)
 This parameter specifies whether the Interface Data Unit is a beginning/continuation of an FEC-

SSCS-PDU or the end of an FEC-SSCS-PDU.
3. CPCS-Loss Priority (CPCS-LP)
 This parameter indicates the loss priority for the associated CPCS-SDU.  It can take only two

values, one is for high priority, and the other is for low priority.
 The CPCS-LP of invoke shall always indicate high priority.
 The CPCS-LP of signal will be mapped from the SAR-LP parameter.
 



4. CPCS-Congestion Indication (CPCS-CI)
 This parameter indicates whether the associated CPCS-SDU has experienced congestion. This

indication will be transparently transported to FEC-SSCS Congestion Indication, that will be
indicated to the upper layer. This parameter is mapped to and from the SAR-CI parameter.

 
5. CPCS User-to-User Indication (CPCS-UU)
 The parameter is transparently transported by the CPCS between FEC-SSCS entities. This

indication shall included at least
a) the indication of the end of a FEC-SSCS-SDU the end of a packet) and
b) the indication of the end of a burst (FEC-SSCS-BI).

6. CPCS-SDU Reception Status (CPCS-RS)
 This parameter indicates that the associated CPCS-SDU delivered may be corrupted (i.e. errored).

This parameter is used for the indication whether the FEC algorithm is performed. When the RS
indicates the reception of a corrupted CPCS-SDU, the FEC process is invoked.

 

2.1.1.2 Primitives for the abort service

The following primitives are used.
− CPCS-U-ABORT invoke and CPCS-U-ABORT signal
 This primitive is used by the FEC-SSCS entity to invoke the abort service.  It is also used to signal

to the FEC-SSCS entity that a partially delivered CPCS-SDU is to be discarded by instruction from
its peer entity (i.e. the source FEC-SSCS entity). These primitives are mapped to and from FEC-
SSCS-U-ABORT invoke and FEC-SSCS-U-ABORT indication.

− CPCS-P-ABORT signal
 This primitive is used by the CPCS entity to signal to the above FEC-SSCS entity that a partially

delivered CPCS-SDU is to be discarded due to the occurrence of some error in the CPCS or below
the CPCS. This primitive is mapped to FEC-SSCS-P-ABORT signal.

 

2.1.2 Primitives between FEC-SSCS and upper layer

The primitives exchanged between FEC-SSCS and upper layer are described in Table 2.



Table 2. Primitives between FEC-SSCS and upper layer
Parameter Type Comments

 Interface Data  request  whole or partial FEC-SSCS-SDU
 (ID) indication
 More (FEC-SSCS-M)  request  FEC-SSCS-M=0: end of FEC-SSCS-SDU

indication  FEC-SSCS-M=1: not end of FEC-SSCS-SDU
 Burst indication (*)  request  FEC-SSCS-BI=0: end of burst
 (FEC-SSCS-BI) indication  FEC-SSCS-BI=1: not end of burst
 FEC-SSCS-Loss  request - invoke: FEC-SSCS-LP=0(high priority)
 Priority indication - signal: Mapped from the ATM layer's
 (FEC-SSCS-LP)  congestion indication

 parameter
 FEC-SSCS-Congestion  request  Mapped to from the ATM layer's
 indication indication  congestion indication parameter
 (FEC-SSCS-CI)   FEC-SSCS-CI=1: congestion experienced

  FEC-SSCS-CI=0: no congestion experncd
 FEC-SSCS Cell Loss  request  Semantics of the value is FFS.
 indication indication
 (FEC-SSCS-CLI)
 FEC-SSCS Bit Error  request  Semantics of the value is FFS
 indication indication
 (FEC-SSCS-BEI)
 FEC-SSCS Signaling  request  FEC-SSCS-SIGI=1: signaling data
 indication indication  FEC-SSCS-SIGI=0: not signaling data
 (FEC-SSCS-SIGI)
 FEC-SSCS-User-to-  request  Transparently transported
 User indication indication  by the FEC-SSCS
 (FEC-SSCS-UU)  (functions are FFS)
 FEC-SSCS Reception  request  Indication of corrupted FEC-SSCS-SDU
 Status (FEC-SSCS-RS) indication

(*) The necessity of Burst indication is FFS (it may not be necessary).

2.1.2.1 Primitives for the data transfer service

These primitives are FEC-SSCS-DATA request and FEC-SSCS-DATA indication. They are used for
the data transfer. The following parameters are defined.

− Interface Data (ID)
 This parameter specifies the interface data unit exchanged between the FEC-SSCS and the upper

layer entity. The interface data is an integral multiple of one octet.
− More (FEC-SSCS-M)
 This parameter specifies whether the Interface Data communicated contains a beginning/continuing

of a FEC-SSCS-SDU or the end of FEC-SSCS-SDU. This parameter is mapped to and from the
indication contained in CPCS-UU.
 [Editor's note:

 This parameter is a more bit within a packet.
 One bit in the CPCS-UU is required.

 ]
− Burst Indication (FEC-SSCS-BI)
 This parameter specifies whether the transmission of an FEC-SSCS-SDU in the

beginning/continuing burst state, or in the end of burst state.
 



 [Editor's note:
 This parameter is a 'more' bit for a burst. A burst may correspond to a block of information that

the application wants to transmit. For the example of a file transfer, the burst may corresponds to
the file to be sent. One bit in CPCS-UU is required. The necessity of this parameter is FFS. This
parameter may be unnecessary.    ]

− FEC-SSCS-Loss Priority (FEC-SSCS-LP)
 This parameter indicates the loss priority for the associated EC-SSCS-SDU.  It can take only two

values, one is for high priority and the other is for low priority. The FEC-SSCS-LP invoke shall
always indicate high priority. The FEC-SSCS-LP signal will be mapped from the CPCS-LP
parameter.

− FEC-SSCS-Congestion Indication (FEC-SSCS-CI)
 This parameter indicates whether the associated FEC-SSCS-SDU has experienced congestion. This

indication will be transparently transported to the upper layer entity. This parameter is mapped to
and from the CPCS-CI parameter.

− FEC-SSCS Cell Loss indication (FEC-SSCS-CLI)
 This parameter indicates whether the associated FEC-SSCS-SDU has experienced cell discarding.

The usage of this parameter is up to the upper layer's decision. The semantic of the parameter value
is FFS.

− FEC-SSCS Bit Error indication (FEC-SSCS-BEI)
 This parameter indicates whether the associated FEC-SSCS-SDU did contain bit error(s). The use of

this parameter is up to the upper layer's decision. The semantic of the parameter value is FFS.
− FEC-SSCS Signaling Indication (FEC-SSCS-SIGI)
 This parameter indicates whether the associated FEC-SSCS-SDU contains a signaling message that

is to be indicated to the peer entity (FEC-SSCS entity).
 [Editor's note :
 This information must be transparently transported between FEC-SSCS entities. Therefore, one bit

in FEC-SSCS-UU is required for the use of this parameter.
− FEC-SSCS User-to-User Indication (FEC-SSCS-UU)
 The parameter is transparently transported by the FEC-SSCS between upper layer entities.
− FEC-SSCS Reception Status (FEC-SSCS-RS)
 This parameter indicates that the associated FEC-SSCS-SDU delivered may be corrupted (i.e.

failure of error recovery). This parameter is used for the indication whether the FEC algorithm was
performed.  When the CPCS-RS indicates the reception of a corrupted CPCS-SDU, the FEC process
is invoked.

 

2.1.2.2 Primitives for the abort service

For the abort service, the following primitives are used.
− FEC-SSCS-U-ABORT request and FEC-SSCS-U-ABORT indication
 This primitive is used by the upper layer entity to invoke the abort service. It is also used by the

upper layer entity to indicate that a partially delivered FEC-SSCS-SDU is to be discarded by
instruction from its peer entity (i.e. the source upper layer entity).  These primitives are mapped from
and to the CPCS-U-ABORT invoke and CPCS-U-ABORT signal.

− FEC-SSCS-P-ABORT indication
 This primitive is used by the FEC-SSCS entity to signal to the upper layer entity that a partially

delivered FEC-SSCS-SDU is to be discarded due to the occurrence of an error in the FEC-SSCS or
below the FEC-SSCS.

 When the FEC-SSCS entity receives a CPCS-P-ABORT signal from the CPCS entity below, the
CPCS-P-ABORT signal is mapped to the FEC-SSCS-P-ABORT signal.

 



2.2 Description of connections
Multiple data flows may be associated with a single FEC-SSCS connection. Within the FEC-SSCS
connection, different data flows are not explicitly identified by an identifier. The method how to
multiplex the multiple data flows of the upper layer into a single FEC-SSCS connection depends on the
upper layer's decision. A negotiation protocol is required between the associated upper layer entities in
order to support this type of multiplexing.

[Editor's note:
However, FEC-SSCS-UU may be used to provide a flow identifier for each data flow.

]

3 Interaction with the management and control plane

3.1 Management plane
for further study

3.2 Control plane
The parameters of the FEC algorithm can be negotiated both during FEC-SSCS connection set-up
phase and during a connection. The parameter negotiation during a connection must be after/before the
transmission of a burst, that is identified by FEC-SSCS-BI
(Burst indication).
The inband signaling (i.e. control) message is generated by the upper layer. The inband signaling
message is identified by the FEC-SSCS entity using FEC-SSCS-SIGI.  There would be a set of default
parameters for the FEC algorithm, but the parameters can also be specified and negotiated using
signaling messages.

Before exchanging the signaling messages (i.e. inband control messages) between peer FEC-SSCS
entities, the peer FEC-SSCS entities have to recognize that both entities provide FEC-SSCS
functionality.
There are two alternatives for this recognition procedure.

(a) Using an SSCS protocol identifier sub-field in Q.2931
(b) Using a user-to-user message provided by Q.2931

 
The transmission of (inband) signaling messages is not protected by FEC.

[Editor's note :
When the (inband) signaling message should be protected by FEC, ither default FEC parameters
or a parameter negotiation with Q.2931 is required. In this draft, it is assumed for simplicity that
the signaling messages are not protected by FEC.

]

Other service functions are FFS.

In order to allow control functions to use inband signaling messages, the semantic (i.e. the message
type) of the signaling message has to be specified. This parameter is defined as SID (i.e. signaling
semantics ID).

[Editor's note :
We may be able to define the assured mode operation as optional.  The current specification does
not provide an assured mode service (i.e. providing error-free data delivery). When the FEC
algorithm can not recover the errored information, the corrupted data is delivered (or not



delivered) to the upper layer with error indication by RS parameter. When the FEC-SSCS entity
contains sufficient buffer space, it may be possible to operate retransmission based error
correction for the case where the FEC algorithm fails to recover the errored information. This
optional retransmission scheme requires substantial implementation complexity for the SSCS.
For an upper layer with an additional retransmission scheme, detailed assessment of a
retransmissions scheme in the SSCS is required. The specification defined in this draft does allow
future extensions of an optional retransmission mode.

]

3.2.1 Primitives for FEC parameter negotiation

The primitives for FEC parameter negotiation messages are the same as the primitives specified in 2.1.1
and in 2.1.2.
In addition to the exchange of Interface Data (ID) between the upper layer and the FEC-SSCS entity,
the following primitives are defined. Both the upper layer and the FEC-SSCS entity may use these
parameters for negotiation of the FEC parameters.

Table 3: Primitives for FEC parameter negotiation
Parameter Type Comments

 Symbol Length   request  8xn bits (n>0) are specified
 indication (SYL) indication  Format is FFS
 Vertical Length  request  Usually indicating 46 octets length
 indication (VL) indication  Format is FFS.
 Maximum Length of  request  Must be less than [2^(8n)-FCPL]
 Horizontal Line (MHL) indication  (in symbol)
 FEC-Code-Part Length  request  2^(SNL) must be larger than the
 indication (FCPL) indication  maximum length of FEC-code-part.
 Selection of Operation  request  SOM=1 : Cell Loss is not recovered
 Mode (SOM) indication  SOM=2 : Bit Error is not recovered

 SOM=3 : Both are recovered
 Negotiation Status  request  NS=0h : hello polling
 indication (NS) indication  NS=1h : hello positive acknwldgmnt

 NS=2h : hello negative acknwldgmnt
 NS=3h : polling parameters
 NS=4h : polling positive acknwldgmnt
 NS=5h : polling negative acknwldgmnt
 NS=6h : confirmation

(#): SNL is the length of sequence number field
in the FEC-frame-header field.

These primitives are in the Interface Data (ID) of the FEC-SSCS-DATA request and the FEC-SSCS-
DATA indication. They are used for the transmission of negotiation (signaling) messages associated
with FEC parameters.

− Symbol Length indication (SYL)
 This parameter specifies the length of a symbol defined in the FEC algorithm.  The symbol is a

vector containing N bits (e.g. N=8m, m>0). When the symbol length is N bits, the maximum length
of user data and FEC's redundant data together must be less than 2^(N) symbols. A SYL of either 8
bits or 16 bits is recommended.

 



− Vertical Length indication (VL)
 This parameter specifies the length of a vertical line in the FEC frame. VL may be represented as an

octet. Usually, VL will indicate 46 octets.
 
− Maximum Length of Horizontal Line indication (MHL)
 This parameter specifies the maximum number of vertical lines associated with user data in the FEC

frame. MHL is represented as an integer, and must be less than [2^(N)-FCPL]. The sender or
receiver process can specify this parameter, e.g. due to the requirement of buffer resource in receiver
entity.

 
− FEC-Code-Part Length indication (FCPL)
 This parameter specifies the number of vertical lines associated with the FEC redundant information

part in the FEC frame. FCPL is represented as an integer.
 
− Selection of Operation Mode (SOM)
 This parameter specifies which operational mode is applied. When SOM=1 (i.e. cell losses are not

recovered), FEC is only used for bit error recovery (SEC: Symbol Error Correction Mode). When
SOM=2 (i.e. bit errors are not recovered), only symbols missing due to cell loss are subject of FEC
error recovery. (SLC: Symbol Loss Correction Mode) When SOM=3, both bit errors and cell loss
are subject of FEC error recovery. (SEAL: Symbol Error and Loss Correction)

 
− Negotiation Status indication (NS)
 This parameter specifies the status of negotiation between the associated peers. A Three way hand-

shaking method is adopted to obtain a secure negotiation.
 

 [Editor's note :
 The following length in bits seem to be appropriate for these parameters: SYL=6 bits (for

symbols of up to 64 bits), VL=6 bits (up to 64 symbols per vertical line), MHL>11 bits (for a
frame size of up to 64KB for 64 octets of vertical line), FCPL=4 bits (16 vertical lines),
SOM=2 bits and NS= 3 bits.

 When we have an octet alignment, it would be SYL=8bits, VL=8bits, MHL=16bits,
FCPL=8bits, SOM+NS=8 bit. The total length of this parameters would be 6 octets.

 ]
 

4 Functions, structure and coding of FEC-SSCS
The FEC-SSCS has the following service characteristics.

− In SEC mode, the receiving entity tries to recover bit errors
 in the user data part of the FEC SSCS PDU.  When bit errors are detected, the FEC error recovery

procedure is not performed. The originally received data is either delivered or not delivered to the
upper layer entity.

− In SLC mode, the receiving entity tries to recover cell loss
 in the user data part of the FEC-SSCS-PDU.
 When bit errors in the user data part of an FEC-SSCS-PDU are detected, the originally received data

is either delivered or not delivered to the upper layer entity.
− In SEAL mode, the receiving entity tries to recover both bit errors and cell losses in an FEC-SSCS-

PDU.
− The source FEC-SSCS entity can adjust the actually transmitted redundant data length, without the

FEC parameter renegotiation procedure.
 This redundant data length adjustment can be performed by local decision of the FEC-SSCS source

entity.



− The FEC-SSCS destination entity indicates to the upper layer whether the FEC-SSCS-SDU has
experienced cell loss.

− The FEC-SSCS destination entity indicates to the upper layer whether the FEC-SSCS-SDU did
contain bit error(s).

− FEC parameters can be negotiable both connection-by-connection and burst-by-burst.
− The FEC-SSCS source entity can transfer the CPCS-SDU (as well as the FEC-SSCS-SDU) by

pipelining.
 

4.1 Functions of FEC-SSCS
Three operating modes are provided.

(1)  SEC (Symbol Error Correction) mode
 The receiving entity tries to recover bit errors.
 When missing symbols due to cell discarding are detected, the error recovery process is not

performed.
 
(2)  SLC (Symbol Loss Correction) mode
 The receiving entity tries to recover lost symbols. When either bit errors in the symbols are detected,

or the recovery of missing symbols failed, the originally received data is either discarded or delivered
to the upper layer entity.

(3)  SEAL (Symbol Error And Loss correction) mode
 The receiving entity tries to recover both bit errors and cell losses in an FEC-SSCS-PDU.
 
The functions provided by FEC-SSCS include :

(a) Preservation of FEC-SSCS-SDU
 This function provides for the delineation and transparency of FEC-SSCS-SDUs.
(b) Preservation of FEC-SSCS-User-to-User information
 This function provides for the transparent transfer of FEC-SSCS user-to-user information.
(c) Error correction, and error handling
 This function provides for the correction and handling of FEC-SSCS-PDU (=CPCS-SDU)

corruption.
 Errors of an FEC-SSCS-PDU are detected using the error detection capability of the CPCS entity.
 When the received FEC-SSCS-PDU contains bit errors, the FEC-SSCS entity tries to recover errors

using the FEC algorithm. When the received FEC-SSCS-PDU does not contain any error, the FEC-
SSCS entity transfers the received FEC-SSCS-PDU while deleting the redundant information of the
FEC-SSCS-PDU.

 If the FEC algorithm cannot correctly recover the original FEC-SSCS-SDU sent by the source FEC-
SSCS entity, the FEC-SSCS-SDU is either discarded or is optionally delivered to the upper layer
entity with error indication.

(d) Creation of FEC frame
 This function provides for the creation of an FEC frame, that includes some redundant information

to recover the error at the destination FEC-SSCS entity.
 The FEC frame has a two dimensional matrix structure. Each FEC contains header fields for every

vertical line and FEC's redundant information field.
(e) Abort
 The function provides for the means to abort a partially delivered FEC-SSCS-SDU.
(f) Handling of congestion indication
 This function provides for the passing of congestion information between the layers above the FEC-

SSCS and the layer below in both direction.



(g) Handling of loss priority information
 This function provides for the passing of loss priority information between the layer above FEC-

SSCS and the layer below in both direction.
(h) Handling of cell loss indication
 This function provides for the indication whether the received FEC-SSCS-SDU has experienced cell

loss.
(i) Handling of bit error indication
 This function provides for the indication whether the received FEC-SSCS-SDU did contain bit

error(s).
(j) FEC parameter negotiation
 This function provides for the negotiation of FEC parameters. The FEC parameters are negotiated

burst-by-burst during a session, as well as connection-by-connection. The three way hand-shaking is
adopted for the negotiation.

Other functions are FFS.

4.2 FEC-SSCS-PDU and FEC-SSCS-SDU structure and coding

4.2.1 Abstraction of FEC-SSCS-PDU and FEC-SSCS-SDU Structure

The FEC-SSCS-SDU has a trailer, which includes a FEC-CPCS-UU field. However, the FEC-SSCS-
SDU does not have padding, length indicator, or error detection field. 48 octet alignment is provided
using the functionality of the CPCS entity.
One FEC-SSCS-SDU may correspond to one IP packet, and one burst of FEC-SSCS-SDUs may
correspond to a bulk of data (e.g. a user file) to be transmitted.

An FEC-SSCS-SDU generally generates multiple FEC frames from one FEC-SSCS-SDU. It attaches
the FEC-code-part and the header fields to every vertical lines.   One FEC frame may be separated into
two CPCS-SDUs. Then, one of two CPCS-SDUs contains the user-data-part, and the other contains the
FEC-code-part.

idle period

Burst of FEC-SSCS-SDUs Burst of FEC-SSCS-SDUs

FEC-SSCS-SDU FEC-SSCS-SDU

FEC Frame
(data)

FEC-F
(D)

FEC-F
(D)

eg. IP packet

 Figure 2  Data Structure Reference Model
(Burst / FEC-SSCS-SDU / FEC-Frame)



FEC-SSCS-SDU header

FEC-frame
data-part

FEC-frame
FEC-code

FEC-frame
data-part

FEC-frame
FEC-code

FEC-SSCS-SDU (e.g. IP packet)

Figure 3: Data Structure Reference Model
(FEC-SSCS-SDU / FEC-Frame)

CPCS-SDU (CPCS-PDU payload)  padding  UU  CPI  LI  CRC32

Figure 4: Data Structure Reference Model (CPCS-PDU)

4.2.2 Frame format of FEC-SSCS-PDU

The FEC-SSCS-PDU consists of the FEC-SSCS-SDU and the header that contains the FEC-SSCS-UU
parameter. The maximum size of an FEC-SSCS-SDU is for further study.

[Editor's note :
There would be no upper limit associated with the maximum size of an FEC-SSCS-SDU.  Since
the FEC-SSCS-SDU could correspond to IP packet in TCP/IP, the maximum size of an FEC-
SSCS-SDU would be equal to IP's MTU size.

]

1. FEC-SSCS-UU field
The FEC-SSCS-UU field is used to transparently transfer the FEC-SSCS user-to-user information.

FEC-SSCS-UU reserved FEC-SSCS-SDU (e.g. IP packet)

MI reserved

FEC-SSCS-SDU header

(1)

Figure 5 FEC-SSCS-PDU format

The MI (Message Identifier) field has length of one bit. This MI is mapped from FEC-SSCS-SIGI, that
indicate the message type of the FEC-SSCS-SDU, i.e. the peer-to-peer signaling message or user-data
message. MI=0 indicates that the FEC-SSCS-SDU contains a signaling message, and MI=1 indicates
that the FEC-SSCS-SDU contains a user-data message.

The size and coding rule of FEC-SSCS-UU and the reserved field is FFS.



4.2.3 Frame format of FEC frame

The format of FEC frame, that is actually transmitted from the source entity to the destination entity is
described in Figure 6.
The FEC frame consists of a user-data-part and FEC-code-part. Each part has a FEC-frame-header
field. The user-data-part contains a part (or whole) of the FEC-SSCS-SDU and the attached FEC-frame
header field.
The FEC-code-part contains the FEC redundant information field and the attached header field.

(1)  user-data field
 The user-data field is used to carry a part (or whole) of an FEC-SSCS-SDU. "n", the length in

vertical direction, is determined so that the length of the vertical line in the FEC frame,
{(t,1),(t,2),(t,3),...(t,n)}, is 46/a octet. Here, "a" is a integer larger than zero which is usually one. In
other words, the length of the vertical line in FEC frame is usually 48 octet, that is the payload
length of AAL5 SAR-PDU.

 The maximum length of the horizontal line in the user-data field is specified by the MHL parameter
in the signaling message specified in section 3.2.  The maximum length of the horizontal line in the

user-data must be less than [ 2 FCPLSYL − ] symbols.  Here, SYL is the symbol size in bit, and
FCPL is the horizontal length of FEC-code-part (s).

(2)  FEC redundant data field
 The FEC redundant data field is used to carry the appended data to protect the user-data field

information against bit error and cell loss.  The data in the FEC redundant data field is calculated
based on the defined FEC algorithm with the negotiated parameter (i.e. SYL and FCPL). The
calculation algorithm of the FEC redundant data vector, {(M+1,t),(M+2,t),...(M+s,t)}, is specified in
section 4.3. The length of the FEC redundant data vector ("S" symbols), is given by the FCPL
parameter in the signaling message specified in section 3.2.

(3)  FEC-frame-header field
 The FEC-frame-header field is used to identify the position in the associated x-axis of a missing or

errored vertical line and to detect bit errors in each vertical line.
 The length of the FEC-frame-header is 2 octets in each vertical line.

The detailed format and coding rule of the FEC-frame-header field is specified in section 4.2.4.

FEC-frame-header FEC-frame-header

X-axis (horizontal)

Y-axix
(vertical)

1 m M M+1
1

n+1

2

n mn mn+n

mn+11+(m-1)n

M+s M+S

(m+s)n

1 n+1

actually transmitted

user-data-part

actually transmitted

FEC-code-part

Figure 6 Structure of FEC frame

*  The matrix element in the FEC frame is presented by (x,y). And each element corresponds to a
symbol (e.g. 8 bits) specified in the FEC coding algorithm (i.e. the Read Solomon coding scheme).

a) Writing and reading order in FEC frame



 The writing order and the reading order are identical, to avoid the re-ordering procedure at the
destination FEC-SSCS entity that causes processing latency.

 
− writing order :

 (1,2),(1,3),(1,4) ..........(1,n+1),
 (2,2),(2,3),................(2,n+1),
 (3,2),(3,3).................(3,n+1),
     :            :              :
 (m,2),(m,3),................(m,n+1),
 (M+1,2),(M+1,3),............(M+1,n+1),
 (M+2,2),(M+2,3).............(M+2,n+1),
     :            :              :
 (M+s,2),(M+s,3).............(M+s,n+1)

 
− reading order :

 (1,1),(1,2),(1,3),(1,4),(1,5) .......(1,n+1),
 (2,1),(2,2),(2,3),(2,4),.............(2,n+1),
 (3,1),(3,2),(3,3),(3,4)....... ......(3,n+1),
     :            :              :
 (m,1),(m,2),(m,3),(m,4),.............(m,n+1),
 (M+1,1),(M+1,2),(M+1,3),(M+1,4),.....(M+1,n+1),
 (M+2,1),(M+2,2),(M+2,3),(M+2,4). ....(M+2,n+1),
     :            :              :
 (M+s,1),(M+s,2),(M+s,3),(M+s,4)......(M+s,n+1)

 
b) Data in FEC frame
 Each horizontal line (i.e. the horizontal vector) in the user-data-part corresponds to the user data

protected by the FEC redundant information, that is located at the same vertical position in the FEC-
code-part.

 symbols { }( , ),( , ),... , ( , ) ( )k k k m m M1 2   ≤ in the data-part are protected by "s" symbols

{ }( , ), ( , ), ... , ( , ) ( )k M k M k M s s S+ + + ≤1 2    in the FEC-code-part.

 

4.2.4 Format and coding rule of FEC-frame-header field

[Editor's note :
At this time, two types of formats are described in this draft.

]

The function of the FEC-frame-header field is as followed.

(a) Identification of the position of the errored or missing vertical lines, associated with horizontal
direction. In order to recover the errored or missing symbols in the user-data-part, the FEC algorithm
specified in this draft requires the exact position of the vertical line with bit error or missing
symbols.

 Error detection in the vertical line.
(b) In order to improve the error correction capability by the FEC algorithm, the FEC algorithm

specified in this draft requires the detection of bit errors in the vertical line, as well as it requires the
exact position of the vertical line with bit errors.

 In SLC mode operation, this function can be skipped.



In order to provide the above functionality, the following field and coding rule is provided.  All fields
exist in each vertical line in the FEC frame.  The length of the FEC-frame-header field of each vertical
line is 2 octets.

(i) Sequence Number (SN) field
 The SN field is used to identify the position of the vertical line associated with its horizontal

direction.
 When the length of the SN field is "q", 2^(q) must be larger than FCPL, the number of vertical lines

in the FEC-code-part. The SN of the first vertical line both in user-data-part and in FEC-code-part
always starts from zero (0).

 
 [Editor's note:

 SN would be either 5 bits or 4 bits.
 ]
 [Editor's note:

 The difference of the following two methods is the numbering rule of SN.
 ]
 
(ii) User/FEC (U/F) field
 The U/F field is used to identify which part, i.e. user-data-part or FEC-code-part, the received

vertical line belongs to. The U/F field has one bit and takes two values. "U" represents user-data-
part, and "F" represents FEC-code-part. The U/F field in user-data-part is always "U", and the U/F
field in FEC-code-part is always "F".

 
(iii) Parity (P) field
 The P field is used to perform the parity check for the FEC-frame-header field except the CRC field.

The purpose of the P bit is to detect bit errors in the FEC-frame-header field. A single bit error in the
FEC-frame-header field except the CRC field can be detected.

 
 [Editor's note :

 The use of Parity bit is FFS. ]
 
(iv) CRC field
 The CRC field is used to detect bit errors in the vertical lines.
 
Below, the format of the FEC-frame-header field and an example of field pattern is described.

[Editor's note :
At this time, two solutions are described.

]

[1] Solution #1
− SN: 5 bits (32 cycles sequential number)
− U/F: 1 bit  (user-data-part/FEC-code-part)
− CRC-10: 10 bits (for user data 46 bytes)

SN U/F CRC-10 user-data/FEC-code/CPCS-trailer
(5) (1) (10) (46x8)

2 octet

The sequence number SN is not reset during the transmission of FEC-SSCS-SDU.



CPCS-SDU FEC user-data-part FEC data-part
SN  2 3 4  5 6 7 --- 31 0 1 --- 30 31  0 1 2 3  4 5 6 7 --
U/F  F F F  U U U ---  U U U ---  U  U  F F F F  U U U U --

[2] Solution #2
− SN  : 4 bits (16 cycles sequential number)
− U/F : 1 bit (user-data-part/FEC-code-part)
− P   : 1 bit (parity check for SN+U/F)
− CRC-10 : 10 bits (for user data 46 bytes)

SN U/F P CRC-10 user-data/FEC-code/CPCS-trailer
(4) (1) (1) (10) (46x8)

2 octet

The sequence number SN always starts from zero at the beginning of user-data-part.

CPCS-SDU FEC user-data-part FEC data-part
SN  2 3 4  0 1 2 --- 15 0 1 --- 15 0 1  2 3 4 5  0 1 2--
U/F  F F F  U U U ---  U U U ---  U  U  F F F F  U U U --

4.2.5 Frame format of CPCS-PDU

The method to transport the FEC-frame is specified in this section. In order to avoid the large padding
field in the CPCS-PDU for the transmission of FEC-code part field, the following FEC frame
transmission method is applied.
If the FEC frame (which will have 48 octets alignment) is transmitted as a single CPCS-SDU, each
CPCS-SDU has 40 octets padding field.

[Editor's note:
At this time, three alternatives are proposed.
One method should be selected.

]

(a) Format A
 

First CPCS-SDU user-data-part (1) CPCS trailer

i-th CPCS-SDU FEC-code-part(i-1) user-data-part(i) CPCS trailer

Last CPCS-SDU FEC-code-part (N) CPCS trailer
 
 The length of FEC-code-part(i) is indicated by the #RedCell field at CPCS-UU in (i-1)-th CPCS

trailer.
 

 [Editor's note:
 Since the length of FEC-code-part(i-1) can be adjusted by the source entity without a FEC

parameter negotiation procedure, the length of FEC-code-part(i-1) must be indicated in every
CPCS-SDU transmission.

 ]
 
 



(a) Format B
CPCS-SDU(user-data) user-data-part CPCS trailer

CPCS-SDU(FEC-code) FEC-code-part CPCS trailer
 

**The last cell of CPCS-SDU(user-data)
user-data-part padding UU CPI LI CRC-32

**The last cell of CPCS-SDU(FEC-code)
FEC-code-part padding UU CPI LI CRC-32

 
 ## The FEC-code-part in the last cell of CPCS-SDU (FEC-code) will be null, when the vertical line

of FEC frame is exactly the same length as the cell length.
 This means this format always requires an additional cell that includes 40 cell padding field (i.e. no

user data in the cell).
 
 The length of FEC-code-part is indicated by the LI field in in CPCS trailer.
 

 [Editor's note :
 Since the length of FEC-code-part can be adjusted by the source entity without FEC

parameter negotiation procedure, the length of FEC-code-part must be indicated in every
CPCS-SDU transmission.

 ]
 
 
(a) Format C

CPCS-SDU(user-data) user-data-part FEC-code(#) CPCS trailer

CPCS-SDU(FEC-code) FEC-code-part CPCS trailer
 

**The last cell of CPCS-SDU(user-data)
user-data-part FEC-code(#) padding UU CPI LI CRC-32

*The last cell of CPCS-SDU(FEC-code)
FEC-code-part padding UU CPI LI CRC-32

 
 ## FEC-code(#) has a length of exactly 8 bytes, which is the length of the AAL5 CPCS trailer field.
 The FEC-code(#) is the last 8 bytes of the FEC-code-part : the last 8 bytes in the last vertical line in

the FEC-code-part. This means that, when the vertical line of the FEC frame is exactly the same
length as the cell length, the FEC-code-part in the last cell of CPCS-SDU(FEC-code) is 40 bytes and
there is no padding field.

 The data transmission order of the FEC-code part is little changed in this solution.
 After the transmission of FEC-code(#), which is the last 8 bytes in the FEC-code-part, the data

transmission is started from the first vertical line in the FEC-code-part.  This means that only the last
8 bytes of the FEC-code-part are transmitted in the CPCS-SDU(user-data).  Therefore, the vertical
line will be exactly in one cell for CPCS-SDU(FEC-code), when the length of the vertical line and
the cell length is exactly the same length. This solution would require additional implementation
complexity, but it allows to avoid having a always 40 bytes padding cell at the end of an FEC-frame,
even when it is defined that the vertical line length is exactly the same as the cell length.
Additionally, this allows to keep the alignment between the vertical line and cell in the FEC-code-
part.

 
 The length of FEC-code-part is indicated by the LI field in in CPCS trailer.



 
 [Editor's note :

 Since the length of FEC-code-part can be adjusted by the source entity without FEC
parameter negotiation procedure, the length of FEC-code-part must be indicated in every
CPCS-SDU transmission.

 ]
 

  The coding rule of CPCS-UU is specified below.

0 1 2 3 4 5 6 7
M BI Res #RedCell

Figure: Coding of CPCS-UU

(1) FEC-SSCS-SDU More Indication (M) field
 This field is used to indicate the end of the FEC-SSCS-SDU from the source FEC-SSCS entity to

the destination FEC-SSCS entity.
 The M indication is transparently transported. M=0 represents the end of an FEC-SSCS-SDU, and

M=1 represents the beginning or continuation of an FEC-SSCS-SDU.
 
(2) Burst Indication (BI) field
 This field is used to indicate the end of a burst from the source upper layer entity to the destination

upper layer entity.
 The BI indication value is transparently transported. BI=0 represents the end of the burst, and BI=1

represents the beginning or continuing of burst. BI field value may be examined in FEC-SSCS
entity.

 
 [Editor's note:

 The necessity of the BI bit is FFS. The BI bit may be unnecessary.
 ]

 
(3) Number of Redundant Cells (#RedCell) Field
 This field is used to indicate the number of redundant cells in the subsequent CPCS-SDU. The

#RedCell indication value is transparently transported.
 

 [Editor's note:
 The necessity of #RedCell is FFS. A length of 4 bits would be preferable.

 ]
 

4.2.6 Frame format of Signaling Message for FEC parameter negotiation

The following fields are specified as a  signaling message (FEC-SSCS-SDU) between the source upper
layer entity and the destination upper layer entity, in order to negotiate the FEC parameters.
The BI field of CPCS-UU for the FEC-SSCS-SDU must be 0, and the MI field must be 1.
These are the fields used for the transmission of negotiation (signaling) messages associated with FEC
parameters.

− Message Semantics identifier (SID)
 This field specifies the semantics (i.e. message type) of the following field information.
 The SID field has a length of one octet. The value in the SID field shall be zero (0).



− Symbol Length (SYL) indication field
 This field specifies the length of a symbol defined in the FEC algorithm. The symbol is a vector

containing 8xn bits (n>0).
 The value of "n" is indicated in the SYL field. The SYL field has a length of one octet.
− Vertical Length (VL) indication field
 This field specifies the length of a vertical line in the FEC frame.  VL may be represented by one

octet. Usually, VL may indicate 46 octets to have an alignment with cell length.
 The VL field has a length of one octet.
− Maximum Length of Horizontal Line indication (MHL)
 This parameter specifies the maximum number of vertical lines associated with user data in the FEC

frame. MHL is represented as an integer, and must be less than [2^(N)-1-FCPL]. The sender or
receiver process can specify this parameter, e.g. according to buffer requirements in the receiver
entity.

− FEC-Code-Part Length (FCPL) indication field
 This field specifies the number of vertical lines associated with the FEC redundant information part

in the FEC frame.  FCPL is represented by an integer.
 The FCPL field has a length of one octet.
− Selection of Operation Mode (SOM) indication field
 This field specifies which operational mode is applied.
 When SOM=1 (i.e. cell loss is not recovered), only symbols with bit errors are subject to FEC's error

recovery.
 When SOM=2 (i.e. bit error is not recovered), only missing symbols due to cell loss are subject to

FEC's error recovery.
 When SOM=3, both missing symbols and symbols with bit errors are subject to FEC's error

recovery.
 The SCLP field has a length of two bits.
− Negotiation Status (NS) indication field
 This field specifies the status of negotiation between the associated peers. A three way hand-shaking

method is adopted to obtain a secure negotiation.
 The NS field has a length of six bits.
 

NS SOM SID SYL VL MHL FCPL reserved
(6) (2) (8) (8) (8) (16) (8) (FFS)

FFS

4.3 FEC algorithm

4.3.1 Symbol length, FEC-frame size, and Correction capability

In the FEC frame specified in section 4.2.3, one Reed-Solomon block (RS-block) corresponds to one
horizontal line. Therefore, the FEC frame has n RS-blocks. The use of other FEC schemes is FFS.

[Editor's note :
When we support more than one FEC scheme, we must have some protocol and message to
negotiate which scheme is used associated with the establishing connection.
The method of FEC scheme negotiation is also FFS.

]

The FEC scheme uses a Reed-Solomon (M, M+S) code which is able to correct up to [S/2] errored
symbols or s erased (missing) symbols. Here, m is equal to or smaller than M, and s is equal to or
smaller than S, i.e., m M s S≤ ≤ and .



m and s are the number of vertical lines in FEC frame defined in 4.2.3.   m is the number of actually
transmitted vertical lines for the data-part, and s is the number of actually transmitted vertical lines for
the FEC-code-part.
Therefore, m+s vertical lines are actually transmitted from the source entity to the destination entity.

The RS(M, M+S) code can correctly recover the received data when the following equation is satisfied.

S a b≥ + 2

Here, "a" is the number of erased (missing) symbols, and "b" is the number of errored symbols, whose
position in the FEC frame is not identified.
Since the specified FEC frame has the CRC's bit error detection capability in each vertical line, the
actual error correction capability of the FEC algorithm based on an RS(M,M+S) code is as followed.

S a b≥ +

The symbols in a vertical line are assumed to be erased when bit errors occurred in this cell.
This means that the erasure mode is used for the correction of dummy symbols corresponding to cell
loss locations.

If the total number of vertical lines with bit errors is larger than "s", then the RS-Code may be used for
bit error detection in every row of symbols. In this case, the FEC frame can be recovered as long as not
more than s/2 symbols per row are errored. Implementation of the RS-Code's bit error detection is not
mandatory and depends on a vendor's decision. Also, the receiving entity of FEC-SSCS may use the
error correction capability of CRC-10 to correct a single bit error per cell. (This as well would be an
implementation issue and not subject to standardization.)

Reed-Solomon codes to be used are built over Galois Field ( 2 N ), and the generator polynomial G(X) is
given by :

G X X i k

i

S

( ) = − +

=

−

∏ α
0

1

where alpha is a root of the primitive polynomial, N is the size of a symbol in bits, and k is the base
exponent of the generator polynomial.
The specific generator polynomials to be used for the Reed-Solomon code are FFS. The generator
polynomial depends on the size of the symbols and the number of appended redundant symbols.

The symbol length is determined by (i) feasibility of implementation, and (ii) the allowable maximum
number of (M+S).
From the view point of implementation feasibility, the symbol length should be 4 bits, 8 bits, 16 bits, 32

bits and 64 bits. The allowable maximum number of symbols in an RS-block is given by 2 1N − .  Here,
N is the symbol length in bit.
Therefore, when the user-data in the vertical line is 46 octet, the maximum allowable size of data (i.e.
user-data-part + FEC-code-part) is given by the following table.

Symbol length Max. of M+S Max of User-data + FEC-code part

4 bits 15 690 Byte
8 bits 255 1.73  KByte

16 bits 65,535 3.015  MByte
32 bits 4.30x10^9 197.57 GByte
64 bits 1.85x10^19 8.51x10^20 Byte

Table 4. Symbol Length and FEC Frame Maximum Size



[Editor's note:
For the current IP (IPv4), 4 bit symbols or 8 bit symbols would be preferable.
For an ATM environment, 8 bit symbols or 16 bit symbols would be preferable.
16 bit symbols can cover the maximum SDU size of AAL type 5 by a single FEC frame.   8 bit
symbols can cover the default MTU for IP by a single FEC frame.

]
[Editor's note:

Some default value or well-known value should be specified, in order to reduce the
implementation complexity.
A likely default number of appended redundant symbols would be one for small FEC-SSCS-
PDUs (=FEC frames), and would be four for larger FEC-SSCS-PDUs.

]

4.3.2 Calculation of FEC redundant symbols

The FEC redundant symbols are calculated by the specified generator polynomial and user-data
symbols.

Generator Polynomial: G X( )
RS-block: { [ ], [ . ],..., [ ], [ ],..., [ ], [ ]}C M S C M S C S C S C C+ − + − −1 2 1 1 0
User-data: { [ ], [ ],..., [ ]}U m U m U− 1 1
FEC-data: { [ ], [ ],..., [ ]}F s F s F− −1 2 0

The transmitted data is User { [ ], [ ],..., [ ]}U m U m U− 1 1  and FEC-data { [ ], [ ],..., [ ]}F s F s F− −1 2 0
m is smaller than or equal to M, and s is smaller than or equal to S.

C M s i[ ]  (1+ − ≤ ≤i M)  is given by the following equation.

C M s i
U m i

P

i m

m i M
[ ]

[ ]  ( )

( )
+ − =

− + ≤ ≤
≤ ≤

⎧
⎨
⎩

⎫
⎬
⎭

1 1

  

Here, symbol P is a predetermined symbol that is shared between the source and the destination FEC-
SSCS entity.
The symbols C i[ ]  (m < ≤i M)  are only used for the calculation of FEC-data, and are not transmitted

to the destination FEC-SSCS entity.

{ [ ], [ ],..., [ ]}C s C s C− −1 2 0  is given by the following equation.

M X X Q X G X C S X C S X C X CS S S( ) * ( ) * ( ) [ ]* [ ]* ... [ ]* [ ]= + − + − + + +−1 2 1 01

Here,

M X C M S X C M S X C S X C SM M( ) [ ]* [ ]* ... [ ]* [ ]( ) ( )= + − + + − + + + +− −1 2 11 2

F i[ ]  (0 ≤ ≤i s -1)  is given by the following equation.

F s i C S i[ ] [ ]  (1− = − ≤ ≤i s)



4.3.3 FEC Error Recovery Algorithm

The correct symbols are obtained by the following calculation, when the received symbol vector is

{ }R m s R m s R s R s R R[ ], [ ],..., [ ], [ ],.., [ ], [ ]+ − + − −1 2 1 1 0 .The received symbol vector have

missing symbols and symbols with bit errors. The positions of missing symbols and symbols with bit
errors can be identified by the sequence number (SN).
Here, the errored/missing symbols in the user-data part are represented by

{ }EU EU EU q[ ], [ ],..., [ ]1 2   (1 q m)≤ ≤ , and the errored/missing/not transmitted symbols in FEC-

code part are represented by { }EF EF EF r S s r S EF i i S s[ ], [ ],..., [ ] ( ) [ ]  ( )1 2 1  .  − ≤ ≤ ≤ ≤ − are

the symbols in FEC-code part that are not actually transmitted from the source entity, and
EF i S s i r[ ]  ( )− < ≤ are the symbols in FEC-code part, that are errored/missed during cell

transmission.

[Editor's note:
The symbols in FEC-code part, that are not actually transmitted from the source entity,
EF i i S s[ ] ( ) 1≤ ≤ − are assumed as the missing/errored symbols in FEC error recovery

algorithm.
Execution of the FEC error recovery algorithm is not triggered when there are no errored/missing
symbols in user-data part, even when there are errored/missing/not transmitted symbols in the
FEC-code part.

]

When q+r is equal to or smaller than S, the errored user date { [ ], [ ],... , [ ]}EU EU EU q1 2 can be

correctly recovered. The errored/missing symbols, ( R x i q ri[ ] )  (1 ≤ ≤ + , are the unknown variables,

and are obtained by the following equation:

R X Q X G X( ) ( ) * ( )=
Here,

R X R m s i X P X

R s i X EF i s X

M S i M S i
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The generator polynomial (G(X)) and the pre-determined symbol (P) are shared between source and
destination FEC-SSCS entities. Since the G(X) has "S" independent solutions, {a[1],a[2],...a[S]}, the
following "S" equations are obtained.

R a i( [ ]) = 0   [ where, G a i i S( [ ]) ,= ≤ ≤0 1  ]

[Editor's note:
How to implement this algorithm is an implementation issue.

]

Since the length of the user-data-part is indicated by LI (Length Indicator) in the CPCS-trailer, the
destination FEC-SSCS entity can identify the originally transmitted user-data {U[m],U[m-1],...U[1]}
(m<=M).



5 Procedure for the FEC-SSCS sublayer

5.1 State Variables
FFS.

5.2 Procedure in User-Data Transfer Phase
The procedure in user data transfer phase is specified by pseudo-code.

[Editor's note:
The pseudo-code is assuming Format A.

]

5.2.1 Procedure at the FEC-SSCS Source Entity

The pseudo-code at the sender process of the FEC-SSCS entity is specified.

  <<START>>
  Receive FEC-SSCS-SDU (partial part of SDU) ;
  While (BI==0) # in the burst status
  {
   While [(number of vertical line < MHL) .AND. (FI=0) == true]
    {
     Calculate_FEC-code-part #1 (user-data, FEC-code-part);
     Calculate_AAL5-Trailer (vertical line, CRC-32, LI);
     Create/send_vertical-line_#1 (SN,U/F,P,CRC-10,user-data);
     Receive FEC-SSCS-SDU (next partial part of SDU);
    }
   Calculate_FEC-code-part_#2 (user-data, FEC-code-part);
   Calculate_AAL5-Trailer (vertical line, CRC-32, LI);
   Create/send_vertical-line_#2 (SN,U/F,P,CRC-10,user-data,CRC-32,LI);
    While (number of vertical line < FCPL)
    {
     Calculate_AAL5-Trailer (vertical line, CRC-32, LI);
     Create/send_vertical-line_#1 (SN,U/F,P,CRC-10,FEC-code);
     }
   if (FI == 1)
    {
     Calculate_AAL5-Trailer (vertical line, CRC-32, LI);
     Create/send_vertical-line_#2 (SN,U/F,P,CRC-10,FEC-code);
     }
  }
  if [(BI == 1) .AND. (FI == 0)]
   {
    ERROR;
   }
  <<STOP>>

[Procedure of Functions]
(a) Create/send_vertical-line_#1 (SN,U/F,P,CRC-10,data);
 Input is either user-data or FEC-code in the full length of the single vertical line (i.e. typically 46

octet).
 Output is the vertical line with complete header field (i.e. SN,U/F,P and CRC-10).
 In the SLC mode, the calculation of CRC-10 can be skipped.
(b) Create/send_vertical-line_#2 (SN,U/F,P,CRC-10,data);
 Input is either user-data or FEC-code in the full or partial length of the single vertical line.
 Output is the full/partial length of vertical line with complete header field (i.e. SN,U/F,P and

CRC-10). In the SLC mode, the calculation of CRC-10 can be skipped.



(c) Calculate_FEC-code-part_#1 (user-data, FEC-code-part) ;
 Input is the user-data in the full length of single vertical line (i.e. typically 46 octet).
 Output is the vertical line of FEC-code-part (i.e. FCPL of vertical lines).
(d) Calculate_FEC-code-part_#2 (user-data, FEC-code-part) ;
 Input is the user-data in either the full or partial length of a single vertical line.
 When the input user-data is not the full length of the vertical line, the symbol pattern of the

remaining part is assumed to be some predefined pattern for the FEC calculation.
 Output is the vertical line of FEC-code-part (i.e. FCPL of vertical lines).

 

5.2.2 Procedure at the Receiver FEC-SSCS Entity

The pseudo-code at the receiver process in FEC-SSCS entity is specified.

5.2.2.1 SEC (Symbol Error Correction) mode operation

  <<START>>
  Error[p] = no-error;
  Missing[p] = not-missing
  Receive CPCS-SDU;
  While (BI==1) # in the burst status
  {
   While (FEC-SSCS-M==1)
    {
     Check_CRC-32;
     Check_LI;
     If [(check_CRC-32) == no-error]
      {
       Error[c]=non-error;
       Send_User-Data (user-data-part);
       if (Error[p] == error)
        {
         FEC_Recovery_Process(SEC);
        }
      }
     else
      {
      Error[c]=error
      if [(Check_LI) == no-error)]
       {
        if (Error[p] == error)
         {
           FEC_Recovery_Process(SEC);
         }
        }
       else
       {
        Check_SN-User-Data;
          if (Missing[p] == not-missing)
           {
             Check_SN-FEC-Code;
           }
        if (Check_SN-User-Data == missing)
         {
          FrameError[p];
          Missing[c]=missing;
         }
         else
         {
          Missing[c]=not-missing;
          Check_Error-User-Data;
           if (Check_Error-User-Data == no-error)



            {
             Send_User-Data (user-data-part);
             Error[c]=non-error;
            }
           else
            {
             Error[c]=error;
            }
          }
        if (Missing[p] == not-missing)
         {
          Check_SN-FEC-Code;
          if (Check_SN-FEC-Code == not missing)
           {
            FEC_Recovery_Process(SEC);
           }
         }
       }
      }
     Error[p]=Error[c];
     Missing[p]=Missing[c];
     Receive CPCS-SDU;
    }
  }

 <<STOP>>

[Procedure of Functions]
a) Error [i] (i=p,c)
 This parameter indicates whether the FEC frame has an error or not.  i=p represents the previous

FEC frame, and i=c represents the current FEC frame.
b) Missing[i] (i=p,c)
 This parameter indicates whether the FEC frame has a missing symbol or not. i=p represents the

previous FEC frame, and i=c represents the current FEC frame.
c) FEC_Recovery_Process (SEC)
 This function represents the FEC error recovery process operating in SEC mode.
d) Check_SN-User-Data
 This function indicates whether the user-data part has a cell loss using SN check.
e) Check_SN-FEC-code
 This function indicates whether the FEC-code-part has a cell loss using SN check.
f) Check_Error-User-Date
 This function indicates whether the user-data-part has a bit error by using CRC-10's error check

sequence.
 

5.2.2.2 SLC (Symbol Loss Correction) mode operation

  <<START>>
  Error[p] = no-error;
  Missing[p] = not-missing
  Receive CPCS-SDU;
  While (BI==1) # in the burst status
  {
   While (FEC-SSCS-M)
    {
     Check_CRC-32;
     Check_LI;
     If [(check_CRC-32) == no-error]
      {
       Error[c]=non-error;



       Send_User-Data (user-data-part);
       if (Missing[p] == missing)
        {
         FEC_Recovery_Process(SLC);
        }
      }
     else
      {
      Error[c]=error
      if [(Check_LI) == non-error)]
       {
         FrameError[p];
        }
       else
       {
        Check_SN-User-Data;
          if [(Error[p] == no-error).AND.(Missing[p] == missing)]
           {
             Check_SN-FEC-Code;
           }
        if (Check_Error-User-Data == error)
         {
          FrameError[p];
          Error[c]=error;
         }
         else
         {
          Missing[c]=missing;
          Check_SN-User-Data;
           if (Check_SN-User-Data == not-missing)
            {
             Send_User-Data (user-data-part);
             Missing[c]=not-missing;
            }
           else
            {
             Missing[c]=missing;
            }
          }
        if (Error[p] == no-error)
         {
          Check_Error-FEC-Code;
          if (Check_Error-FEC-Code == no-error)
           {
            FEC_Recovery_Process(SLC);
           }
         }
       }
      }
     Error[p]=Error[c];
     Missing[p]=Missing[c];
     Receive CPCS-SDU;
    }
  }
 <<STOP>>

[Procedure of Functions]
a) Error [i] (i=p,c)
 This parameter indicates whether the FEC frame has an error or not.  i=p represents the previous

FEC frame, and i=c represents the current FEC frame.
b) Missing[i] (i=p,c)
 This parameter indicates whether the FEC frame has a missing symbol or not. i=p represents the

previous FEC frame, and i=c represents the current FEC frame.
c) FEC_Recovery_Process (SLC)



 This function represents the FEC error recovery process operating in SLC mode.
d) Check_SN-User-Data
 This function indicates whether the user-data part has a cell loss using SN check.
e) Check_SN-FEC-code
 This function indicates whether the FEC-code-part has a cell loss using SN check.
f) Check_Error-User-Date
 This function indicates whether the user-data-part has a bit error by using CRC-10's error check

sequence.
 

5.2.2.3 SEAL (Symbol Error And Loss Correction) mode operation

  <<START>>
  Error[p] = no-error;
  Missing[p] = not-missing
  Receive CPCS-SDU;
  While (BI==1) # in the burst status
  {
   While (FEC-SSCS-M==1)
    {
     Check_CRC-32;
     If [(check_CRC-32) == no-error]
      {
       State[c]=no-error;
       Send_User-Data (user-data-part);
       if (State[p] == error)
        {
         FEC_Recovery_Process(SEAL);
        }
      }
     else
      {
      Check_SN-User-Data;
      Check_Error-User-Date;
      if {[(Check_SN-User-Data).OR.(Check_Error-User-Data)] == error}
       {
         FEC_Recovery_Process(SEAL);
         State[c]=error;
        }
       else
       {
        State[c]=no-error;
        Send_User-Data (user-data-par);
       }
      if [(State[p] == error)
       {
        FEC_Recovery_Process(SEAL);
       }
      }
     State[p]=State[c];
     Receive CPCS-SDU;
    }
  }

 <<STOP>>

[Procedure of Functions]
a) State [i] (i=p,c)
 This parameter indicates whether the FEC frame has an error (i.e. either contains a symbol with

bit errors, or missing symbols) or not. i=p represents the previous FEC frame, and i=c represents
the current FEC frame.



b) FEC_Recovery_Process (SEAL)
 This function represents the FEC error recovery process operating in SEAL mode.
c) Check_SN-User-Data
 This function indicates whether the user-data part has a cell loss using SN check.
d) Check_SN-FEC-code
 This function indicates whether the FEC-code-part has a cell loss using SN check.
e) Check_Error-User-Date
 This function indicates whether the user-data-part has a bit error by using CRC-10's error check

sequence.
 

5.2.3 Procedure of FEC Error Recovery

  <<< Start >>>
      Identification_of_errored_symbol_position (FEC-frame, positions);
      RS_Recovery_Process (FEC-frame, positions, result, User-Data);
       if (result == recovered)
        {
         Check_CRC-32  (#optional);
         if (Check_CRC-32 == no-error)
          {
           Send_User-Data (user-data-part[r]);
          }
         else
          {
           Fail_Recovery(user-data-part[o]);
          }
        }
       else
        {
         Fail_Recovery(user-data-part[o]);
        }
  <<< Stop >>>

[Procedures and Functions]
a) Identification_of_errored_symbol_position(FEC-frame, positions)
 Input is the FEC-frame that is subject for error recovery.
 Output is the set of errored (i.e. symbol error) positions.
b) RS_Recovery_Process (FEC-frame, position, result, User-data)
 Input is the FEC-frame that is subject for error recovery and
 the set of errored positions.
 Output is result of recovery and User-Data. When the result is not-failed, the recovered user-

data-part is returned as User-Data.
c) Fail_Recovery(user-data-part[o])
 The original user-data-part is returned with the indication of recovery failing.
d) Send_User-Data(user-data-part[r])
 The user-data-part is returned with the indication of completion of error recovery. The user-data-

part[r] represents the recovered user-data-part.
 

5.2.4 Identification Procedure of Symbol missing position

FFS.



5.3 Procedure in Signaling Phase

5.3.1 Procedure of FEC parameter negotiation

FFS.

5.3.2 Procedures of Other Functions

FFS.



6 Annex A: List of acronyms

AAL ATM Adaptation Layer
AAL-PDU AAL Protocol Data Unit
AAL-SAP AAL Service Access Point
AAL-SDU AAL Service Data Unit
BI field Burst Indication field
CPCS Common Part Convergence Sublayer
CPCS-CI CPCS Congestion Indication
CPCS-LP CPCS Loss Priority
CPCS-PDU CPCS Protocol Data Unit
CPCS-SDU CPCS Service Data Unit
CPCS-RS CPCS-SDU Reception Status
CPCS-UU CPCS User-to-User
FCPL FEC-Code-Part Length
FEC Forward Error Correction
FEC frame FEC-SSCS Protocol Data Unit
FEC-SSCS FEC Service Specific Convergence Sublayer
FEC-SSCS-CI FEC-SSCS Congestion Indication
FEC-SSCS-LP FEC-SSCS Loss Priority
FEC-SSCS-M FEC-SSCS More Indication
FEC-SSCS-PDU FEC-SSCS Protocol Data Unit (i.e., FEC frame)
FEC-SSCS-RS FEC-SSCS-SDU Reception Status
FEC-SSCS-SDU FEC-SSCS Protocol Data Unit
FEC-SSCS-SIGI FEC-SSCS SIGnaling message Identifier
FFS For Further Study
FI field FEC-SSCS-SDU Indication field
MHL Maximum length of Horizontal Line
NS Negotiation Status
P field Parity field
RS algorithm Reed Solomon algorithm
SEC Symbol Error Correction
SEAL Symbol Error And Loss
SID Message Semantics IDentifier
SLC Symbol Loss Correction
SN field Sequence Number field
SNL Length of Sequence Number field
SOM Selection of Operation Mode
SYL Symbol Length
U/F field User-data-part/FEC-code-part field
VL Vertical Length
#RedCell field Number of Redundant Cells field



7 Appendix

7.1 Appendix A: Generator Polynomial
One example of a generator polynomial is described below.
When the symbol length is 8 bits, Reed-Solomon codes to be used are built over the Galois Field (256).
Then, the generator polynomial is given by :

X i k
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− +
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−

∏ α
0
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where alpha is a root of the primitive polynomial X X X X8 7 2 1+ + + + , k is the base exponent of
the generator polynomial, which may be k=120.


