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Abst ract
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defined in RFC8724. The new fragnentation node is designed for
conmmuni cations that require additional reliability nechanisns. The
reliability is based on a hybrid ARQ FEC type ||l mechani smt hat

combi nes forward error correction (FEC) with adaptive retransm ssions
to achieve high reliability.
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1.

I nt roducti on

The fragmentation subl ayer of the SCHC standard was designed to
fragnment a SCHC packet into tiles and transport each tile fromthe
fragnmenter to the reassenbler using a fragnentation node defined in

[ RFC8724]. The detection of missing tiles in the reassenbler is
based on the enuneration of each tile. When |osses are detected, the
reassenbl er reports the mssing tile indices to the fragnenter as
part of the acknow edgenent nechani sm according to the selected
fragnentati on node

Wth regard to detecting tiles with errors, the reassenbler uses a
Reassenbly Check Sequence (RCS) conputed over the entire SCHC packet.
If the integrity check is unsuccessful, the reassenbl er discards the

SCHC packet and the fragnmentation process is declared a failure. |If
mssing tiles are detected, the reassenbl er requests retransm ssion
of the mssing tiles. In the event of multiple failed

retransm ssions, the reassenbler may discard the SCHC packet and
decl are the fragnmentation failed

The SCHC WG has expressed interest in providing additiona
reliability nmechanisns, such as FEC for fragnents recovery. Thus,
this docunment presents a new node of fragnmentation based on channe
codi ng and sel ective retransm ssion of tiles. The new node can be
adapted to different scenarios or technol ogi es, and each of these
scenari os can be associated with a profile. The new fragmentation
mode al |l ows each profile to define its own reliability fragnentation
par amet ers

The new fragnmentati on node defined in this docunent is not associated
with any specific profile. Hereinafter, the new fragnentati on node
will be referred to as ARQ FEC node

SCHC ARQ FEC Fragnent ati on Mde

The ARQ FEC node uses channel coding to protect fragnents fromerrors
and | osses. ARQ FEC node perforns data delivery w thout
retransmtting the lost tiles if the nunber of lost tiles is not

hi gher than a configurabl e threshol d.

ARQ FEC node is based on a Type Il Hybrid ARQ FEC nechani sm and
consists of two main processes: encoding and fragmentation. Figure 1
shows both processes in the sender and the receiver. The SCHC packet
com ng fromthe conpression sublayer is first encoded into a coded
data structure and then fragmented. At the receiver, the process is
reversed. The reassenbler first reconstructs the coded data
structure fromthe received tiles and then decodes it to recover the
SCHC packet. The format of the coded data structure depends on the
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sel ected encoding geonetry. This specification defines two encodi ng
geonetries: a matrix-based encodi ng geonetry ("C-matrix") and a
stream ng encodi ng geonetry ("C-Streant).

SCHC packet SCHC packet
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ARQ FEC fragnent ati on node
Figure 1. SCHC ARQ FEC Fragnentati on node
2.1. Protocol Elenents

Thi s subsection outlines the various conponents used to support the
ARQ FEC node functionality defined in this docunent.

* SCHC Packet size: The size in bits of the data packet received
fromthe conpression sublayer (see Figure 24 in [RFC8724]). In
this document the SCHC Packet size is called "P'. Each profile
MUST define the maxi mum size of a SCHC packet that can be
fragnmented in ARQ FEC node. This nmaxi mumsize is called "P_max".

* Synbol: A data unit handl ed by the encodi ng process. Each synbol
is treated as an indivisible unit, nmeaning it is either fully
received or entirely lost. A synbol has "m bits.

* Source Synbol: A unit of data used during the encoding process. A
source synbol contains information fromthe original SCHC packet.
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* Source Block: A subset of source synmbols. A source block has "k"
symnbol s.

* Encodi ng Geonetry: The nmethod used to arrange data fromthe SCHC
Packet and to organi ze both source and encoded synbols into either
a matrix or a streamdata structure.

* Coded Data Structure: The arrangenment of symbols resulting from
the FEC encodi ng process, as defined by the sel ected encodi ng
geonetry. It serves as the input to the fragnentation process and
is represented either as a CGMatrix or a C Stream

* D-matrix (Data Matrix): The conceptual two-dimensional arrangenent
of the source synbols derived fromthe SCHC Packet prior to FEC
encodi ng. Each row of the Dmatrix is a Source Bl ock.

* D-Stream The conceptual sequential arrangenment of the source
synbol s derived fromthe SCHC Packet prior to FEC encoding. A
Source Block is a group of sequential source symnbols.

* Encoded Synbol: A symbol containing information generated by the
Forward Error Correction (FEC) code which can be used to recover
| ost source synbol s.

* Encoded Bl ock: An encoded bl ock consists of all the encoded
synmbol s resulting fromthe FEC encodi ng of a single source bl ock.
An encoded bl ock has "n" synbols.

* Cmatrix (Coded Matrix): The conceptual two-di nmensional
arrangenent of encoded synbol s produced by applying the sel ected
FEC schene to each row of the D-matrix. Each row of the Cnmatrix
is an Encoded Bl ock corresponding to the associated D-matri x row.

* C-Stream The conceptual sequential arrangenment of encoded synbols
produced by applying the sel ected FEC schene to the D Stream
Encoded synbol s are generated and organi zed as a stream
correspondi ng to the source bl ocks.

* Residual coding bits: These are the left over bits resulting from
dividing a SCHC packet into a D-matri x.

* Residual fragmentation bits: These are the bits left over from
dividing a CGmatrix into tiles of a given size.
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2.2. Encoding and Decodi ng Processes

At the sender, the encoding process creates the coded data structure

froma SCHC packet, according to the sel ected encodi ng geonetry. At

the receiver, the decoding process works in reverse, i.e., it creates
a SCHC packet fromthe coded data structure.

2.2.1. Encoding Ceonetries

The encodi ng and decodi ng processes support two distinct encoding
geonetries, which define how synbols are to be organi zed, and how
repair information is generated and applied. The sel ected encoding
geonetry inmpacts both the performance of the FEC mechani sm and t he
resource requirements of the system

Thi s specification defines the follow ng encodi ng geonetri es:

* Matrix-based geonetry: Synmbols are arranged in a two-di nensi ona
structure, enabling flexible FEC strategies such as structured
interl eaving, configurable parity coverage, and repeated nulti-
pass decoding. This geonetry supports more robust error
correction capabilities.

* Stream geonetry: Synbols are organi zed as a sequential stream
where repair synbols are generated over a sliding or sequentia
set of synbols (block). This geonetry enables sinpler encoding
and decodi ng operati ons.

The choi ce of encoding geonetry reflects a trade-off between
reliability and resource consunption. The matrix-based geonetry
provi des stronger recovery capabilities and are suited for use cases
requiring high reliability under significant |loss conditions. The
stream geonetry, on the other hand, is designed for environments wth
constrai ned processing or nenory resources, providing |ightweight
protection against |osses at a |ower inplenentation cost.

The sel ection of the encoding geonetry is configured within the SCHC
fragmentation rule and determ nes the encodi ng and decodi ng
procedures described in the foll owi ng sections.

2.2.2. Sender Behavi or

Upon reception of a SCHC packet fromthe conpression sublayer, the
sender divides the SCHC packet into source blocks. Each source bl ock
has "k" source synbols, and each source synbol has "nt bits. The
encodi ng process consists of applying an FEC al gorithmto each source
bl ock. Thus, the FEC (n, k) al gorithmencodes a source bl ock of k
source synmbols into an encoded bl ock of n synbols.
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2.2.2.1. Matrix-Based Encodi ng

The steps for dividing the SCHC packet and creating a CMatrix is as
fol | ows:

1.

Di vide the SCHC packet into S source blocks of k symbols. Each
synmbol has mbits.

* Sis calculated as floor(P/(k * m)

* |f (Pnmd (k* m) equals zero, then there are no remaining
bits.

* If (Pmod (k * m) is not equal to zero, then there should be
(Prmod (k * m)) remaining bits. The remaining bits are called
resi dual coding bhits.

2. Arrange the source blocks in a grid pattern or matrix. This wll
be the D-matri x.
* Each elenent of the D-matrix is a source synbol .
* Each row of the Dmatrix will be a source bl ock.
* The D-matrix has S rows and k col ums.
* The residual coding bits MIST NOT be placed in the D-matri x.
* Figure 2 shows an exanple of the arrangenent.
<------- k colums ------- >
N SS(1,1) SS(1,2)... SS(1,k) Source block 1
| SS(2,1) SS(2,2)... SS(2,Kk) Source bl ock 2
S rows | : : :

| : : :
v SS(S,1) SS(S,2)... SS(S, k) Source block S

SS: Source Symnbol

Figure 2: Source blocks arranged in a D-matri x.

Apply the FEC algorithmto each source block. The FEC al gorithm
encodes k synbols fromthe source bl ock and generates an encoded
bl ock with n synbols.

Arrange the encoded blocks in a grid pattern or matrix, this wll
be the G matrix.
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* Each elenent of the Gmatrix is an encoded synbol .
* Each row of the Cmatrix will be an encoded bl ock
* The C-matrix has S rows and n col unms.

* Figure 3 shows an exanple of the arrangenent.

<------ n colums -------- >
NES(1,1) ES(1,2)... ES(1,n) Encoded block 1
| ES(2,1) ES(2,2)... ES(2,n) Encoded block 2
S rows | : : :
| : : :
v ES(S,1) ES(S,2)... ES(S,n) Encoded block S

ES: Encoded synbol
Figure 3: Encoded bl ocks arranged in a G matri x.
2.2.2.2. Stream Encodi ng

In the stream encodi ng geonetry, the encoding process is perforned as
a sequence of steps applied to the SCHC Packet.

First, the SCHC Packet is partitioned into source synbols of size "ni
bits. Each synbol is treated as an indivisible unit by the encoding
process.

The resulting sequence of source synbols is then grouped into source
bl ocks, each containing "k" source synbols. The nunber of source

bl ocks depends on the size of the SCHC Packet and is not fixed a
priori.

Next, the FEC encoding is applied independently to each source bl ock
For each source bl ock, the encoding process generates the
correspondi ng encoded synbols, formng an encoded bl ock of
symnbol s.

n

Finally, the encoded bl ocks are arranged sequentially to formthe
C-Stream The encoded synbols are ordered according to the sequence
of their correspondi ng source bl ocks, producing a continuous stream
of synbols that constitutes the coded data structure.
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2.2. 3. Recei ver Behavi or

In the receiver, the decoding process MJST create a SCHC packet from
the coded data structure with enough encoded synbols. The nunber of
encoded synbols required depends on the forward error correction code
used.

The decodi ng process begi ns when the defragnentati on process
i ndi cates that there are enough encoded synbols in the coded data
structure to obtain a SCHC packet.

2.2.3.1. Matrix-Based Decodi ng

The steps for decoding a C-nmatrix and creating a SCHC packet is as
fol | ows:

1. Decode the encoded block in the first row of CGmatrix. The
gener ated source bl ock contains the k synbols corresponding to
the first row of matrix D.

2. Decode the encoded block in the second row of CGmatri x. The
gener ated source bl ock contains the k synbols corresponding to
the second row of nmatrix D.

3. Continue with the encoded block in the next row of the Cmatri x.
Decode all rows of the C-matri x.

4. The result is the Dmatrix with all synbols decoded.

Once the D-matrix has been generated, reconstruct the SCHC packet by
foll owi ng these steps:

1. Select the k synbols fromthe first row of the D-matrix. These
will be the first (k * m bits of the SCHC packet.

2. Select the k synbols fromthe second row of the D-matrix. These
synmbols will be the next (k * n) bits of the SCHC packet.

3. Continue selecting the k-synbols fromeach row until the |ast row
of the D-matrix.

4. Add the residual coding bits and padding bits to the end of the

SCHC packet. The residual coding bits and padding bits are
provi ded by the defragnentation process.
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2.2.3.2. Stream Decoding

In the stream encodi ng geonetry, the decoding process operates on the
received C-Streamand is performed on a per-block basis.

The receiver processes the C Stream as a sequence of encoded bl ocks,
each containing "n" synbols. For each encoded bl ock, the decoding
process interprets the received synmbols according to the sel ected FEC
schene. Based on this interpretation, the decoding process

det erm nes which source synbols are avail able, which are missing, and
how t he avail abl e synbols can be used to recover missing information.

The decodi ng process then applies the FEC decoding algorithmto
recover any m ssing source synmbols within the bl ock

Once all source synbols of an encoded bl ock have been recovered, any
synbols that are not required for reconstructing the original data
are discarded. The recovered source synbols are then placed in their
original order within the stream

After all encoded bl ocks have been processed, the sequence of
recovered source synbols is reassenbled to reconstruct the SCHC
Packet .

2.3. Fragnentation and Defragnentati on Processes

The fragnmentati on and defragmentati on processes are responsible for
transporting the FEC-encoded data fromthe sender to the receiver
Unli ke the other fragnentation processes defined in [ RFC8724], the
fragnmentation and defragnentati on processes of ARQ FEC node are
divided into two sub-processes: the assenbl er sub-process and the
transporter sub-process. Figure 4 shows the architecture of the
fragmentati on and defragnentati on processes at the sender and
receiver.

At the sender, the fragnmentation process receives fromthe Encoding
process the coded data structure and the residual coding bits
separately. The C-matrix is processed by the assenbl er sub-process.
The assenbl er sub-process converts the CGmatrix in an encoded SCHC
packet that is passed to the transporter sub-process. The
transporter sub-process divides the encoded SCHC packet in tiles.
The tiles are sent to the receiver via Regular SCHC fragnent
messages.

At the receiver, the defragnentation process works in reverse. The
transporter sub-process receives the tiles that are then passed to
the assenbl er sub-process. The assenbl er subprocess constructs the
coded data structure using the received tiles. Once the assenbler
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sub- process has coll ected sufficient synmbols to enabl e decodi ng, the
transporter sub-process term nates the fragmentati on session and
forwards the coded data structure to the decodi ng process.

| Transporter |
| sub-process |

| Transporter |
| sub-process |

from Encodi ng process t owar ds Decodi ng process
| N
I I
B S | ------------- + - -- - | ---------------- +
| v [ | |
| o m e oo oo + | | o m e oo oo + |
| | Assenbl er | | | Assenbl er | |
| | sub-process | | ] | sub-process | |
| T + | | T + |
I I | n I I
| | | | | Are synbol s |
| encoded SCHC | tiles sufficient? |
| packet | | Yes or not |
I I | I I I
I v | I v I
| o e e e e oo o + | | o e e e e oo o + |
| [ |
I || I
| o m e e oo oo + | | o m e e oo oo + |
| N Fragnentation| | N Defragnentation
| | process| | | process|
B S, | --------------- + - -- - | ---------------- +
| |
oo e e e e e e i oo oo oo +

SCHC nessages

Fi gure 4: Fragnentation and Defragnmentation process and its
subprocesses.

2.3.1. Assenbl er Sub-Process
2.3.1.1. Sender Behavi or

On the sender side, the assenbl er sub-process is responsible for
transform ng the coded data structure into an encoded SCHC packet.

To do this, the assenbl er sub-process reads the encoded synbols from
the coded data structure according to the sel ected encodi ng geonetry
and arranges theminto a sequential buffer. This buffer fornms the
encoded SCHC packet that is passed to the transporter sub-process.
The arrangenent of synmbols in the encoded SCHC packet is deternmn ned
by the encodi ng geonetry.
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I mportant: Residual encoding bits MJST NOT be included in the
encoded SCHC packet. Residual coding bits MJST be included in the
last tile.

2.3.1.1.1. C Matrix Assenbly

In the matri x-based encodi ng geonetry, the assenbl er sub-process
constructs the encoded SCHC packet columm by colum. It first
selects the S synmbols of the first colum of the C-matrix, which form
the begi nning of the encoded SCHC packet. It then selects the S
synbol s of the second col um, which are appended to the encoded SCHC
packet, and continues this process for all colums. Figure 5 shows
how t he encoded SCHC packet is constructed fromthe C matri x.

S LR T encoded SCHC packet ---------------------- >
C(1,1) C2,1)...CS,1) C1,2) C2,2)...C(S,2)...C(1,cw)...C(S,cw)

Figure 5. Synbols of a encoded SCHC packet .
2.3.1.1.2. C- Stream Assenbly

In the stream encodi ng geonetry, the assenbl er sub-process constructs
the encoded SCHC packet fromthe C Stream

The assenbl er sub-process reads the encoded synbols sequentially from
the C-Stream and arranges theminto a continuous buffer. This buffer
is then partitioned into tiles according to the tile size defined by
the fragnentation rule. The tiles are grouped into wi ndows of a
priori known size. The mapping of synbols to tiles and wi ndows is
determned by the order in which synbols are read fromthe C Stream

The assenbl er sub-process MAY apply an interleaving pattern to the
encoded synbols, as specified by the fragmentation rule, resulting in
a reordering of the window and tile nunbering sequence. This
reordering is used to distribute synbols originating fromdifferent
encoded bl ocks across nultiple w ndows, inproving robustness to

| osses. When such reordering is applied, the relative position of
synmbol s within each encoded bl ock is preserved, while their placenent
within the encoded SCHC packet is nodified according to a
determnistic pattern known to both sender and receiver.

The resulting sequence of tiles forns the encoded SCHC packet, which
is passed to the transporter sub-process for transm ssion.
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2.3.1. 2. Recei ver Behavi or

In the receiver, the assenbl er sub-process is responsible for three
tasks: placing each tile in the coded data structure, verifying
whet her there are enough synbols to successfully decode the SCHC
Packet, and indicating to the transporter sub-process which tiles
need to be retransnitted.

2.3.1.2.1. Placing Tiles in the Coded Data Structure

When the transporter sub-process receives a regular SCHC fragnent,
the transporter sub-process delivers the tiles to the assenbl er sub-
process to place themin the coded data structure.

2.3.1.2.1.1. CMtrix Tile Placement

If the receiver has not received paranmeter S, then the follow ng
steps cannot be executed and the receiver nust wait to receive
paraneter S before continuing with the verification process.
Parameter S is transported in the first tile of the first fragnent
of the first w ndow.

The procedure for placing a tile in the Gmatrix is as foll ows:

1. Convert the FCN and Wof each tile in a correlative tile nunber
(ctn). The correlative tile nunber starts at zero. For exanple,
tile 62 of window O (FCN=62, W:0) corresponds to ctn=0. Tile 61
of wi ndow 0 (FCN=61, W-0) corresponds to ctn=1, and so on. To
determne the correlative tile nunber (ctn), use the follow ng
equat i on:
ctn = WNDOW SI ZE*(W1) - FCN - 1

where W NDOW SI ZE is defined by each profile. FCNis the Fragnent

Conpressed Nunmber of each tile. Wis the field that indicates the

wi ndow to which the tile bel ongs.

1. Convert the correlative tile nunber (ctn) into a position (row,
columm) within the matri x.

* To determine the *row, use the follow ng equation:
row = (ctn-1)*ts + 1 - floor((ctn-1)*ts/S)*S
* To determ ne the *columm*, use the follow ng equation:

colum = floor((ctn-1)*ts/S) + 1
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where ts is the tile size in synbols. S is the nunber for rowin
the CGnmatri x.

2. The tile nmust be placed vertically in the matrix. This neans
that the first synbol on the tile is placed in the position (row,
columm) deternmined in the previous point. Each subsequent synbol
of the tile is placed in the same columm and the next row in
increasing order. |If the last row of the matrix is reached and
unpl aced synbols remain in the tile, placement shall continue at
the first row of the next colum. For exanple, assune a tile
contains 4 synbols and the CG-matrix has 7 rows (S =7). |If
pl acenent begins at row 5, columm 1, the synbols are placed at
positions (5,1), (6,1), (7,1), and (1,2), respectively.

2.3.1.2.1.2. C-StreamTile Pl acenment

When operating on a CStream the assenbl er sub-process pl aces
received tiles into the sequential block structure of the C Stream

For each received tile, the assenbl er sub-process deternmines its
position in the C Stream based on the Wndow (W and Tile (T) fields
carried in the SCHC fragnent. The tile is then stored at the
correspondi ng position in the structure.

The placenment of tiles in the G Streamis independent of the order in
which they are received. |In particular, when interleaving has been
applied at the sender, tiles may be received in an order that does
not correspond to their original sequence in the CStream By

pl acing each tile according to its Wand T val ues, the assenbl er sub-
process reconstructs the original ordering of the encoded synbols
within the G Stream

Mssing tiles remain uninitialized or marked absent in the C Stream
if the CGStream as a whol e becones decodable, it is passed to the
decodi ng process even if sone tiles were never received.

2.3.1.2.2. Checking if There Are Enough Synbol s

I n ARQ FEC node, the decoding process does not need to have the n
encoded synbols in each Encoded Bl ock to recover the original k
synbols. Therefore, the assenbl er process only needs to have k
encoded synbols in each Encoded Bl ock to pass the coded data
structure to the decoding process. |f the coded data structure has
enough synbol s, the sender can stop transmitting tiles and the
recei ver can start the decodi ng process.
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When the receiver receives a SCHC regul ar fragnment, the transporter
sub- process extracts the tiles fromthe nessage and sends themto the
assenbl er sub-process. The assenbl er sub-process places the tiles in
the coded data structure, as explained in section Section 2.3.1.2.1.
Once the tiles are in place, the task of checking whether there are
enough synbols in each Encoded Bl ock can begin.

The verification task nust review all encoded bl ocks in the coded
data structure and check its present synbol count; if a block
contains at least k synbols it is marked as decodeabl e, otherwi se,

not decodeable. |If a block is already nmarked as decodeabl e, the task
skips it and continues until all encoded bl ocks have been revi ewed.

If at any point the verification task detects that all encoded bl ocks
of the coded data structure are decodabl e, then the assenbl er sub-
process MJST indicate to the transporter sub-process that the coded
data structure has sufficient synbols.

2.3.1.2.3. Selecting the Tiles to Retransmit

If the receiver receives a SCHC All-1 fragment nessage, the
transporter subprocess nust indicate to the assenbl er subprocess that
it has received a SCHC All-1 fragnent along with the last tile. The
assenbl er subprocess obtains the residual fragmentation bits fromthe
last tile and adds themto coded data structure. \When the assenbler
sub- process adds the residual fragmentation bits, two outcones are
possi bl e:

* |f all blocks are marked as decodeabl e, the assenbl er sub-process
must notify the signaling sub-process that the coded data
structure contai ns enough synmbols and the fragnmentati on session
may end.

* |f one or nore encoded bl ocks within the coded data structure were
mar ked as undecodabl e, the assenbl er sub-process nust follow the
retransm ssion selection steps for the chosen encodi ng geonetry.

2.3.1.2.4. CMitrix Tile Retransm ssi on Sel ection

1. Select a row marked as undecodable. Consider that the row has m
recei ved synbols, select the (k-m lost synbols, where k is the
nunmber of symbols in each row of D-matrix (see Figure 2).

2. Convert the position of the mssing synmbol into a correlative
tile nunber (ctn). The position of a mssing synbol is defined
by the row and colum to which it belongs. To obtain the
correlative tile nunber (ctn), use the follow ng equation

Munoz-Lara, et al. Expires 2 Cctober 2026 [ Page 15]



I nternet-Draft SCHC ARQ FEC node March 2026

ctn = ceil ((row + S*(col - 1))/ts)

where ts is the tile size in synbols. S is the nunber for rowin
the C-matrix.

3. To obtain the Fragnent Conpressed Nunber (FCN) of the correlative
tile nunber (ctn), use the foll owing equation:

fcn = WNDOW SI ZE * (fl oor(ctn/ WNDOW SIZE) + 1) - ctn - 1

where W NDOW SI ZE is defined by each profile. ctn is the
correlative tile nunber.

4. To obtain the windowto which a tile (w) belongs fromthe
correlative tile nunber (ctn), use the follow ng equation:

w = fl oor(ctn/ W NDOW SI ZE)

5. Pass the list of missing tiles to the transporter subprocess. A
tile is defined by its Fragnent Conpressed Nunber (FCN) and the
wi ndow to which it bel ongs.

2.3.1.2.5. CStream Tile Retransm ssion Sel ection

When the assenbl er process deternines that an encoded bl ock cannot be
successfully decoded due to m ssing data, the assenbl er sub-process
identifies the corresponding mssing tiles within the C Stream

The identification of mssing tiles is based on the position of tiles
within the CGStream as determned by their Wndow (W and Tile (T)
values. This identification is independent of whether interleaving
has been applied at the sender, as each tile retains a unique
position within the C Stream

The assenbl er sub-process indicates the set of missing tiles to the
transporter sub-process using the bitnmap format defined for SCHC
Conpound ACK messages.

2.3.2. Transporter Sub-Process

ARQ FEC node supports the foll ow ng features:

* the node works with L2 technol ogi es that have a variable MU and
may deliver packets out of order.

* the node requires the L2 |ayer to provide a feedback channel from
the reassenbl er back to the fragnenter.
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* the node uses w ndow.

* all tiles except the |last one MJIST be of the sanme size. These
tiles are called regular tiles.

* A SCHC Fragnent nessage carries one or several contiguous regular
tiles, which may span nultiple w ndows.

Unl i ke ACK-on-Error and ACK- Al ways nodes, the success of the transfer
of tiles in ARQ FEC node is associated with successful decodi ng of
the coded data structure. |If sone tiles are |ost during
fragnmentation and reassenbly, the coded data can still be decoded,

t he SCHC packet obtained, and the fragmentati on decl ared successf ul
Therefore, the receiver responds with a SCHC Conpound ACK when there
are enough synbols to decode the received data, or at the end of the
transmission if there are insufficient synbols. For this reason, the
SCHC Conpound ACK MJST NOT be sent after each wi ndow. The sender may
advance to subsequent wi ndows even before confirnmng that all tiles
from previous wi ndows have been correctly received. The SCHC
Conpound ACK message is defined in [ RFC9441].

The ARQ FEC node in the receiver MIST send a SCHC Compound ACK only
in these four situations:

* |If the receiver receives a SCHC regul ar fragnent nmessage with the
S paraneter (matrix-based geonetry),

* if the receiver receives a SCHC regul ar fragnent nessage and the
assenbl er sub-process verify that there are enough synbols to
decode the coded data structure,

* if the receiver receives a SCHC All-1 nessage and t he assenbl er
sub-process verify that there are enough synbols to decode the
coded data structure,

* if the receiver receives a SCHC All -1 nmessage and the assenbl er
subprocess verifies that there are not enough synbols to recover
the SCHC packet.

The fragmented encoded SCHC Packet transm ssion concl udes when:

* the receiver verify that there are enough synbols to decode the
coded data structure.

* too many retransm ssion attenpts were nmade, or

* the receiver determines that the transmi ssion of this fragnented
SCHC Packet has been inactive for too |ong.
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Each Profile MJST specify which Rul el D val ue(s) corresponds to SCHC
F/ R messages operating in this node.

The Wfield MIST be present in the SCHC F/ R nessages.

Each Profile, for each Rulel D value, MJST define: * the tile size (a
tile must be a multiple of a synbol and MJST be at |east the size of
an L2 word.), * the encoded geonetry choice, * the value of M (Symnbo
size in bits), * the value of N (Encoded bl ock size), * the value of
W NDOW SI ZE, which MJST be strictly less than 2*N, * the size and
algorithmfor the RCS field, * the value of T, * the val ue of
MAX_ACK_REQUESTS, * the expiration time of the Retransnission Tiner,
* the expiration tinme of the Inactivity Timer, * the expiration time
of the S Tiner,

For each active pair of RulelD and DTag val ues, the sender MJST
mai ntain: * one Attenpts counter, * one Retransmission Tinmer, * one S
Attenpts counter, and * one S Tiner

For each active pair of RulelD and DTag val ues, the receiver MJST
mai ntain: * one lnactivity Timer, and * one Attenpts counter

2.3.2.1. Sender Behavi or

At the beginning of the fragmentation of a encoded SCHC packet, the
sender MJST sel ect the values for Rulel D and DTag for this encoded
SCHC packet. In addition, the sender MJST initialise the Attenpts
counter and the S Attenpts counter to O for these Rul el D and DrTag
val ues.

To fragment an encoded SCHC packet, the sender MJST split the encoded
SCHC packet into tiles of the same size. These tiles are called

"regular tiles". The remaining part of the division will be the
residual fragmentation bits. A Regular SCHC Fragnent nessage carries
in its payload one or several contiguous tiles. |If nore than one

tile is carried in one Regul ar SCHC Fragment:

* The selected tiles MJST be contiguous in the original encoded SCHC
Packet, and

* the selected tiles MIUST be placed in the SCHC fragnent payl oad
next to each other, in the sanme order as they appear in the
encoded SCHC packet, and

* the FCN field MIUST contain the tile index of the first tile sent
in that SCHC Fragnent, and
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* the sender MUST fill the Wfield with the w ndow nunmber of the
first tile sent in that SCHC Fragment.

The last tile consists of the residual coding bits and the residual
fragnmentation bits. The last tile MJST be sent in an All-1 SCHC
message. In an All-1 SCHC Fragnment nessage, the sender MUST fill the
Wfield with the wi ndow nunmber of the last tile of the encoded SCHC
Packet. The sender nmust wait for the reception of a SCHC ACK after
sending an All-1 SCHC. 1In this case, two situations nmay occur:

* |f the sender receives a SCHC ACK containing the field W11 and
C=1, then the All-1 SCHC was successfully received, the receiver
has enough synbols, and the sender can terninate the fragnentation
sessi on.

* |f the sender receives a SCHC ACK containing the C=0 field, then
the All-1 was successfully received, the receiver does not have
enough synbols, and the bitmap contains the tiles that must be
retransmtted. At this point, the sender nust retransnit all | ost
tiles and wait for a SCHC ACK confirm ng the end of the session.

At any time, after receiving confirmation of successful receipt of

paraneter S, if the sender receives a SCHC ACK with paraneters WO01
and C=1, this neans that the receiver has enough synbols to decode

matrix C. The sender nmust respond with an All-1 SCHC and wait for

confirmation.

In brief, the fragnent sender MJST listen for SCHC Conpound ACK
messages after having sent:

* a SCHC Regul ar Fragnent, or
* an All-1 SCHC Fragnent, or
* a SCHC ACK REQ

Each tinme a fragnent sender sends an All-1 SCHC Fragnent or a SCHC
ACK REQ

* it MJST increnment the Attenpts counter, and

* it MJUST reset the Retransmi ssion Tiner.

On Retransni ssion Tiner expiration:

* if the Attenpts counter is strictly |less than MAX ACK REQUESTS,

the fragnent sender MJST send either the All-1 SCHC Fragnent or a
SCHC ACK REQ with the Wfield equal to zero.
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* otherw se, the fragnment sender MJST send a SCHC Sender - Abort, and
it MAY exit with an error condition.

Each tine a fragment sender sends a Regular SCHC Fragnent with the S
par amet er :

* it MJST increnent the S Attenpts counter, and
* it MJUST reset the S Tiner.
On S Tiner expiration:

* if the S Attenpts counter is strictly less than MAX _ACK REQUESTS,
the fragnent sender MJST send a Regul ar SCHC Fragnment with the S
paraneter in the first tile.

* otherwi se, the fragnent sender MJST send a SCHC Sender - Abort, and
it MAY exit with an error condition.

On receiving a SCHC Conpound ACK:

* if the Wfield is set to 00 and the Chit is set to 1, the sender
MUST assune that the receiver already knows the S paraneter.

* |f field Wis set to 01 and bit Cis set to 1, the sender MJUST
assune that the receiver has enough synbols to recover the SCHC
packet. The sender MJST send an All-1 SCHC and wait for a SCHC
ACK confirmng receipt of the All-1 SCHC.

* |f the Wfield is set to 11 and the Cbit is set to 1, the sender
MJST terninate the fragnentation session.

* if the Cbit is set to 0, the fragnment sender MJST send SCHC
Fragment nessages containing all the tiles that are reported
m ssing in the SCHC Conpound ACK.

2.3.2.1.1. Matrix-Specific Behavior

In the matri x-based encodi ng geometry, the receiver needs to obtain
the S paraneter to know how many rows the C-matri x should have. Wth
the Cmatrix constructed, the receiver can know when there are enough
synbol s to decode an encoded SCHC packet. The sender sends the S
paraneter in the first tile of the first window This nmeans that the
encoded SCHC packet will go fromthe second tile of the first w ndow
onwards. In summary: * the first tile (FCN=W NDOW SI ZE-1) of the
first window (WEQ) contains the paraneter S. The paraneter S

i ndi cates the nunmber of rows in the CGmatrix, and * the first tile of
the encoded SCHC packet MJST be transported in the fragnent with FCN
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= WNDOW SI ZE-2 of the first w ndow (W:O).

The sender nmust wait for the reception of a SCHC Conpound ACK to the
tile carrying paraneter S. The SCHC Conpound ACK nust contain the
field W00, C=1, and without bitnap.

2.3.2. 2. Recei ver Behavi or

When the reassenbl er receives a SCHC fragnment with a RulelD that is
not currently being processed, then

* The receiver MJST start a process to assenble a new encoded SCHC
Packet with that Rul el D,

* the receiver MIST start an Inactivity Tiner and an Attenpts
counter to O for that RulelD, and

* if the receiver is under-resourced to do this, it MJST respond to
the sender with a SCHC Recei ver- Abort.

Whenever a SCHC F/ R message arrives for the current RulelD, the
recei ver MJST reset the corresponding Inactivity Tiner.

On receiving a SCHC Fragnment nessage, the receiver determ nes what
tiles were received, based on the payload | ength and on the FCN field
of the SCHC Fragment. Wen the receiver receives a SCHC Fragnent
message, the follow ng situations may occur

The behavior of the transporter sub-process depends on the type of
SCHC fragnment received and the decoding status as indicated by the
assenbl er sub-process.

VWhen a Regul ar SCHC Fragnent is received, the transporter sub-process
extracts the tiles based on the a priori known tile size and delivers
themto the assenbl er sub-process. The transporter sub-process then
awaits a response fromthe assenbl er sub-process. |If the assenbler
sub- process indicates that sufficient synbols have been collected to
enabl e decodi ng, the transporter sub-process MJST send a SCHC
Conpound ACK with the Wfield set to 1 and the Cfield set to 1, and
wait for an All-1 SCHC fragnment. O herw se, the transporter sub-
process SHOULD take no action

When an All-1 SCHC fragment is received, the transporter sub-process
delivers the remaining tile(s) to the assenbl er sub-process and
awaits a response. |If the assenbl er sub-process indicates that
sufficient synbols have been collected to enabl e decodi ng, the
transporter sub-process MIUST send a SCHC Conpound ACK with the W
field set to 3 and the Cfield set to 1, and term nate the
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fragmentation session. Qherw se, the transporter sub-process MJST
send a SCHC Conpound ACK with the C field set to 0, including bitmaps
indicating the mssing tiles.

Upon sending a SCHC Conpound ACK, the receiver MJST increase the
Attenpts counter.

Upon receiving a SCHC Sender-Abort, the receiver MAY exit with an
error condition.

Upon expiration of the Inactivity Tiner, the receiver MIST send a
SCHC Recei ver-Abort, and it MAY exit with an error condition.

On the Attenpts counter exceedi ng MAX ACK_REQUESTS, the receiver MJST
send a SCHC Recei ver-Abort, and it MAY exit with an error condition.

Fragment ati on session concl udes when:

* a Sender- Abort has been received, or

* the Inactivity Timer has expired, or

* the Attenpts counter has exceeded MAX ACK REQUESTS, or

* an All-1 SCHC nessage is sent with the Wfield set to 3 and the C
field set to 1.

2.3.2.2.1. Matrix-Specific Behavior

When the first SCHC fragnent of a fragmentation session is received,
the first tile carries the S paranmeter. This paraneter is extracted
by the transporter sub-process and provided to the assenbl er sub-
process.

3. Conventions and Definitions
The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this document are to be interpreted as described in
BCP 14 [ RFC2119] [RFCB174] when, and only when, they appear in all
capitals, as shown here.

4. Security Considerations

Thi s docunent does not add any security considerations and foll ows
the [ RFC8724].
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5.

| ANA Consi der ati ons
Thi s docunent has no | ANA acti ons.

Appendi x A, State Machines for the Transport Sub-Process

Cmatrix is created

I

I

I

| cur_W= 0;

| cur_ FCN = Ws- 1

| Send frag(cur_W cur_FCN)
| set s_timer

| s _attenpts = 0

| last tile flag = fal se
I
I
I
Y,

+--m - - +
| | More tiles
% [ R R T
e + | 0+
---+ cur_W= floor(i/(Ws+1))

cur _FCN = W5*(cur _W1)-i
Send frag(cur_W cur_FCN)

<--+ s_tinmer expires

5
x
n

ACK | Send frag(Ws0, FCN=WG-1)
| s_attenpts++
-+
<--+ only the last tile remains
R + [ R

| | Send frag(Ws0, FCN=WG-1)
+----- + s_attenpts++
last _tile flag = true

ACK recv (W0; C=1)
&&
last _tile_flag == fal se

| stop s_timer

| i++

| cur_W= floor(i/(Ws+1))

| cur FCN = Ws*(cur_ WH1)-i
| Send frag(cur_W cur_FCN)
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<—

- -4 &&
I
I

v
Fo-em- - + More tiles
| <-4 --mee e -
| Send | | i++
| | | cur_W= floor(i/(Ws+1))
e + | cur_FCN = W5*(cur _W1)-i
| | | Send frag(cur_W cur_FCN)
| +----+
| (A) ACK recv (W0; C=1)
| &&
| last _tile flag == true
(A [(B) e
I Send All-1
| Attempts = O;
| set rtx_timer
I
| (B) ACK recv (W1; C=1)
v
----------- + only the last tile remains
| ..........................
Wait x | Send All-1
sessi on ACK | Attenpts = 0;
| <-+ set rtx_tinmer
___________ + |
| | ] | rtx_tinmer expired
| | T
| | Send All-1
| | At t enpt s++;
| | set rtx_tinmer
[
| | ACK recv (C=0, bitmap)
I R
| | Send mssing tiles; +--------- +
| R > Resend |
| | Mssing |
| ACK recv (W3, C=1) L | Tiles |
I - +
| stop rtx_tiner | ACK recv (W3, C=1)
v I
——————— + | stop rtx_timer
End | <----------mmmmiaoon +
I
------- +
(D s_tiner expired

s_attenpts > MAX_ACK REQUEST
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(D (B send Abort;

< ———
< ———

(E) rtx_tinmer expired
Fommmaaaas + &&
| | Attenpts > MAX_ACK_REQUEST

| Wait x S | I

S = frag_payl oad
build enpty Cnmatrix(S,n)
Send ACK(We0; C=1)

rcv FCN '= Al -1
Fomm o - + &&
| | !'(enough synbol s)

Fo-em- - + | Place tiles in CGmatrix
| Rev |------ + Checki ng enough synbol s

Hommmm e + | rcv_FCN == All-1
rcv_FCN !'= All-1 | | | &&

Munoz-Lara, et al. Expires 2 Cctober 2026 [ Page 25]



I nternet-Draft SCHC ARQ FEC node March 2026

7.

&&
enough synbol s |

| !'(enough synbol s)
I

I
I
| |
send ACK(W1l; C=1) | | %
I P SEEE +
| | | Vit x| recv frag
| | | M ssing | &&
| | | Frags | <---+ !I'(enough synbol s)
| | E S + [ T
| | | | | Place tiles in Cmatrix
| | | R + Checki ng enough synbol s
v I I
R + | | recv frag
| wait x | | | &&
| Al-1 | | | enough synbol s
TS + | [
| | | send ACK(WE3; C=1)
rcv_FCN == All-1 | | |
------------------ [ (B) |
send ACK(We3; C=1) | | |
% % | (B) rcv_FCN == All -1
R + &&
| | enough synbol s
| End | <-+ e
| | send ACK(We3; C=1)
N +

Figure 7: Receiver State Machine for the ARQ FEC Mdde.

Appendi x B. Exanple of ARQ FEC Fragnentation Mode with Matri x- Based
Encodi ng Ceonetry

Thi s exanple represents the transm ssion of a SCHC packet generated
by the conpression sublayer, for the matrix-based encodi ng geonetry.
The transm ssion uses the ARQ FEC fragnentati on subl ayer over LoRaWAN
t echnol ogy:

ARQ FEC fragment ati on node paraneters: * Tile size (ts): 10 synbols *
Bits per symbol (m: 8 bits/synbol * Source bl ock size (k): 4 synbols
* Encoded Bl ock Size (n): 7 synbols * SCHC packet size (P): 6445 bhits
* Maxi mum Transmittion Unit (MIU) in AU915-928 LoRaWAN frequency band
with DR5 (222 bytes) and DR3 (115 bytes)
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7.1. Encodi ng/ Decodi ng process
7.1.1. Step 1: Create D-matrix

* S =floor(P/(k * m) = 201 rows

* Dmatrix size = (S * k) * m= 6432 bits

* Residual coding bits = (P nod (k * m) = 13 bits
7.1.2. Step 2: Create C-nmatrix

* Cmatrix size = (S * n) * m= 11256 bhits

* Encoding overhead size = S * (n - k) * m= 4824 bits

11256 bits

* Encoded SCHC packet size = C-matrix size
7.2. Fragnentation/Defragnentation process

* Full regular tiles = floor(Encoded SCHC packet size/(ts * m) =
140 tiles

* Residual fragnmentation bits = (Encoded SCHC packet size) nod (ts *
n =56 bits

* All-1 SCHC payl oad = Residual fragnentation bits + Residual coding
bits + padding = 56 + 13 + 3 = 72 hits

* W 2 bits
* N 6 bits
* WNDOWSIZE: (2"N)-1 = 63

7.2.1. Case 1: Wthout loss and variable MIU. Sufficient fragnments in
t he decodi ng process.

Each regul ar SCHC fragnment carries a SCHC packet with a 1-byte SCHC
header and a SCHC payl oad of 22 tiles (DR5) or 11 tiles (DR3).
Figure 8 shows the first regular SCHC fragnent.

| --- SCHC header ----|

|-M-- N--|
R ek SR SRR cemmmmm e +
| RulelD| W] FCN | Fragnent Payl oad |
ek T e +
| 30 | O] 62 | 22 tiles |
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Figure 8: First regular SCHC fragnment. Case 1: without |oss and
vari bl e Mru.

The All -1 SCHC fragnent carries the 72 bits (including the paddi ng
bits). Figure 9 shows the All-1 SCHC fragnent of this exanple.

------- SCHC Header --------|
| 1 byte |-M|-- N--]-- U--|
e e T e +
| RulelD| W| FCN | RCS | FragPayl oad |
e T ceemmmm +
| 30 | 2 63 | | 70 bits |

Figure 90 All-1 SCHC fragnment. Case 1: without |oss and varible MrIU.

Figure 10 illustrates the transm ssion of a SCHC Packet using the
ARQ FEC fragnentation proccess. During the transnission of the
encoded SCHC packet, the MU is nodified according to the LoRaWAN
data rate.

If there are no | osses, the nunber of tiles needed to decode a
Cmatrix is given by:

enough nunber of tiles = ceil ((S* k)/ ts) =81 tiles

Sender Recei ver
MIU 220 B |---- W0, FCN=62 ---->| (S param + 21 tiles)
| <--- Conpound ACK ----| WO, C=1
MIU 220 B |---- W0, FCN=40 ---->| (22 tiles)
MIU 220 B |---- W0, FCN=18 ---->| (22 tiles)
MIU 115 B |---- W1, FCN=59 ---->| (11 tiles)
MIU 115 B |---- W1, FCN=48 ---->| (11 tiles) enough synbols
| <--- Conmpound ACK ----| W1, C=1
| --We2, FCN=63 + RCS-->|
| <--- Conmpound ACK ----| W3, C=1

Figure 10: Message flow for ARQ FEC node (Case 1).

7.2.2. Case 2: Wth loss of fragnents. Sufficient fragnents in the
decodi ng process.

In this case, there is a loss of fragnents, but the decodi ng process
indicate to defragnmentation process that there are enougth tiles to
decode the encode SCHC packet. Figure 11 illustrates the

transm ssion of a encode SCHC Packet using the ARQ FEC fragmentation
nmode. During transm ssion of the encoded SCHC packet, fragnents 2
and 4 are |ost.
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To determ ne the nunber of tiles sufficient to decode a natri x,

necessary to construct G- matrix.
| ocation of each tile in CGmatrix and howto determine if there are
enough synbols is explained in section {receiver_behavior}.

case,

if fragnents 2 and 4 are | ost,

to the tile with FCN=8 and W:1.

MU

MU
Mru
MruU
MU
MU
MU

7.2.3.

In this case,

220

220
220
115
115
220
220

Case 3: Wth | oss of fragnents.

WWWWwWm [os

Sender

|---- WO, FCN=62 ---->
| <--- Conpound ACK ----|
[---- WO, FCN=40 --X |
|---- WO, FCN=18 ----3>|
|---- W1, FCN=59 --X

|---- WEl, FCN=48 ---->|
| ---- WEl, FCN=37 ----3>|
|---- WEl, FCN=15 ----3|
| <--- Conpound ACK ----|
| --W2, FCN=63 + RCS-->
| <--- Conpound ACK ----|

SCHC ARQ FEC node

Recei ver
(S param + 21 tiles)
W0, C=1

(22 tiles)
(22 tiles)
(11 tiles)
(11 tiles)
(22 tiles)
(22 tiles) enough synbols

W1, C=1

W3, C=1

Figure 11: Message flow for ARQ FEC node (Case 2)
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an encoded SCHC packet using the ARQ FEC fragnentati on node.

the transm ssion of the encoded SCHC packet,

are | ost.

To determ ne the nunber of tiles sufficient to decode a matri x,

necessary to construct G nmatrix.
|l ocation of each tile in CGmatrix and how to determine if there are
enough synmbols is explained in section {receiver_behavior}.

case,

if fragnents 2, 4, and 6 are |ost,

fragments 2, 4,
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Sender Recei ver
MIU 220 B | -- W0, FCN=62 ---->| (S param + 21 tiles)
| <- Compound ACK ----| W0, C=1
MIU 220 B |-- WO, FCN=40 --X | (22 tiles)
MIU 220 B |-- W0, FCN=18 ---->| (22 tiles)
MIU 115 B |-- W1, FCN=59 --X | (11 tiles)
MIU 115 B |-- W1, FCN=48 ---->| (11l tiles)
MIU 220 B |-- W1, FCN=37 --X | (22 tiles)
MIU 220 B |-- W1, FCN=15 ---->| (22 tiles)
MIU 220 B | -- W2, FCN=56 ---->| (9 tiles)
| -- W2, FCN=63+RCS->| not enough synbol s
| <- Compound ACK ----| W2, C=0, bitnmap
MIU 115 B |-- W2, FCN=56 ---->| (9 tiles) enough synbols
| <- Compound ACK ----| W3, C=1

Figure 12: Message flow for ARQ FEC node (Case 3)

8. Appendix C. Exanple of ARQ FEC Fragnentation Mbde with Stream
Encodi ng Ceonetry

Thi s appendi x gi ves a worked exanpl e of ARQ FEC fragnentati on using
the C- Stream encodi ng geonetry with XOR parity encodi ng.

8.1. Paraneters
* Encoding geonetry: C- Stream
* Tile size: one synbol per tile.
*  Wndow size: 7 tiles.

* FEC. sinple XOR parity with source block size 2, encoded bl ock
size of 3 (2 data synbols + 1 parity).

* |Interleaving: depth 3 (encoded bl ock size).
* Disable All-1 payl oad: yes.

8.2. Sender

8.2.1. Encoding

1. Divide the SCHC Packet into synbols (each synbol is represented
by a single letter):

abcdef ghi j kl mopqr st uvwxyz ABCDEFGHI J

Fi gure 13: SCHC Packet data partitioned in synbols.
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1. Apply XOR sequentially every two source synmbols (source bl ocks)
to produce a third parity synmbol. This will produce the C Stream
wi th encoded bl ocks of 3 synbols each.

ab+cd+ef +gh+i j +kl +rm+op+qr +st +uv+wx+yz+AB+CD+EF+GH+HI J+

Figure 14: C Stream after XOR encodi ng of each bl ock.
8.2.2. Fragnmentation

8.2.2.1. Assenbl er Sub-Process

1. Divide the CGStreaminto tiles and group theminto windows. Tile
size is set to match the synbol size

C-Stream ab+cd+e f+gh+ij +kl+m+ op+qgr+s t+uv+wx +yz+AB+ CD+EF+G H+l J+
Tiles: 6543210 6543210 6543210 6543210 6543210 6543210 6543210 65432
W ndows: 0000000 1111111 2222222 3333333 4444444 5555555 6666666 77777

Figure 15: Tiles are nunbered per normal tile numeration

1. Apply interleaving (depth 3). Because the interleaving depth
equal s the encoded bl ock size, this produces a sinple, fixed
permut ati on: take the 1st synbol from each block in order, then
2nd synbol s, then 3rd synbols, producing the reordered C Stream
for fragnentation (i.e., the encoded SCHC Packet).

W ndow. 000 112 233 344 556 667 001 112 233 444 556 677 001 122 233 445 556 677
Tile: 630 415 263 041 526 304 526 304 152 630 415 263 415 263 041 526 304 152
Dat a: ace gik noq suw yAC EG bdf hjl npr tvx zBD FH) +++ +++ +++ +++ +++ +++
Fi gure 16: Encoded SCHC Packet after interleaving.
8.2.2.2. Transporter Sub-Process
1. Partition the encoded SCHC Packet into fragnents that each fit

within the L2 MIU, for exanple, assume each fragnent carries 9
tiles.

W ndow: 000112233 344556667 001112233 444556677 001122233 445556677

Tile: 630415263 041526304 526304152 630415263 415263041 526304152
Dat a: acegi knoq suwACEG bdf hj I npr tvxzBDFH] +++++++++ +++++++++
Fragment: [0:6__ | |3:0___ | |10:5__ | |4:6___ | 10:4__ | |4:5 |

Figure 17: Fragnented encoded SCHC Packet, ready to transmt.

1. Transnmit each fragnent in sequence, along with an All-1 fragnent
carrying the RCS dat a.
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8.3. Receiver
8.3.1. Defragnentation
8.3.1.1. Transporter Sub-Process

1. Process the received fragnents according to the SCHC header
(identify Rule 1D, begin the fragnentati on session).

2. Extract payload and pass the received tiles to the Assenbl er sub-
process. For this exanple, assune the second fragnent was | ost
during transm ssion.

W ndow: 000112233 001112233 444556677 001122233 445556677 7~~~~~
Tile: 630415263 526304152 630415263 415263041 526304152 7~~~~~
Dat a: acegi knoq bdf hj I npr tvxzBDFH] +++++++++ +++++++++ RCS~~~
Fragment: |0:6_ |0:5 | 4: 6 | 0: 4 | 4:5 | 7: 7~~

Fi gure 18: Received SCHC fragments.

1. Await the signal formthe Assenbl er sub-process before
transmitting the SCHC Conpound Ack back to the sender.

8.3.1.2. Assenbler Sub-Process
1. Place any received tiles into an enpty C Stream while the

fragmentation session is active. Tiles are placed in their
correspondi ng order according to the interleaving paraneter.
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C-Streamwh Wndow Tile nunbered slots (observe as grid):
W 000000011111112222222333333344444445555555666666677777.
T 654321065432106543210654321065432106543210654321065432.
2 2 3 3 <- 1st fragnent received
5 2 6 3 <- WT nunbering

k m o ¢ <- Data

<- 2nd fragnment received

J <
3rd fragment received -> 4 4 4 5 5 6 6 7 7
> 6 3 0 4 1 5 2 6 3
> t v x z B D F H J
o o1 1 2 2 2 3 3 <- 4th fragnent received
4 1 5 2 6 3 0 4 1 <
+ + + + + + + + + <

5th fragment received ->

C—Strean1(underscores mar k m ssing data):
=: ab+cd+ef +gh+i j +kl +rm+op+qr+_t + v+ x+_ z+ B+ D+ F+ H+ J+

Figure 19: Received tiles placed in the C Stream

1. Check if there are enough synbols to decode missing data within
every encoded block. In this exanple, the XOR-encoded bl ocks
require 2 out of 3 synbols.

C-Stream ab+ cd+ ef+ gh+ ij+ kl+ m+ op+ gr+ _t+ v+ x+ z+ B+ D+ F+ H+ J+
Bi t map: 111 111 111 111 111 111 111 111 111 011 011 011 011 011 011 011 011 011
2 of 3: K K K K K K &K K &K K &K XK K X K X &K «

Fi gure 20: Encoded bl ocks are marked as decodeabl e or non-decodeabl e.

1. In this case, all blocks are marked as decodeable, even if there
was mi ssing data. The Assenbl er sub-process signals the
Transporter sub-process that the encoded SCHC packet is fully
decodeabl e, triggering the SCHC Conpound Ack with no tiles to
retransnmit.
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8.3.2. Decoding

The XOR FEC schene may be applied on each encoded bl ock of the
C-Streamto recover any mssing data. Wen no data is missing,
parity synbols are ignored. |If a synbol is nissing, the available
synbol s are conbi ned using XOR to recover the nissing data.

C- Stream ab+ cd+ ef+ gh+ ij+ kl+ m+ op+ qr+ _t+ _V+ X+ _zZ+ B+ D+ _F+
_H+ o J+

Acti on: i i i i i i i i i =XX =XX =XX =XX =XX =XX =XX
=XX =XX

Oper ati on: tA+=s vA+=u xM+=w zM+=y BM+=A DM+=C FA+=

E H'+=G J"+=

SCHC Packet: ab cd ef gh ij kI nk op gqgr st uv WX yz AB (@D EF
GH IJ

*Legend: 'i’'=ignore; '= =calculate; 'x’=conbine

Fi gure 21: Recovering the SCHC Packet using avail able synbol s.
9. Changel og
* Version 00
- Initial version
*  Version 01
- This version renoves references to DtS-10T.

- This version adds state nachines for the transporter sub-
process.

- This version features a new design for the ARQ FEC node.
*  Version 02

- Introduces encodi ng geonetries and coded data structure
abstraction.

- Adds C-Streamalternative for sinpler FEC schenmes (e.g. XOR).
- Mnor wording and phrase inprovenents.
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