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1.

2.

What / Why FEC (context)
High-level idea

1. Use-case: Smart Metering,
Complement for No-Ack and
others (fewer downlink
messages)

1. FEC Fragment Rule Format :
Italgas rolling out 7,5 min gas

meters with SCHC in Italy and

2. FEC-before-Fragment
Greece.
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What / Why Forward Error Correction?

1. Forward Error Correction

1. On the PDU level, not on the symbols / bits level
2. In (very) asymmetric links, sending several uplinks to save a

downlink can be (very) beneficial

1. Reducing the number of total messages (uplink+downlink) can also be
(very) beneficial

3. Two modes
1. Ships in the night

2. FEC before frag
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“Ships in the night” - a.k.a. “SCHC FEC Rule Format”

® New Rule type - “FEC Fragment Rule Format” RuleSet { '
10: { [compression] },

20: { [fragmentation] },

30: { [fec],
FragRulelD: 20,
FECAIlgorithm: xor,
[DTag, W, FCN],

o Itislinked (bound) to a classical
Fragmentation Rule

o The Fragmentation Rule is oblivious to the
FEC Fragments
® Send Fragments as usual, then build and send a }
FEC Fragment ever n Fragments

O Upon reception, FEC Fragments are used to recover missing
Fragments
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“Ships in the night” - a.k.a. “SCHC FEC Rule Format”

® New Rule type - “FEC Fragment Rule Format” RuleSet {

10: { [compression] },
20: { [fragmentation] },

@) It is linked (bound) to a classical Fragmentation Rule

O  The Fragmentation Rule is oblivious to the FEC Fragments 30: { [feCL
® Send Fragments as usual, then build and send a FEC Fragment ever FragRuIeID: 20’
n Fragments o
FECAIlgorithm: xor,
@) Uponreception, FEC Fragments are used to recover missing Fragments [DTag, W, FCN],

Data }

Data SCHC
Buffers Fragmentation
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“Ships in the night” - a.k.a. “SCHC FEC Rule Format”

® New Rule type - “FEC Fragment Rule Format” RuleSet {

10: { [compression] },
20: { [fragmentation] },

@) It is linked (bound) to a classical Fragmentation Rule

O  The Fragmentation Rule is oblivious to the FEC Fragments 30: { [feCL
® Send Fragments as usual, then build and send a FEC Fragment ever FragRuIeID: 20’
n Fragments o
FECAIlgorithm: xor,
@) Uponreception, FEC Fragments are used to recover missing Fragments [DTag, W, FCN],

Data Data |}

Data SCHC [Fragments]
Buffers Fragmentation
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“Ships in the night” - a.k.a. “SCHC FEC Rule Format”

® New Rule type - “FEC Fragment Rule Format” RuleSet {

10: { [compression] },
20: { [fragmentation] },

@) It is linked (bound) to a classical Fragmentation Rule

O  The Fragmentation Rule is oblivious to the FEC Fragments 30: { [feCL
® Send Fragments as usual, then build and send a FEC Fragment ever FragRuIeID: 20’
n Fragments o
FECAIlgorithm: xor,
@) Uponreception, FEC Fragments are used to recover missing Fragments [DTag, W, FCN],
Data Data | !

Data SCHC [Fragments]

Buffers Fragmentation

SCHC Data
Reassembly Buffers

SCHC FEC | alactil® SCHC FEC
Fragmentation SENELUEE Recovery HISGHUES




Fragmentation
MTU = 5 tiles

Data Data
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Fragmentation
MTU = 5 tiles

Data | Data

Tiles |99| 98| 97| 96| 95| 94| 93| 92| 91| 90| 89| 88| 87| 86| 65| 84|83 | 62| 81| 80| 79| 78| 77| 76| 75]...
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Fragmentation
MTU = 5 tiles

Data | Data

Tiles |oo| 98| 97| 96| 95| 94| 93| 92|91| 90|89 |88 |87| 86| 85| 84| 83| 82| 81|80| 70| 78| 77|76 75]...
\ l Il Y ’l ;l l { l J

Fragments | 1 | i | i | 4 | 5 |

RulelD=20
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Fragmentation with FEC Fragments

MTU = 5 tiles, FEC Window = 10 tiles

Data | Data

Tiles | 99| 98| 97| 96| 95| 94| 93| 92| 91| 90| 89| 88 | 87| 86 | 85 | 84| 83| 82| 81| 80| 70| 78| 77| 76 | 75]...
L A J

Fragments | ? | _L |

RulelD=20
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Fragmentation with FEC Fragments
MTU = 5 tiles, FEC Window = 10 tiles

Data | Data

Tiles | 90| e8| 97| 96| 95| 94| 93| 92| 91| 20| 80| 88| 87| 86| 85 | 84| 83| 82| 81| 80| 79| 78| 77| 78  75]..
T

Fragments | 1 | 2 |

RulelD=20

FEC Fragments
RulelD=30
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Fragmentation with FEC Fragments
MTU = 5 tiles, FEC Window = 10 tiles

Data | Data

Tiles | o0 | o8| 97| o6 | e5| o4 | o3| 02| 91| 00| &9 | 88| 67| 86 | 85 | 84 | 83| 82| 81| 80 70| 78| 77 76 | 75 ]...
L J \

Fragments | 1 | 2 | ‘\|E | < |

RulelD=20

FEC Fragments . ees0

RulelD=30
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Fragmentation with FEC Fragments
MTU = 5 tiles, FEC Window = 10 tiles

Data | Data
Tiles | 99| 98| 97| 96| 95| 94| 93| 92| 91| 90| 89| 88 | 87| 86 | 85 | 84| 83| 82| 81| 80| 70| 78| 77| 76 | 75]...
\ J
Fragments | 1 | 2 |
RulelD=20
FEC Fragments . ses0 . EsE0
RulelD=30
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Fragmentation with FEC Fragments
MTU = 5 tiles, FEC Window = 10 tiles

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

| Data

| 99| 98| 97| 96| 95| 94| 03| 92| 91| 90| 89 | 88 | 87| 86 | 85 | 84| 83| 82| 81| EE!TQ|?B|??|?E|?5|’...

| 1 | | | 3 | 4 | |
. ess0 . 880
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Fragmentation with FEC Fragments and MTU Change
FEC Window = 2xMTU tiles

Data | Data

Tiles | 99| 98| 97| 96| 95| 4| 23| 92| 21| 90| 89| 88| 87| 86 | 85 | 84| 83| 82| 81| 80 | 79| 78] 77| 76| 75 ...
( A J

Fragments I ; | } |

RulelD=20

FEC Fragments
RulelD=30

)

T

MTU = 5tiles, FEC Window=10 tiles
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Fragmentation with FEC Fragments and MTU Change
FEC Window = 2xMTU tiles

Data | Data

Tiles | 99| 98| 97| 96| 95| 94| 23| 92| 21| 90| 89| 88| 87| 86 | 85 | 84| 83| 82| 81| 80 | 79| 78] 77| 76| 75 ...
\ )

Fragments I 1 | |
RulelD=20

FEC Fragments
RulelD=30

)

T

MTU = 5tiles, FEC Window=10 tiles
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Fragmentation with FEC Fragments and MTU Change
FEC Window = 2xMTU tiles

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

Data

5| 94| 93| 92| 91| 20] 82| 88 | 87| 86 | 85 | 84| 83| 82| 81| 80| 79| 78| 77| 76| 75]...

MTU = 5tiles, FEC Window=10 tiles
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Fragmentation with FEC Fragments and MTU Change
FEC Window = 2xMTU tiles

Data | Data
Tiles | 99| 98| 97| 96| 95| 94| 23| 92| 21| 90| 89| 88| 87| 86 | 85 | 84| 83| 82| 81| 80 | 79| 78] 77| 76| 75 ...
L Y J
Fragments | 1 | 2 | |+ |
RulelD=20
FEC Fragments -~ ssa0 |
RulelD=30
l , '. , :
MTU = 5 tiles, FEC Window=10 tiles MTU = 3tiles, FEC Window=3 tiles
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Fragmentation with FEC Fragments and MTU Change
FEC Window = 2xMTU tiles

Data | Data
Tiles | 99| 98| 97| 96| 95| 4| 23| 92| 21| 90| 89| 88| 87| 86 | &5 | a-1|‘33| 82| 81 |“an| 79| ?3|) 77| 76| 75| -
Fragments | 1 | 2 | | s m 8
RulelD=20
FEC Fragments - sss | | essa
RulelD=30
l , '. , :
MTU = 5 tiles, FEC Window=10 tiles MTU = 3tiles, FEC Window=3 tiles
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Fragmentation with FEC Fragments and MTU Change
FEC Window = 2xMTU tiles

Data | Data
Tiles | 99| 98| 97| 96| 95| 4| 23| 92| 21| 90| 89| 88| 87| 86 | &5 | 3-1! 83| 82| 81| 80| 79| ?a’|‘ 77| 76| 7).
Fragments | 1 | 2 | | = | 7
RulelD=20
FEC Fragments -~ ssa0 |
RulelD=30
l , '. , :
MTU = 5 tiles, FEC Window=10 tiles MTU = 3tiles, FEC Window=3 tiles
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Fragmentation with FEC Fragments

FEC Fragments can be sent at any time

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

Data

5|94|93) 92|91 |90]| es) e8| 87| 86| 85| 84| 83| 82| 81| 80| 79| 78| 77| 78| 75]...
l

'
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Fragmentation with FEC Fragments

FEC Fragments can be sent at any time

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

| Data

L:-:-| 98 | 97| 96 | 95| 94 | 93| 92| 91| :-:la9|aa|a?|m‘-.|55|arl|aa|az|a1|au|?9|?3|??|?s|?5|...
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Fragmentation with FEC Fragments

FEC Fragments can be sent at any time

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

Data

| 99| 98| 97| 96| 95| 94 | 98] 92| 91| :-:la9|aa|a?|m‘-.|55|arl|aa|az|a1|au|?9|?3|??|?s|?5|...
)

1

| I 3
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Fragmentation with FEC Fragments

FEC Fragments can be sent at any time

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

Data
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Fragmentation with FEC Fragments

FEC Fragments can be sent at any time

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

1

Data
| 99| 98| 97| 96| 25| 94 | 98| 92| 91| 20 89| aa|a?|at-.|a5‘| arl|aa|a2|51|ao'?9|?3|??|?s|?5|...
| | ——

- sse0 94-85
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Fragmentation with FEC Fragments

FEC Fragments can be sent at any time

Data

Tiles

Fragments
RulelD=20

FEC Fragments
RulelD=30

| Data

| 99| 98| 97| 96| 95| 94 | 98] 92| 91| :-:|‘a9| aa|a?|at-.|a5|arl|aa|a2|51|ao|’?9|?3|??|?s|?5|...
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Fragmentation with FEC Fragments and MTU Change

FEC Window < 2xMTU tiles

Data | Data

Tiles 99 98| 07| 96| o5|24]|ea|o2|o1]| 0| a0 88|87 |86 |85 |8a| 83 82| 81|80| 79| 78] 77 78] 75]..
\ J

Fragments | 1 | 2 3 4 s | e
RulelD=20

FEC Fragments 81-78

RulelD=30
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Fragmentation with FEC Fragments and MTU Change

Adding Ships in the night - bound to the same base Fragmentation

Data | Data

Tiles o9 93| Ly I 5;-|,.| | 0 | gz lg

Fragments I 1 |
RulelD=20

FEC Fragments
RulelD=30

FEC Fragments B
RulelD=40
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“FEC before Frag”

® Apply FEC algorithm to data, then use existing Fragmentation
modes to send the data

@) Requires adding a parameter to existing fragmentations - %
of tiles necessary to consider reception successful

@) If received fragments carry more than % of tiles, OK
® From architectural perspective — FEC can be treated
as a CDA

@) But then we cannotdo SCHC Compression -> FEC -> SCHC
Fragmentation

@) Consider the possibility to “chain” SCHC operations

u SCHC Compression -> SCHC Compression (FEC) ->
SCHC Fragmentation

] Others?

RuleSet {

10: { [compression] },

20: { [fragmentation],
fragmentation-mode:
fragmentation-mode-no-ack,
minimal-received-fragments-
success: 60%,
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“FEC before Frag”

® Apply FEC algorithm to data, then use existing
Fragmentation modes to send the data

O  Requires adding a parameter to existing
fragmentations - % of tiles necessary to consider
reception successful

O Ifreceived fragments carry more than % of tiles, OK

Data
FEC Algorithm

SCHC [Fragments]
Fragmentation

RuleSet {

10: { [compression] },

20: { [fragmentation],
fragmentation-mode:
fragmentation-mode-no-ack,
minimal-received-fragments-
success: 60%,

draft-pelov-schc-fragmentation-fec-rule-format



“FEC before Frag”

® Apply FEC algorithm to data, then use existing
Fragmentation modes to send the data

O  Requires adding a parameter to existing
fragmentations - % of tiles necessary to consider
reception successful

O Ifreceived fragments carry more than % of tiles, OK

Data Data
FEC Algorithm t

SCHC [Fragmentsl SCHC
Fragmentation Reassembly

RuleSet {

10: { [compression] },

20: { [fragmentation],
fragmentation-mode:
fragmentation-mode-no-ack,
minimal-received-fragments-
success: 60%,
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“FEC before Frag”

® Apply FEC algorithm to data, then use existing
Fragmentation modes to send the data

O  Requires adding a parameter to existing
fragmentations - % of tiles necessary to consider
reception successful

O Ifreceived fragments carry more than % of tiles, OK

Data Data

Il

FEC Algorithm

SCHC [Fragmentsl SCHC
Fragmentation Reassembly

RuleSet {

10: { [compression] },

20: { [fragmentation],
fragmentation-mode:
fragmentation-mode-no-ack,
minimal-received-fragments-
success: 60%,
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“FEC before Frag”

Architecture considerations

e From architectural perspective — FEC can be treated as a CDA

o Butthen we cannot do SCHC Compression -> FEC -> SCHC Fragmentation
e Consider the possibility to “chain” SCHC operations

o SCHC Compression -> SCHC Compression (FEC) -> SCHC Fragmentation
e Alternatively, define new Fragmentation modes

m  E.g Ack-On-Err-With-FEC
e Other approaches?
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Ships in the night vs FEC before Frag

Ships in the night

(o]
0

Backwards compatible with RFC8724.
Simple to implement — no change to
fragmentation

Less buffer memory on sender and receiver
Flexible (can send FEC Fragments at any
time)

Can be used for reliability of small messages
(TBD)

AN NN N

ns:
Need to specify FEC other than XOR
Need to specify strategy when to send FEC
Fragments (trivial exists, e.g. every 2
fragments)
MTU change behavior suboptimal
Accessing fragmentation buffer from FEC
needs to be done with care

DN NI NS/

FEC before Frag

Pros:
Simple to implement - minor changes
to fragmentation state machine
No need for FEC fragment emission
strategy

Cons:

v" Not backwards compatible with
RFC8724.

v"  Need additional RAM for Data+FEC
buffer

v" Increased latency — necessary to

receive all Data+FEC fragments before

processing them
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TODOs and Questions?

- Will change name of draft, as it has additional FEC mode
- "FEC for SCHC"

- Write YANG models for both modes

- Currently selecting FEC algorithm for “FEC before Frag”

- Specify use of “Ships in the night” for isolated small messages
- Fragmentation used for Reliability

- Specification for NoAck, Ack-On-Error, Ack-Always

- Use-cases — need feedback

-  Running code

- Questions ? |
draft-pelov-schc-fragmentation-fec-rule-format



FEC Fragment Rule Format (draft)

Fragment A Fragment B

e S P
| W | FCN | Frag. A| | W | FCN | Frag
| @ | 62 | Tiles | | @ | 58 | Tiles
o e e e oo oo - + o mmmmm e e e m oo
\ \ /
\ A /
\ \ /
tmm e m - - Fomm e m +
|Frag. A| XOR |Frag. B|
|Tiles | |Tiles |
L SUPRR——— + L S —— +
A12 tilesh A12 tilesh
W=0 W=0
FCN=62 FCN=5@
Avemem- FEC Window------ A

FEC Fragment

________________ +
| RuleID = 30/8 |
________________ +
W | FCN | FEC |
@ | 39 | Tiles |
________________ +

A12 tiles”
W=0
FCN=50-12+1=39
> Last tile of
previous fragment.



FEC Fragment Rule Format

Fragment A

Fragment B

FEC Fragment

|Frag. A| XOR |
|Tiles | |

+ommmm oo + +o-mo-- -+

Al12 tilesh A12 tilesh
W=a W=0
FCN=62 FCN=5@

A e e FEC Window------ M

A12 tilesh
W=0
FCN=50-12+1=39
> Last tile of
previous fragment.



FEC Fragment Rule Format

Fragment A Fragment B FEC Fragment
. S e S + o +
| RuleID = 20/8 | | RuleID = 20/8 | | RuleID = 30/8 |
. S + o m e e e oo - + oo e +
| W | FCN | Frag. A| | W | FCN | Frag. B| | W | FCN | FEC |
| @ | 62 | Tiles | | @ | 5@ | Tiles | | @ | 39 | Tiles |
o + e e e — + e e +
\ \ / / / /
\ \ / / / /
\ \ / / / /
¥ R + S -+ e - +
|Frag. A| XOR | B => |FEC |
|Tiles | | T4 | |Tiles | B
- g - -+
712 Qi
W

FCN=62 FCN=50@ FCN=58-12+1=39 OR
Aeemm - FEC Window------ A > Last tile of (or other)
previous fragment.



	Slide 1: FEC for SCHC draft-pelov-schc-fragmentation-fec-rule-format-00
	Slide 2: Agenda
	Slide 3: What / Why Forward Error Correction?
	Slide 4: “Ships in the night” – a.k.a. “SCHC FEC Rule Format”
	Slide 5: “Ships in the night” – a.k.a. “SCHC FEC Rule Format”
	Slide 6: “Ships in the night” – a.k.a. “SCHC FEC Rule Format”
	Slide 7: “Ships in the night” – a.k.a. “SCHC FEC Rule Format”
	Slide 8: Fragmentation MTU = 5 tiles
	Slide 9: Fragmentation MTU = 5 tiles
	Slide 10: Fragmentation MTU = 5 tiles
	Slide 11: Fragmentation with FEC Fragments MTU = 5 tiles, FEC Window = 10 tiles
	Slide 12: Fragmentation with FEC Fragments MTU = 5 tiles, FEC Window = 10 tiles
	Slide 13: Fragmentation with FEC Fragments MTU = 5 tiles, FEC Window = 10 tiles
	Slide 14: Fragmentation with FEC Fragments MTU = 5 tiles, FEC Window = 10 tiles
	Slide 15: Fragmentation with FEC Fragments MTU = 5 tiles, FEC Window = 10 tiles
	Slide 16: Fragmentation with FEC Fragments and MTU Change FEC Window = 2xMTU tiles
	Slide 17: Fragmentation with FEC Fragments and MTU Change FEC Window = 2xMTU tiles
	Slide 18: Fragmentation with FEC Fragments and MTU Change FEC Window = 2xMTU tiles
	Slide 19: Fragmentation with FEC Fragments and MTU Change FEC Window = 2xMTU tiles
	Slide 20: Fragmentation with FEC Fragments and MTU Change FEC Window = 2xMTU tiles
	Slide 21: Fragmentation with FEC Fragments and MTU Change FEC Window = 2xMTU tiles
	Slide 22: Fragmentation with FEC Fragments FEC Fragments can be sent at any time
	Slide 23: Fragmentation with FEC Fragments FEC Fragments can be sent at any time
	Slide 24: Fragmentation with FEC Fragments FEC Fragments can be sent at any time
	Slide 25: Fragmentation with FEC Fragments FEC Fragments can be sent at any time
	Slide 26: Fragmentation with FEC Fragments FEC Fragments can be sent at any time
	Slide 27: Fragmentation with FEC Fragments FEC Fragments can be sent at any time
	Slide 28: Fragmentation with FEC Fragments and MTU Change FEC Window < 2xMTU tiles
	Slide 29: Fragmentation with FEC Fragments and MTU Change Adding Ships in the night – bound to the same base Fragmentation 
	Slide 30: “FEC before Frag”
	Slide 31: “FEC before Frag”
	Slide 32: “FEC before Frag”
	Slide 33: “FEC before Frag”
	Slide 34: “FEC before Frag” Architecture considerations
	Slide 35: Ships in the night vs FEC before Frag
	Slide 36: TODOs and Questions?
	Slide 37: FEC Fragment Rule Format (draft)
	Slide 38: FEC Fragment Rule Format
	Slide 39: FEC Fragment Rule Format

