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H2020 EPIC Project: Next
Generation FEC for Tbh/s and
THz Systems

The EPIC project has received funding from
the European Union’s Horizon
and innovation programme under grant
agreement No 760150.
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EPIC

What is EPIC?

* EPIC project designs and implements next generation FEC technology for a
number of 5G and beyond (B5G) use cases, primarily within ultra-high speed
(>100Gbps) wireless systems (THz).

» 3-year (Sept 2017-Sept 2020) project is executed by 8 partners with in-depth
expertise in coding theory&algorithm development, FEC implementation, and
system-level design.
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EPIC

Partners:
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EPIC

EPIC Project Objectives

« Design and implement next generation Forward Error Correction (FEC)
for wireless Tbh/s technology and Beyond-5G (B5G) systems.

« Advance state-of-the-art Turbo, Low Density Parity Check (LDPC), and
Polar Codes and develop the principal channel coding technology for
wireless Tb/s technology.

« Devise a disruptive FEC design framework to unify algorithmic and
implementation domains.

« Validate and demonstrate the developed FEC technology in virtual silicon
tape-out and provide first-in-class wireless Tb/s FEC chipset architecture
block.
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EPIC

EPIC Methodology for B5G FEC Technology
Design

« ldentify B5G use-cases, link level,
. i Step 1: Th/s use-cases and }
and FEC requirements in terms of KPls
communication and implementation 1

performances 4

 Step 2: FEC Development with holistic FEC design framework | }

.

« Execute on EPIC design framework : ;_
to develop FEC technology according T ) [t TC:E H
to the FEC requirement guidelines vetcaton | — o iy D

« Develop LDPC/Turbo/Polar e oncimn e ;; ”
Encoding/Decoding Algorithms ‘ o :

« Implement selected B5G FEC /~ ™ ﬁ
candidates in virtual chipset \S‘E”‘“BSGFEC‘""“'C“ipset"""'e"‘e"m“’" D g
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EPIC

EPIC Design Framework

« Holistic approach that combines
information-theoretic code design

Codes Channel Capacity

principles with advanced VLSI techniques . Turbo
= LDPC Al
¢ Objective: To develop highly-optimized « Polar

dedicated architectures in advanced " Variants...

semiconductor technology nodes

« The framework is driven by key
performance trade-offs such as:

Decoding algorithms Implementation
= Semiconductor technology

= ML
= lLog-MAP
= Min-Sum Parallel Architectures

L |
=  Successive Cancelation = Error resilience
L ]

¢ Code, algorithm and implementation level

parameters (code

randomness/locality/regularity, decoding

algorithm complexity, bit/word/sub-block level bits/s, W/mm?Z, J/bit, bits/s/mm?
. . ) . bit/frame error rates

parallel vs. sequential architectures, optimality

Vs. approximation)

¢ Communication performance and

implementation efficiency KPIs (BER/FER,
throughput, energy/power/area efficiency)
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EPIC

Information Theory/Implementation Gap

Energy efficient high throughput architectures require
= Large parallelism
= Large regularity
= Large locality

Coding theory requires randomness and no-locality T oy

- LDPC: Tanner Graph v‘“e:f:’ PN — Ci"“k’”

- Turbo Code: Interleaver Variabie_n Chocic_ny
A8

Some decoding algorithms are inherently serial | L LS v BN J

- Turbo-Code decoding — LM

= Polar Code successive cancelation
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EPIC

Strong link with Silicon technology

. Information theory, algorithms, we2 ][ wes ][ wes
architecture and implementation | Fonténd  BackEnd |
in Silicon are mapped on the Informaton ol prsonesn v orplmnig

: code design I | i
teChn|Ca| WorkpaCkageS Fixed Point Quantization i Physical Synthesis
l !
I [
. . Architecture template E Clock Tree Synthesis
« Selected designs will go all the way | :
. . ! i Place and Route
through the ASIC implementation BER simulation check | I
(front-end and back-end) in * i Verfication
Micro architecture opt. i x
deeply-scaled CMOS : ; Gosii
RTL i |
(VHDL/Verilog) || Tape out
!
T t t h I d . 7 TEChﬂOlOEV__ Logic Synthesis
« Target technology node: 7nm forary Powerfarea)
CMOS '
+ Better area efficiency, better energy
efficiency
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EPIC

B5G use-cases and system-level&FEC requirements

» Explored potential wireless ultra-high throughput use-cases for

B5G.
« System requirements and KPIs (bit and frame error rate, throughput,
latency, power, cost, flexibility)
« FEC level-KPIs utilizing system requirements (bit and frame error
rate, throughput, latency, energy efficiency, area efficiency, and power

density)
BER Flexibility Latency Throughput

[Gbps]

Virtual reality 107-6 high 0.5ms 500,00
Data kiosk 101-12 low 0.5ms 1000,00

Backhaul 107-8 medium 100ns 250,00

Intra-device com. 10n-12 low 100ns 500,00
Fronthaul 107-12 medium 25ns 1000,00

Data center 107-12 ~ 107-15 medium 100ns 1000,00
Hybrid wireless fiber 107-12 medium 200ns 1000,00
High speed satellite 107-10 medium max ~10ms 100-1000
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EPIC FEC Implementation KPl Bounds — Broad strokes

 Practical FEC chip area constraint on a SoC: ~10 mm?
« FEC chip power budget to avoid heat removal issues: ~1 W
* FEC decoder throughput: 1 Tbps

» Detailed FEC KPI requirements in public report: D1.2 B5G Wireless Th/s
FEC KPI Requirements and Technology Gap Analysis (available at https://epic-

h2020.eu/)
EPIC FEC KPI bounds
Area limit 10 mm?
Area efficiency limit 100 Gb/s/ mm?
Energy efficiency limit ~1 pJ/bit
Power density limit 0.1 W/mm?
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Design Space Turbo-Codes
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Architecture

(Turbo code design space |

Decoding algorithms |

Constraints |
1

Window size
NIt
Initialisation | ACQ
NileACQ

Sliding window

Fully paraltel

No management
With |

Max-Log MAP |

logarithm
With ESF
Stopping criteria
Reduced complexity SOVA
Trimming SOVA
Parity check matrix modification
Detection of error-prone positions

SOVA
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Event i)
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ML
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Design Space LDPC Codes

Binary/Non-binary
Regular/irregular \‘.
Node degree \
Code rate
Block code A
Tailbiting/non-tailbiting A
Time variantfinvariant | Convolutional code Y, \
Constraint length [ \.‘
\
Parallel edges | \ . Two-phase
2 ~_Protograph-Based || \ Scheduling ———
No parallel edges /- | \S ,/—<\ Layered
Rate compatible / \\ [ Sum-product
\ BP/ imati in-
Fully parallel \\ Decoding Algorithms _\ CN approximation \f Min-sum '
Partially parallel \Check node \ s ‘.‘ ‘ \_ Lambda-min
jal | ‘ : | Fixed
Serial ) H‘ Edge parallelism \ "'\ Iteration control o
Fully parallel —_—— || ————————{_Earlytermination
| \ \ PP
Partially parallel | Variable node /" ‘.‘ \_Bit-flipping
Serial | || Clock frequency
Fully parallel ‘ I;‘f Powerlenergy
. | \ ‘_
Partially parallel \ Node parallelism / | Area
Serial | \ / \_Constraints | Flexibility
Word level ‘.‘| i / Communication performance
—, Parallelism Architecture .
Edge level }ﬁ \_Throughput
SUYEIEVEL \ N
Barrel shifter " "“ | Latency
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— — Node interconnect |
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N
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Design Space Polar Codes
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EPIC

Current Status and Future Work

» EPIC project has explored various THz/Thps B5G use-cases,
and derived their system&FEC-level KPls.

» EPIC architecture-aware FEC design framework is developed.

» Active design and implementation study of B5G FEC
technology.

* Project progress and reports are available at: https://epic-
h2020.eu/.
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EPIC

General Project Information

® Project reference: 760150

* Project start: 15t September 2017

e Duration: 3 years

e Total costs/EC contribution: EUR 2.966.268,75

e Eight partners from seven different European countries:

¢ Creonic Gmbh , Ericsson AB, IMEC, Institut Mines-Telecom, InterDigital Europe, Polaran, Technikon,
Technische Universitaet Kaiserslautern

e Mission: EPIC aims to develop a new generation of Forward-Error-Correction (FEC)
codes in a manner that will serve as a fundamental enabler of practicable beyond
5G wireless Tb/s solutions and also to develop and utilize a disruptive FEC design
framework allowing to advance state-of-the-art FEC schemes.

e \Website: www.epic-h2020.eu

e Twitter: Epic760150; Linkedin: https://www.linkedin.com/in/epic-project-
184362150
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EPIC

EPIC Grant Agreement No. 760150

“The EPIC project has received funding from the European Union’s
Horizon 2020 research and innovation programme under grant
agreement No 760150.”

If you need further information, please contact the coordinator:
TECHNIKON Forschungs- und Planungsgesellschaft mbH
Burgplatz 3a, 9500 Villach, AUSTRIA
Tel: +43 4242 23355  Fax: +43 4242 233 55 77
E-Mail: coordination@epic-h2020.eu

The information in this document is provided “as is”, and no guarantee or warranty is given that the information is fit for any particular purpose. The content
of this document reflects only the author’s view — the European Commission is not responsible for any use that may be made of the information it contains.
The users use the information at their sole risk and liability.
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